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NOVEL FOOD SAFETY CONCEPTS FOR SAFE
FOOD: CASE MEAT PROCESSING INDUSTRY*

Raspor P, Jevsnik Mojca

Abstract: Consumers’ concern about dangers associated with food is high. Due to recent food crises in Europe, food
quality and food safety have become a hot topic in the media. Meat, as one of the most sensitive industries regarding microbial
contamination in food supply chain, deserves all this attention and we need to bring new skills to practice to manage food
safety from the farm to the fork. The aim of this short review was to evaluate and compare the few food safety issues which are
relevant for meat industry, namely food safety knowledge in practice, employees” attitude toward food safety and employees’
work satisfaction and diversification of the systems connected to meat processing industry.

Today we master food safety through good practices at different levels of food production, distribution and consumption.
The novelties which enter food supply chain through new substrates, new processes and technologies and new nutrition
practices are key factor for building up a new dimension in food safety, which should be handled holistically. All these elements
are very complex and closely connected to social factors, e.g. employees’ knowledge, awareness and attitude. Based on the
research results on this field it is determined that food safety education and individual awareness are the most important tools
for food safety assurance, that’s why every food handler requires a complex and individual dealing. The human factor must
be discussed equally like all the other risk factors, such as hygiene, technical and technological factors. For food safety it is
essential that every link in food supply chain understands and fulfils his responsibilities and relies upon the previous and the
next step in a chain.

Key words: food safetly, safe food, meat industry

Novi koncepti bezbednosti hrane za dobijanje zdravstveno ispravnih proizvoda: industrija
prerade mesa

S a drzaj: Zabrinutost potrosaca za opasnosti povezane sa hranom je velika. Zbog skorasnje krize sa hranom u
snabdevanju hranom sa aspekta mikrobioloske kontaminacije zasluzuje svu mogucu paznju i zbog toga moraju da se uvedu u
praksu nove vestine u upravljanju bezbednoséu hrane ,,o0d njive do trpeze . Cilj rada je ocena i poredenje nekoliko problema
iz oblasti bezbednosti hrane relevantnih za industriju mesa — konkretno, saznanja o aspektima bezbednosti hrane u praksi, stav
zaposlenih prema bezbednosti hrane kao i zadovoljstvo radom i razgranatost sistema povezanih sa industrijom prerade mesa.

Danas ovladavamo poljem bezbednosti hrane kroz dobru praksu na razlic¢itim nivoima proizvodnje, distribucije i
potrosnje. Noviteti koji ulaze u lanac snabdevanja hranom, kao Sto su novi supstrati, novi procesi i tehnologije kao i novi
nacini predstavljanja, su kljucni faktori za izgradnju nove dimenzije u oblasti bezbednosti hrane sa kojima se mora upravljati
holisticki. Svi ovi elementi su veoma kompleksni i tesno povezani sa socijalnom faktorima, na primer: znanja zaposlenih, svest
i stav. Na osnovu rezultata istrazivanja u ovoj oblasti utvrdeno je da su edukacija o bezbednosti hrane i individualna svest
najvazniji alati za osiguranje bezbednog proizvoda — zato svako ko rukuje hranom zahteva da mu se posveti kompleksna paznja
na individualnom nivou. Ljudski faktor mora da se obradi jednako kao i ostali faktori rizika, kao Sto su higijena, tehnicki i
tehnoloski faktori. Esencijalno je, sa aspekta bezbednosti hrane, da svaka karika u lancu snabdevanja razume i ispunjava svoje
odgovornosti kao i da moze da se osloni na prethodni i sledeci korak u lancu.

Kljuéne reci: bezbednost hrane, zdravstevno ispravni proizvodi, industrija mesa

Novi koncepti bezbednosti hrane za
Introduction

Since April 2004 when the European Parlia-
ment adopted Regulation (EU) No 852/2004 on the
hygiene of foodstuffs it focused strongly on the sys-

tem of food safety management until 1st of January
2006 when it has to be applied to all food operators.
The main change in the law relates to food safety
management systems, i.e. risk based methodologies
to ensure the safety of food. Successful implementa-
tions of the procedures based on the HACCP prin-

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17 juna 2009. na Tari

AUTHORS: Peter Raspor, peter.raspor@bf.uni-lj.si, Biotechnical Faculty, Food Science and Technology Department, Jamnikarjeva 10;
Mojca, Jevsnik, Faculty of Health Sciences, Department of Sanitary Engineering, Poljanska 26a, University of Ljubljana,1000

Ljubljana, Slovenia.
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ciples are requiring the full cooperation and com-
mitment of food business employees. To this end,
employees should undergo training.

A major problem that still remains is the em-
ployees’ fully acceptance of prerequisite programs
(PRP) and HACCP system, especially in small and
medium-sized (SMEs) food businesses. Many aut-
hors discuss about barriers or hindrances which have
impact to the effective implementation of HACCP
in SMEs (Vela and Fernandez, 2003; Walker et al.,
2003; Taylor and Taylor, 2004a; Taylor and Taylor,
2004b; Hennroid and Sneed, 2004; Azanza and
Zamora-Luna, 2005; Bas et al., 2005; Hielm et al.,
2006). Among the key ones, Walker et al. (2003)
mentioned lack of expertise and perception of bene-
fits, absence of legal requirements, various attitude
barriers and financial constrains. According to Hielm
et al. (2006) most difficulties were established in
devising the own-checking plan/HACCP plan the
most common answers were choosing the critical
control points, committing the firm’s entire work-
force and organising the documentation of monitor-
ed results. One of the major problems is that the
food workers often lack interest and they often have
a negative attitude toward food safety programs
(Griffith, 2000).

It is obvious that the food represents one of
major problems in current world, beside health
and environmental problems. We can expect this
trend to continue in the future. Development of
new techniques and methods will definitely help
us to reduce (avoid) certain hazards and maintain
the quality of life, but we should not forget basic
principles of nature (Raspor & Jevsnik, 2008).

Food safety management and personnel

The acceptance of food safety systems has put
employee training under the microscope (Collis,
2002). Under the personnel programme of HACCP,
employees must be trained in such areas as food
safety, manufacturing controls and personnel hygiene.
Once HACCP plans have been established, employees
must be trained to manage any critical control
points (CCPs). Though numerous companies have
developed documented and implemented training
programmes, few understand why employee training
is important, what their training requirements are, or
how to assess the effectiveness of in-house training
programmes. So far most publications about HACCP
training have described what should be done, but little
has been written about effectiveness of such training
and how to motivate employees to follow all food
safety requirements. Food business operators have to
engage with these issues in their own way, as every

company has its own specific means of ensuring
safety. HACCP has been described as a philosophy
in theory and a tool in practice (Gilling et al., 2001)
and cited by Bryan (1981) »lt should therefore come
as no surprise that there can be different opinions on
how it should be applied« HACCP problems are a
complex mix of managerial, technical and behavioral
issues requiring specific remedies (Gilling, 2001).
By taking a psychological approach and utilizing
practical experience and a theoretical knowledge of
HACCEP, Gilling et al. (2001) identified 11 key barri-
ers and organized them around knowledge, attitude
and behavior framework. The proposed Behavioral
Adherence Model therefore acts as a diagnostic tool,
identifying progressive stages to successful HACCP
guideline adherence. They emphasized that the model
should be of significant help to those offering advice
and guidance to food operators undertaking HACCP
implementation; a problem which has considerable
influence on acceptance of introduced “new” food
safety system especially when it begun were the way
of presenting HACCP and qualification of trainers.
Mortimore and Smith (1998) mentioned that many
trainers had been willing to provide HACCP training
without considering the scope (what had to be taught
and what need not) and the depth of coverage. They
also described that there was a wide disparity in con-
tent and quality between courses. Moreover, several
authors suggested that most managers in food indu-
stry have limited understanding of the global food
safety strategy (Ehiri et al., 1995; Mortimore and
Smith, 1998; Khandke and Mayes, 1998; Williams
et al., 2003). MacAuslan (2003) cited Aston (2001)
who wrote that the majority of food businesses do not
have satisfactory training policies for all their staff.
He emphasized that too much reliance is being placed
upon attaining a certificate rather than attention is paid
to achieving competency in food hygiene practice. He
suggested that more emphasis and resources need to
be diverted towards assisting managers to become
highly motivated food hygiene managers who deve-
lop and maintain a food safety culture within their
business. A small business owner may be tempted
to place the burden of training responsibility on an
external employer and not shoulder any responsibility
towards themselves. Upon MacAuslan (2003) the
problem can have two sides; firstly, the employer lacks
key management skills in leadership, motivation,
training and evaluation and secondly, going for a
certificate course as it is the “done thing”.

Personal as main food safety factor

Factors, which have a significant impact on
employers’ behavior, are correlated with organisa-

2
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tional climate in the company, level of job satisfacti-
on and labor conditions and with relations between
employees. Marolt and Gomiscek (2005) described
a new management approach to employees, which
stimulates employees to be initiative, to learn, to
devote to company, to self-confidence, to higher
efficiency and better team-work; that all contribute
to higher successfulness and effectiveness of the
organisation. They emphasized a function of leader-
ship, which plays a key role in realisation of the
new principles into practical work and thus can
significantly contribute to better usage of existing
resources. A leader should, with his leadership
function, persuade the employees to fulfill their
needs and desires by effective working and should
enable them to use their potentials and by doing so,
to contribute and to achieve the goals of a team and
an organisation. It would be ideal if people would be
motivated to such level, so they would not work just
because they have to, but would work with eagerness
and with trust. Skills of a successful leader motiva-
tion, communication, improvement and introduction
of modifications are also mentioned (Cernetic, 2001;
Marolt and Gomiscek, 2005). In review on history
of motivational research and theory Latham and
Ernst (2006) summarised that psychologists now
know the importance of (1) taking into account a
person’s needs (Maslow’s need hierarchy theory,
Hackman and Oldham’s job characteristics theory),
(2) creating a job environment that is likely to fa-
cilitate self-motivation (Herzberg’s job enrichment
theory, Hackman and Oldham’s job characteristics
theory), and (3) ways to directly modify, that is
to directly increase or decrease another person’s
behavior by administering environmental reinforces
and punishers contingent upon a person’s response
(Skinner’s contingency theory). They also stress the
importance on attaining employees’ goals, then they
not only feel satisfied, they generalise their positive
affect to the task (Locke and Latham, 1990). Jannadi
(1995) emphasized that workers are the ones who
carry out the work in a company, and they can be an
important factor in making the company profitable
or bankrupt. Human behavior is very important, and
it is difficult to control, so handling people requires
situational leadership. Hazards can not be solved and
eliminated just through engineering control. They
also need to be recognized by employees who will
minimize their effects (Jannadi, 1995).

For efficient food safety management, Jevsnik
et al. (2007) suggested that food business operators
follow the model of “Four elements analysis” for
efficient hygiene-technical situation management in
food-processing plants. The model includes equally
important elements, where every individual element

requires competent and trained person’s involve-
ment. Model’s benefit is exposure of human factor
in food safety assurance. The first element includes
current hygiene-technical estimation in food-pro-
cessing plant. Hygiene-technical deficiencies and/
or irregularities have to be analyzed and plan of
improvements has to be made. The second element
includes establishing of hygiene basics, so called
prerequisite programs, which are the basic for
HACCP system establishment — a tool for food
safety management. The third element includes
planning and execution of periodical training and
education, adapted to specific work tasks, for em-
ployees of all the food hygiene levels. The fourth
element rests on employees’ knowledge during
food handling checking and on responsible person’s
opinion regarding involvement of individual worker
in specific work task. This demands professionally
trained, competent person, who possess adequate
technical and pedagogical knowledge, practical ex-
periences and knowledge from human resource ma-
nagement. The various techniques and methods of
training involvement and control of work process
performance are required as well. By last, fourth,
element, a human factor as risk for food safety
assurance has been pointed out. In the future an equal
discussion for human risk factor as for the other risk
factors in production processes (biological, chemical
and physical) is suggested. Based on the results of
the research it is determined that hygiene education
and individual awareness are the most important
tools for food safety assurance, that’s why every food
handler requires a complex and individual dealing.
The human factor must be discussed equally like all
the other risk factors such as hygiene, technical and
technological factors. For food safety it is essential
that every link in food supply chain understands and
fulfils his responsibilities and relies upon the previous
and the next step in a chain (Jevsnik et al., 2007).

< > 1
4
Control Hygiene technical

estimation
Key element
Employees work
satisfaction
3 2

Education, PRP
training @ HACCEP system
Scheme 1. “Four elements analysis” model for
HACCEP system effectiveness

Shema 1. Model “Cetiri elementa” za efektivnost
HACCP sistema
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Personnel management and education

Human resource management and education
of food safety managers in food premises has not
captured the strong attention of researchers until
recently (Jevsnik et al., 2008). Strict performance
of working procedures in accordance with HACCP
system principles and food hygiene is essential
for food related diseases prevention and efficient
safe food assurance. To achieve this purpose two
basic conditions: (1) suitable working environment
from the hygienic — technical point of view and (2)
motivated, satisfied and qualified personnel must
be assured. It is interesting that many understand
HACCEP system as a novelty, when in fact it is about
more complete approach to food safety assurance as
stated by Ehiri et al. (1995). HACCP system assures
more structured surveillance over determined ha-
zards as was the case with the usual classical type
of surveillance. Hazards and corrective actions are
not something new. What is new is how separate
activities and procedures are logically ranged. The
approach is multidisciplinary. It requires personal
responsibility, document and record control and ra-
pid action when non-conformities are discovered.
It enables traceability as well. Its greatest ability
lies in responding to changes as well as in enabling
continuous checking and efficiency confirmation. It
brings changes in thinking, organising, managing,
education and training at all levels, from employers
to employees (Likar et al., 2001; Likar and Jev-
Snik, 2004). The system becomes efficient when
understandable to employees and when the re-
sponsible ones perform their duties. Then the re-
quirements of the system are not considered as
irrational, unnecessary and additional burden, but
as desire for continuous improvement of one’s own
work. That is why the training from top management
to all employees is crucial for food safety. Bryan
(1988) predicted that in the future the number of
HACCEP principles would increase from seven to ten
or more. The ninth HACCP principle, according to
him, would be education and training, which is now
being incorporated into the existing principles or
other related guidelines. If routine-work employees
do not understand the significance of hazards asso-
ciated with food safety well enough, this may hinder
a successful implementation of preventive and con-
trol actions.

Legislative changes in 2004 demand that now
all food premises must provide food hygiene train-
ing appropriate for the work activities of their staff
(Regulation, 2004). The results of our study showed
as well that training carried out by company experts
and by supervisors directly in working place is the

most efficient one. Mortlock et al. (2000) suggested
that it is also important to recognize that whilst for-
mal training might ensure greater consistency and
quality (Manning, 1994), improper training could
present a greater risk to food safety than no train-
ing at all. In a study by Cohen et al. (2001) they
analyzed the impact of an in-house food sanita-
tion training program on the performance of a
catering company. They concluded that for fully
effective sanitation program, it must be taken into
consideration the different environments and cir-
cumstances in which the departments operate. It is
very important that those performing a training have
suitable food safety knowledge as well as skills in
pedagogical — andragogical field. Those people
have to be competent experts in their field so that
adequate knowledge and skills can be passed on
to the employees A problem lies in SMEs, where
owners of a company are usually at the same time
responsible persons for food safety programs, which
includes training as well. Because lack of time or
poor knowledge such trainings are not carried out as
intended by the Law. The results of our study show
poor knowledge about microbiological hazards and
their control among employees in retail, catering and
food production units. MacAuslan (2003) stressed
the importance on helping managers to understand
what is expected of them and giving them a support
in managing effective food hygiene. He pointed out
that too much reliance has been placed upon certi-
ficates and not enough on the competence. According
to his opinion this is defined as the ability of an
individual to demonstrate the activities within their
workplace, or to function to the standards expected
in a food business.

The purpose of internal surveillance is to iden-
tify specific hazards, in particular company and then
to establish a strategy of efficient control or succe-
ssive elimination of hazards as stated by Jevsnik et
al. (2008).

Owners or managers must, besides equal eco-
nomic growth of a company, take care of human
resource management as well. A positive motivatio-
nal atmosphere in working environment significant-
ly contributes to higher productivity, employees’
loyalty and to general good feeling in workplace. The
results of work satisfaction elements carry important
messages for companies’ management. In the three
studied food units food production employees are
the least satisfied in workplace and the most satisfied
ones are employees in catering. A low score of
employees in food production units regarding their
opinion and suggestion consideration, rewarding for
good work, wages, work conditions and promotion
possibility must be stressed out. All that weakens

4
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motivation and satisfaction in workplace as well as
reduce a number of those, who perform their work
well. Food safety assurance stands between two strong
poles, which have to be balanced to achieve global
food safety. The first pole is system requirements,
namely flexible, faultless, which requires in forms
of strategies, not directives. The second pole is work
performance and a person in all his uniqueness his
knowledge, qualification, working in a group and
consciousness. A company’s management should be
aware that a quality and safe products is a result of
an immediate performer, who should be paid full of
many-sided attention to (Jevsnik et al., 2008).

Strict performance of working procedures
in accordance with HACCP system principles and
food hygiene is essential for food related diseases
prevention and efficient safe food assurance. A no-
vel food safety concepts for safe food separate ac-
tivities and procedures in logically ranged. The
approach is multidisciplinary. It requires personal
responsibility, document and record control and
rapid action when non-conformities are discovered.
It enables traceability as well. Its greatest ability
lies in responding to changes as well as in enabling
continuous checking and efficiency confirmation. It
brings changes in thinking, organizing, managing,
education and training at all levels, from employers
to employees (Likar et al., 2001; Likar and Jevsnik,
2004; Jevsnik et al., 2008).

Current limitations in food safety
management

In most Small Enterprises (SE) there are area
limitations and they are not constructive-technical
suitable for performing food related activities (Bas
et al., 2006, Jevsnik et al., 2007). In small plants
technical and hygiene conditions for hand washing
were estimated as inadequate and worrying. Un-ne-
gligible share of (14%) small plants does not meet
even minimal hygiene-technical requirements for
food handling (e.g. wash-hand basin is missing or is
not installed properly — enables cross contamination
between high and low risk area; unsuitable and worn
out materials do not enable efficient sanitation and
maintenance etc.). Aarnisalo et al. (2006) summari-
ze the results of many studies which have shown
that food processing equipment could be a source of
contamination, e.g. Listeria monocytogenes. Hygie-
ne problems in equipment are caused when micro-
organisms become attached to the surfaces and
survive on them and later become detached from
them contaminating the product (Aarnisalo et al.,
2006). In some of Medium Enterprises (MEs) as

well as in some of small sized ones the wash-hand
basins installation does not prevent cross contamina-
tion between high and low risk areas. Hygienic
equipment of basins is inadequate mainly in SEs,
since in more than a third of (39%) plants necessary
hygienic equipment by the basins was missing (e.g.
liquid soap, paper towels). In regulation (EC) No
852/2004 it is stated that an adequate number of
hand-wash basins is to be available, suitably located
and designated for cleaning hands. Washbasins for
cleaning hands are to be provided with hot and cold
running water, materials for cleaning hands and for
hygienic drying. Where necessary, the facilities for
washing food are to be separated from the hand
washing facility (Regulation, 2004).

By observing employees during their work,
the fact that most of workers in both groups do not
wash their hands after performing any dirty work
(e.g. when changing between high ad low risk phase
of work, after packaging handling etc.) or do not
wash hands properly (e.g. they do not use liquid
soap, negligent hand washing technique etc.), was
determined. It was concluded that employees do not
understand the meaning of proper hand washing and
are not aware of microbiological hazards that can
occur due to dirty hands. The causes for the latter
can be found among insufficient hygiene training,
negligent, insufficient employees’ knowledge and/
or inefficient control by supervisors. (Jevsnik et al.,
2007)

Microorganisms are always present on hands,
because they are a part of normal microflora, but
nevertheless in food production and trade the presen-
ce of some of bacteria is not allowed. In the research
for bacteriological analyses of hands a blood agar
plates were used, which enable quick estimation of
hygiene condition in the selected plants. In further
analyses selective growth medium would be used
only for not allowed bacteria, which show hygienic
status of food-processing plants. Bacteria from em-
ployees’ hands have grown from some to 100 and
more (on an individual hand). It was determined that
on right hands there were less microorganisms than
on left hands. If studying an individual person in the
most of the cases can be seen that in the same person
has either low or high bacteria count on both hands.
Therefore it may be wise to take swabs from workers
hands more frequently and communicate the results.
That could be a motivation for better hand hygiene
at work. However, as shown in previous studies of
food handlers” beliefs and self-reported practices
(Clayton et al., 2002), food handlers were aware of
the food safety behaviors they should be carrying
out, but 63% of respondents admitted that they did
not always carry out these behaviors. Food handlers
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also reported carrying out food safety practices,
particularly hand washing, much more frequently
than they actually implemented them (Manning and
Snider, 1993). This suggests that food handlers could
be carrying out food safety practices less frequently
than the self-reported data implies (Clayton et al.,
2002). Shojaei et al. (2006) cited that many authors
emphasized that hands of food handlers are an
important vehicle of food cross-contamination and
that improved personal hygiene and scrupulous hand
washing would lead to the basic control of faces-
-to-hand-to-mouth spread of potentially pathogenic
transient micro-organisms. Lues and Van Tonder
(2007) summarize results of several studies where
it was established that various bacteria, among ot-
hers Staphylococcus aureus, Escherichia coli and
Salmonella sp., survive on hands and surfaces for
hours or even days after initial contact with the
micro-organisms.

Every person working in a food-handling area
is to maintain a high degree of personal cleanliness
and is to wear suitable, clean and, where necessary,
protective clothing (Regulation, 2004). It was deter-
mined that personal hygiene is significantly poorer
in SEs than in MEs. More than a third (36%) of
workers in SEs did not wear clean and suitable
overalls, more than half (52%) performed work
with no head-covering. The cause of the problem
contributing to the stated results in SEs is lack of
control by trained and responsible persons. Workers
are to a large extent left on theirs own, beside that
the owners do not provide necessary means for
the safe food handling. In MEs situation regarding
personal hygiene is better (Jevsnik et al., 2007). In
most of MEs there is responsible person authorized
by management, who is responsible for hygiene and
has required professional education. A periodical
training for workers is performed in accordance with
a plan and work performance us checked daily. The
main problem identified among food handlers in Ss
is related to the fact that they receive no specific or
insufficient knowledge about food hygiene.

Knowledge and training for working according
to HACCP system were estimated by prior designed
questions. By asking a question: “How do you re-
cord temperatures in cooling appliances and during
heat treatment?” it was determined that in 12% SEs
and in 20% of MEs temperatures were registered in
advance and for the past (Jevsnik et al., 2007). From
the results it is concluded that the majority of work-
ers follow work instructions, but are not familiar with
or do not understand why that is necessary and are
not aware of hazards in case of hygiene violations
and un-fulfillment of the requirements. This finding
was consistent with the findings of Panisello et al.,

1999, Ramirez Vela and Martin Fernandez, 2003,
Yapp and Fairman, 2006, where they established
that smaller companies may lack knowledge and
expertise in HACCP and appropriate resources to
obtain knowledge, both resulting in insufficient un-
derstanding of functions of HACCP principles. It
was established that education and training is not
efficient mainly in SEs, since it is carried out by in-
competent persons without suitable professional and
pedagogical knowledge. Yapp and Fairman (2006)
pointed out that in some cases SMEs do not rea-
lize that they are breaking the law and often do not
understand what is required of them. It is particular-
ly evident when recording parameters according to
HACCEP plan. It was determined that documentation
regarding prerequisite programs in both types of food
enterprises isincomplete, but in SEs the situation is
worse. Mitchell (1998) stated that the HACCP plan
is sometimes a »paper exercise« that overburdens
the need of SMEs and it is not implemented in pra-
ctice.

With regulation (EC) No 852/2004 the re-
sponsibilities for food safety lays entirety on food
business operators, which means that operators
are responsible for education and training of their
employees as well (Regulation, 2004).

It is still a question which training type will
prove to be more effective in the future. Irrespective
of that, the most important fact, according to Seaman
and Eves (2007), is that the training will only lead
to an improvement in food safety if the knowledge
imparted leads to desired changes in behavior in
the workplace. For conscientious hygiene it is not
important in which enterprise people work, but de-
pends upon hygiene awareness and education of an
individual person.

Novel Solutions in food safety management

As Raspor stated in 2008, food safety is a
result of several factors: legislation should lay down
minimum hygiene requirements; official controls
should be in place to check food business operators’
compliance and food business operators should
establish and operate food safety programmes and
procedures. In theory it seems that we manage food
safety completely, but practical experiences show
some deviations. For that reason we have to proceed
to new solutions which are based on synthesis of
all relevant key factors included in food supply
chain. One of possibility is to link all relevant Good
practices in good nutritional practice (Fig 1.), as it
was published recently (Raspor, 2008; Raspor and
Jevsnik, 2008).
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Figure 1. Food safety platform: balanced model for ensuring food safety from Good
Nutritional Practice viewpoint (Raspor and Jevsnik, 2008; with Permission of CRC)
Slika 1. Platforma bezbednosti hrane: balansirani model za osiguranje bezbednosti hrane sa gledista
dobre nutricionisticke prakse (Raspor i Jevsnik, 2008; sa dozvolom CRC)

Today we master food safety with different
good practices which are the consequence of human
culture, history and lifestyle. If we analyse good
practices in the broad spectre of food area we could
arrange them in three categories. First category
of good practices is directly connected with food
technology (i.e. Good Manufacturing Practice -
GMP). Second category is indirectly connected with
food issues (i.e. Good Research Practice - GRP,
Good Educational Practice - GEP, Good Training
Practice - GTrP). Third category deals with all the
activities regarding consumers’ food handling (Good
Housekeeping Practice - GHKP). Consumers are not
connected to food supply chain according to chain
principles.

However, it has been shown that present ma-
intenance of food safety in food supply chain can
be easily broken down, because of different kind
of barriers or simple misunderstanding. Therefore
a new approach called “Good Nutritional Practice”
(GNP) was coined to manage food safety (Raspor

2008, Raspor and Jevsnik, 2008). It is important to
reconstruct the existent food safety system with GNP,
which includes consumers, and is based on a model
that covers subsystems from other good practices.

New techniques for reducing pathogen conta-
mination in meat and poultry are entering meat
processing field every day. It is hard to cope with
all novelties since is not always totally clear what is
really new and what is just improvement of existing
technique or protocol. The compilations done by
different author or authorities around the globe are
trying to solve this issue. However such information
can provide a reference for processors worldwide
searching for better ways to improve food safety
in their plants. The new technologies have to bring
significant improvements to the safety of meat and
poultry. In recent years new technology has been
defined as new, or new applications of equipment,
substances, methods, processes, or procedures affect-
ing the slaughter of livestock and poultry or proces-
sing of meat, poultry, or egg products.
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General believes that increased public and in-
dustry awareness of the new technologies being used
could further promote their use, by small and very
small plants in particular, towards improving the
safety of meat, poultry, and egg products. The new
technologies listed should be viewed as information
of current state of the art.

master of its particular area and will trust in activity
of both previous and following link in the food sa-
fety circle »from farm to table«, not ignoring con-
sumer as the one who should be aware of potential
risks, proper handling and preparation of food for
safe and balanced everyday meal (Raspor and Jev-
snik, 2008).

Table 1: Selection of new/ novel technologies and Protocols to improve meat safety
Tabela 1. Odabir novih tehnologija i Protokola za unapredenje bezbednosti mesa

Application of Sodium Metasilicate on Raw Beef Carcasses as an Anti-microbial Processing Aid.

Chemical

cabinet.

Hyperchlorinated (<200 ppm) solution applied to beef hide surfaces utilizing a washing/rinsing

Chemical

water.

Use of, a bromine-based biocide, as an effective poultry carcass antimicrobial when used in poultry
chiller water in poultry processing plants at a level up to 100 ppm available bromine in the supply

Chemical

Use of up to 5% lactic acids on hot beef carcasses.

Chemical

processing) in poultry processing.

Use of acidified sodium chlorite antimicrobial solutions as processing aids on i) pre- or post-chill
poultry or red meat carcasses, carcass parts, trim or organs, or; ii) on processed, comminuted or
formed meat products, in meat and poultry establishments pre-chill for COP (continuous-online-

Chemical

control of Listeria monocytogenes.

Ozone wash system using aqueous ozone on ready-to-eat (RTE) meat and poultry products for

Chemical

the supply water.

Use of a bromine-based biocide, as an effective poultry carcass antimicrobial when used in poultry
chillers and/or inside-outside bird washers (IOBW) at a level up to 100 ppm available bromine in

Chemical

Cryovac Barrier Foam Tray/ LID551P Tray/Lid peelable barrier package with carbon monoxide as a
component of a low oxygen modified atmosphere package (MAP) system.

Combination

High Pressure Processing (HPP) as a post-lethality, post-packaging intervention method for Listeria
monocytogenes contamination in ready-to-eat foods such as deli sliced meats. HPP uses pressures
up to 87,000 psi to inactivate pathogens and spoilage organisms throughout the product package.

Physical

food contact surfaces.

Germicidal UVC light systems and equipment for surface decontamination of food products and

Physical

Listeria in RTE products.

Infra-Red Grill is a radiant oven used as a pre-package surface pasteurization for the control of

Physical

Aquaflow Water Pasteurizer used as a post-package surface pasteurization system either alone
or in combination with the Infra-Red Grill system (radiant oven used for pre-package surface
pasteurization)for the control of Listeria in RTE products.

Physical

video camera.

Video Food Safety Technology is a non-intrusive imaging system, which identifies organic
contamination on meat and other surfaces utilizing a portable device similar in size and weight to a

Video

Carcass Inspection System (CIS) is a non-intrusive imaging system which identifies organic
contamination in real-time on full carcass (beef) sides on the rail within a slaughter plant.

Video

Also we can ignore effort of ISO 22000 which
is planed to harmonise various standards which we
have today in different supply chains today and they
have few aim.

Global food safety will be achieved only than,
when every single link in the food chain will entirely
(in its indoor and outdoor environment) become

Conclusion

Meat, as one of the most sensitive industries
regarding microbial contamination in food supply
chain, deserves all this attention and we need to
bring new skills to practice to manage food safety
from farm to the fork.The aim of this short review
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was to evaluate and compare the few food safety
issues which are relevant for meat industry, namely
food safety knowledge in practice, employee attitude
toward food safety and employee work satisfaction
and diversification of the systems connected to
meat processing industry. It has to be stressed that
all this elements are very complex, in particular
when one understand high fluctuation of workers
in meat industry. Their knowledge and awareness
is constantly unnourished, due to fast regulatory
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TRACKING AND TRACING IN THE MEAT AREA*

Schwiigele F., Andrée Sabine

ADbstract: At pan-European level there is a need for traceability systems that gives information on origin, processing,
retailing and final destination of foodstuffs. Such systems shall enhance consumer confidence in food, enable the regulatory
authorities to identify and to withdraw health hazardous and non-consumable foodstuffs from the market. Animal feed is an
element in this “‘food-to-farm” approach to public health. Such feedstuffs are preliminary elements of some foods for human
consumption, and hence are an inherent element of the food chain.

A harmonised pan-European food traceability protocol would greatly assist authorities in detecting fraud as well as
dangerous substances. The food chain comprises a range of sequential and parallel stages bridging the full spectrum from
primary production to the consumable foodstuffs. EU legislation on traceability and the technologies needed to implement this
system for poultry and poultry products are the focus of this paper.

Key words: tracking, tracing, food, feed, meat, meat products, poultry, poultry meat

Pracenje i sledljivost u oblasti proizvodnje mesa

S a d r % a j: Postoji potreba na evropskom nivou za uvodenje sistema sledljivosti koji pruza informacije o poreklu,
preradi, maloprodaji i konacnom odredistu namirnica. Ovakvi sistemi bi pojacali poverenje potrosaca u hranu, omogucili
nadleznima da identifikuju i odstrane sa trZista namirnice koje su neupotrebljive i Stetne po zdravlje. Hrana za Zivotinje je
takode jedan od elemenata u ovom ,,0d njive do trpeze * pristupu javnom zdravlju. Ona je preliminarni element odredene vrste
hrane za ljudsku upotrebu i kao takva je inherentni element lanca ishrane.

Harmonizovani, panevropski protokol za sledljivost hrane bi mnogo pomogao nadleznima u otkrivanju prevara, kao
i opasnih supstancija. Lanac ishrane obuhvata niz sekvencijalnih i paralelnih nivoa koji povezuju ceo spektar pocevsi od
primarne proizvodnje do namirnica namenjenih ishrani. U fokusu ovog rada je zakonodavstvo EU o sledljivosti i tehnologijama
neophodnim kako bi se ovaj sistem implementirao u oblasti uzgoja Zivine i Zivinskih proizvoda.

Kljuéne redi: sledljivost, pracenje, hrana, hrana za Zivotinje, meso, proizvodi od mesa, Zivina, Zivinsko meso.

1. Introduction

Until the end of the year 2004 food and feed
business operators had to conform to the traceability
directives demanded by their customers along the
entire chain. Large retailers in Europe like Aldi,
Lidl, Real, Metro, and Marks and Spencer were very
rigorous in their criteria for traceability. But, from
1 January 2005, the new EU regulations mandate
that all food and feed business operators be legally
bound to have traceability systems, even when their
customers do not require it.

The General Food Law, i.e. Regulation (EC)
178 (2002) of the European Parliament and the
Council published on 28 January 2002:

i) outlines the general principles and requi-

rements of food law,

i) establishes the European Food Safety Au-

thority and

iii) provides procedures in matter of food safety,
i.e. among other things the implementation
of traceability systems in the food and feed
supply chains in Europe.

Article 18 of the regulation referring to tra-
ceability is effective since 1 January 2005. The fol-
lowing describes the details of the EU legislation on
traceability and summarises possibilities for tracing
and tracking of poultry and poultry products.

2. European legislation on traceability

Article 18 of Regulation (EC) 178 (2002) refers
to traceability and consists of five major points:

1. The traceability of food, feed, food-produc-
ing animals, and any other substance intended to
be, or expected to be, incorporated into a food or
feed shall be established at all stages of production,
processing and distribution.

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17 juna 2009. na Tari

AUTHORS: Fredi Schwégele, fredi.schwaegele@mri.bund.de, Sabine Andrée, Max Rubner-Institut, Federal Research Institute for Nutrition
and Food — Location Kulmbach, Analysis Division, E.-C.-Baumann-Strasse 20, D-95326 Kulmbach, Germany
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2. Food and feed business operators shall be
able to identify any person from whom they have
been supplied with a food, a feed, a food-producing
animal, or any substance intended to be, or expected
to be, incorporated into a food or feed. To this end,
such operators shall have in place systems and pro-
cedures, which allow for this information to be made
available to the competent authorities on demand.

3. Food and feed business operators shall have
in place systems and procedures to identify the
other businesses to which their products have been
supplied. This information shall be made available
to the competent authorities on demand.

4. Food or feed which is placed on the market
or is likely to be placed on the market in the Commu-
nity shall be adequately labelled or identified to faci-
litate its traceability, through relevant documenta-
tion or information in accordance with the relevant
requirements of more specific provisions.

5. Provisions for the purpose of applying the
requirements of this Article in respect of specific
sectors may be adopted in accordance with the pro-
cedure laid down in Article 58, paragraph 2, referring
to Committee and Mediation Procedures.

In particular, Article 58, paragraph 2 of the
above Regulation (EC) 178 (2002) says: Where

will immediately initiate procedures to withdraw
the food/feed in question from the market where
the food/feed has left the immediate control of that
initial food/feed business operator and inform the
competent authorities thereof.

2.1 Traceability along the full supply chain

The General Food Law covers the entire supply
chain [Regulation (EC) 178 (2002), Article 18,
paragraph 1]. In order to be able to trace products
and retrieve related information, producers must
collect information and keep track of products dur-
ing all stages of production (primary production,
processing, distribution, retailing, and consumpti-
on). Therefore, traceability can be divided into two
key functions, tracking and tracing (Fig. 1). Tracking
can be defined as the ability to follow the path of
an item as it moves downstream through the supply
chain from the beginning to the end. Tracing is the
ability to identify the origin of an item or group
of items, through records, upstream in the supply
chain (Schwégele, 2005). Methodologies for the
analyses of the food and feed materials combined
with information technology systems are essential to
deliver a working tracking and tracing system.

Tracking = Provision of Information Downstream

| [Tracking |

Primary
Producer

Processing
Company

Distributor

Retail Consumer

Tracing

Tracing = Provision of Information Upstream

Figure 1. Tracking and tracing along the food chain
Slika 1. Pracenje i sledljivost u lancu ishrane

reference is made to this paragraph, the procedure
laid down in Article 5 of Decision (EC) 468 (1999)
dealing with regulatory measures shall apply, in
compliance with Articles 7 and 8 thereof.

Articles 19 and 20 of Regulation (EC) 178
(2002) cover the responsibilities of food and feed
business operators respectively and state that, if an
operator considers, or has reason to believe that a
food/feed which they have imported, produced, pro-
cessed, manufactured or distributed is not in compli-
ance with the food/feed safety requirement, they

Previously it was sufficient for a processor to
be able to identify the source of an ingredient; now
the processor is obliged to ensure that the food pro-
ducts meet the requirements of the Food Law. This
implies that the source of all ingredients can be trac-
ed and a processor must therefore be able to prove
that his supplier can provide full traceability.

If any problem is suspected, tracking must
go as far as the consumer. Traceability applies to
everything that contributes to food safety, including
packaging, closures, seals, jars, etc. Traceability also

12
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covers everything that happens to the products befo-
re, during and after the manufacturing, packaging,
and distribution. This involves ingredients, proces-
ses, test and test results, environment (temperature,
time, humidity), resources used (people, machines,
knives), transport methods, timescales, etc.

2.2 Implications for food processors

A number of implications exist for food pro-
cessors, which they will ignore on their peril: more
data will have to be recorded on different levels.
Who will do this and how will this be done? Data
have to be kept for extended periods of time. The-
refore, storage and accessibility have to be taken into
consideration. Gathered data have to be linked for
traceability and have to be highly accurate, as a data
error could result in a whole consignment of products
being recalled unnecessarily or even lead to a factory
shutdown. Data have to be collected and stored
quickly. Food processors cannot afford to let data

enquiries through highly integrated traceable data
will be required. Food processors must have tho-
roughly tested proven, infallible systems.

3. Tracking and tracing in the meat area

There are several technologies available that
can detect certain characteristics of (or elements in)
foodstuffs derived from animal tissue. Some of these
technologies can be used to make definite inferences
regarding the foodstuft’s origin or history, while
others can only be used to confirm the presence of
specific components.

With respect to tracking and tracing along the
full supply chain, for instance in the case of poultry
and poultry products (Fig. 2.), the following aspects
are of importance. They shall, if possible, give infor-
mation on poultry species, origin, authenticity, age,
composition and production systems (including
feed).

10.0 chill storage
11.0 retail

whole animals
parts
processed products
| precooked dishes

| combustion

1.0 fresh laid eggs

T waste from slaughter poultry meat (products)
9.0 transport

meat-and-bone meal
producer <

'
7.0 transport

3.0. transport
fryer hatching eggs
mash fledgelings
compolun? feed 6.0 fattening 4.0. hatchery
plan (Broiler)
T 5.0. transport

| straight feeding stuff |

processing
cutting 2.0. handling
8.0 slaughter within brood
stock facility

According to: Geflugelmast in Deutschland; Georg von Bittner und Hans-Wilhelm Windhorst;
WeiRe Reihe; Band 24; 2005
Figure 2. Generic poultry production chain (according to: von Bittner, Windhorst, 2005)
Slika 2. Opsta Sema lanca Zivinske proizvodnje (prema Fon Bittner, Windhorst, 2005)

3.1. Species identification — protein, fatty acids and

collecting affect their production costs. All of this DNA based methods

has to be achieved at the lowest cost possible. Food

processors cannot rely on paper records, systems
that are not linked together or manual data entry.
Automated data logging is the only possible option.
Food processors will need integrated traceability
data through production, storage, selling and quali-
ty control. Systems designed to provide instant trace

It is necessary to have reliable methods, which
allow a fast and unequivocal identification of poultry
species. Potential analytical targets proved to be pro-
teins, DNA or lipids.
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3.1.1 Protein based methods

Proteins (enzymes, myoglobin, etc.) have been
widely used as animal species markers. Applicable
techniques include separation of water-soluble pro-
teins by starch, polyacrylamide and agarose gel
electrophoresis (Cowie, 1968; Mackie, 1980) or
isoelectric focusing (IEF) (Hofimann, 1986; Jemmi
and Schlosser, 1993). Highly resolved water-so-
luble protein patterns can be used to differentiate
genetically close-related animal species (Hofmann
and Bliichel, 1986). However, the mentioned gel
electrophoretical methods proved to be not practical
and reliable for species identification in composed
poultry products consisting of mixtures of different
poultry species (Hofmann, 1997).

Immunological techniques like Western-Blot-
ting (Schwdgele, 2001) and a specific type of enzy-
me immuno assay (EIA), the so called “enzyme
linked immuno sorbent assay” (ELISA) (Schwdgele,
2001) performed on the solid surface of microwell
plates are using suitable target proteins for analysis.
A qualitative detection of animal species is possible
and the limit of detection depends upon their content
in meat products (pork < 1 %; poultry (in general)
and beef < 2%; sheep <5 %).

Proteomics can be used to try to differentiate
species, breeds, and varieties by their specific pro-
tein pattern (Meketowa, Abbas-Hawks, Vorhees and
Hadfield, 2003).

3.1.2 Lipid based methods

Lipid components and fatty acids can serve as
target substances for animal species identification.
The percentage of the composition between saturat-
ed, monounsaturated and polyunsaturated fatty acids
is a possible animal species marker, which can be
determined by means of gas chromatography (GC)
or gas chromatography coupled with mass spectros-
copy (GC-MS). However, analytical practice shows
that this method is tainted with large variations
leading to less reliable results in single species
identification and furthermore in composed meat
products consisting of mixtures of different animal
species. (Honikel, Gempel and Schwdgele, 2002).

3.1.3 DNA based methods

In recent years, DNA analytical techniques
have been applied to food research and food control.
The first DNA tests for species identification in
foods were performed using specific DNA probes
in hybridisation assays (Chikuni, Ozutsumi, Koishi-
kawa and Kato, 1990; Wintero, Thomsen and Davi-
es, 1990). Polymerase Chain Reaction (PCR) has
been developed into a key technology for species

identification in foods and feeds (Saiki, Gelfand,
Stoffel, Scharf, Higuchi, Horn, Mullis, and Erlich,
1988). PCR-RFLP (restriction fragment length poly-
morphism) has been used for the species identificati-
on of food relevant animals and plants (Meyer,
Hofelein, Liithy and Candrian (1995); Verkaar,
Boutaga, Nijman and Lenstra, 2001).

Random amplified polymorphic DNA-PCR
(RAPD-PCR) as well as assays based on single
strand conformation pattern (SSCP) were developed
for species and variety-specific identification of
different animals and plants (Kaemmer, Afza, Wei-
sing, Kahl and Novak, 1992; Rehbein et al., 1999;
Weder, 2002). Many species-specific PCR systems
have been described for animal and plant species
(Behrens, Unthan, Brinkmann, Buchholz and Latus,
1999; Kingombe, Liithi, Schlosser, Howald, Kuhn
and Jemmi, 2001; Altmann, Binke and Schwdgele,
2004). Even in foods that have been produced un-
der severe processing conditions (e.g. sterilisation)
DNA techniques are effective. The limit of detection
is usually < 0.1 %, but is dependent upon the PCR
method (Schwdgele, 2003). Recently a PCR method
was developed for authentification of the most
common poultry species in very complex samples
with high sensitivity (Stirtzel, Andrée, Seu3-Baum
& Schwigele, 2007; Fig. 3).

Species identification and quantification can
also be performed using real time PCR (Wurz, Bluth,

E
—
=
—
==
<

17283 D S s <910

Figure 3. Detection of guinea fowl in commercially
available meat-products using the primer system for
guinea fowl; 1: marker pBR322, 2; quail terrine, 3:
pheasant terrine, 4: guinea fowl terrine, 5: goose a
I’Orange, 6: muscovy duck savoury, 7: turkey-
-Gelbwurst, 8: poultry-wiener, 9: pig, 10: NTC
Slika 3. Detekcija prisustva gvinejske peradi u
komercijalnim proizvodima od mesa koris¢enjem
prajmer sistema za gvinejsku perad: 1: marker
pBR322, 2; prepelica; 3. fazan; 4. gvinejska perad;
5. guske; 6. Moskovi patka; 7. ¢urka Gelbwurst;
8. zivinska kobasica; 9. svinja; 10. NTC
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Zeltz, Pfeifer and Willmund R., 1999). In general,
these techniques are more developed and reliable for
the quantification of genetically modified organisms
(Pdpping, 2001) than for natural animal or plant
species (Binke, Altmann, Fischer, Miiller and Schwd-
gele, 2004; Binke, Altmann and Schwdgele, 2003).

DNA sequence information can be used for
species identification. The development of modern
molecular biological techniques, including various
sequencing techniques, has led to a large number of
DNA sequences. Unfortunately, not all of them are
available in the various DNA databases. For species
identification, the mitochondrial DNA (mtDNA)
is the most widely used target molecule. The main
reason to use mtDNA for this kind of analysis is the
availability of numerous sequences in databases and
the high genetic variability of mtDNA, which allows
sophisticated primer design for sequencing. DNA
sequencing is theoretically the most informative and
precise technique but requires samples consisting
only of a single species. Sequencing allows species
identification without reference material, if the ge-
nerated sequence is available in a database. The
technique also has been named FINS (Forensically
Informative Nucleotide Sequencing; Bartlett and
Davidson, 1992).

3.2 Authenticity, geographical origin and detection
of fraud

To ensure authenticity as well as geographical
origin and to detect fraud in the area of meat and
meat products the above-mentioned electrophoretic,
chromatographic, and molecular biological methods
combined with other chemical and physical proce
dures can be very effectively applied to traceability
as noted below.

1) Protected Designation of Origin (PDO)
PDO covers the term used to describe
foodstuffs, which are produced, processed,
and prepared in a given geographical area
using recognized methodology (Dinde de
Bresse; Parma ham, Jamon de Terual).

ii) Protected Geographical Indication (PGI)
This geographical link must cover at least
one of the stages of production, processing
or preparation. Furthermore the product can
benefit from a good reputation (Canard a
foie gras du Sud-Ouest; Pollo y Capo6n del
Prat; Schwarzwilder Schinken; Niirnberger
Bratwiirste; Thiiringer Rostbratwiirste).

iii) Certificate of Specific Character (CSC)
CSC means recognition of all member states
of the EU that a foodstuff possesses specific
characteristics, which distinguish it clearly

from similar products in the same category
(Miinchner WeiBwiirste; Salami Milanese).

3.2.1 NMR and MS based methods

Authentication strategies involving the use of
multi-isotopic parameters ( 2H, 1*C, 1°N, #0, *S and
¥7Sr) facilitated by increasingly rapid measurement
procedures present a complex analytical challenge
because of many compounding factors, such as im-
ported feed, origin of animal tissue, and metabolic
turnover of tissue-specific substances.

Stable isotope analyses are considered an ex-
cellent tool for origin assessment. The ratio *C/"*C
gives straightforward responses concerning the
primary photosynthetic metabolism of feed plants
(O’Leary, 1981), and the ratios of the stable isoto-
pes of oxygen ('*0O/'®0) and hydrogen (*H/'H) are
good indicators of environmental conditions e.g.
H,0 (Ziegler, Osmond, Stichler and Trimborn,
1976) and enables the tracing of the origin of ani-
mal material. The two main techniques used to
determine the isotope ratios of natural products are
isotope ratio mass spectrometry (IRMS) and site-
-specific natural isotope fractionation from nuclear
magnetic resonance (SNIF-NMR). NMR has the
advantage over IRMS in that the natural abundance
of ?H isotopomers may be precisely identified in
compounds and accurately quantified by SNIF-
-NMR (Martin and Martin, 1991), whereas IRMS
only gives a mean value of the deuterium content of
a given chemical species.

Both, low and high resolution NMR can be used
for the detection of plant species and genetically
modified plant or animal material in food, but
specific marker components must be isolated prior
to analysis.

The geographic origin of a foodstuff can affect
its composition and associated food-borne risks
to the “food-to-farm” chain. Also, less expensive
ingredients or components of dubious geographical
origin may be fraudulently included for monetary
gain. A need exists to develop a protocol enabling a
foodstuff’s geographic origin to be assessed. Techni-
ques can be used to “fingerprint” the geographic ori-
gins of certain plant and animal materials and these
methodologies can form part of a suite of traceability
tests (Polychroniadou and Vafopoulou, 1985). Geo-
graphical effects arise due to differences in the
geological origin of the soils, soil pH, anthropogenic
contaminants, atmospheric and climatic differences
and the interaction among certain trace elements.
Zoonoses risks can vary considerably from one
country to another (e.g. HSN1 risk in China >>
Germany). Trace element analysis by inductively
coupled plasma mass spectroscopy (ICP-MS) has
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been used to determine the geographic origin of
soils and plants (Anderson, Magnuson, Tschirgi and
Smith, 1999). Trace element signatures can be used
to identify the geographical provenance of a sample
because organisms accumulate in their tissues, from
the water, food and air, the elements available from
the environment where they live. Differences in the
isotope distributions of these trace elements among
different geographical locations give different “si-
gnatures” of isotopes in the organic tissues.

GC-MS and liquid chromatography in combi-
nation with mass spectroscopy (LC-MS) have been
successfully applied to the analysis of organic conta-
minants (PCBs, Dioxins, etc) in the origin of various
feed and food materials.

3.2.2 Infrared spectroscopy

Both near infrared (NIR) and mid infrared
(MIR) spectroscopy can be used for analysis of
the main components of foods as well as animal
feeds inclusive minerals and vitamins. Pires, Lemos
and Kessler (2001) demonstrated the potential of
NIR to measure the concentration of 11 vitamin
levels in poultry feeds. Garnsworthy, Wiseman and
Fegeros (2000) reported the application of NIR to
the prediction of chemical, nutritive, and agronomic
characteristics of wheat.

3.3 Traceability of production process and storage

To determine the “history of meat and meat
products” with respect to the production proces-
ses and changes occurring during storage, a num-
ber of technologies (DNA based methods; electro-
phoresis including capillary electrophoresis CE;
immunological methods; high pressure liquid chro-
matography HPLC including HPLC-MS; lipid bas-
ed methods GC, GC-MS, and GCxGC-MS; IR and
NMR spectroscopy; Electron Microscopy can be
used.

One of the most important but widely unresolv-
ed issues in food traceability is to quantify the degree
of batch mixing associated with a given blend of raw
materials. There is a need for considerable research
designed to address this issue.

The reliable use of “tracer substances” has to
be investigated since they can be used to augment
details concerning batch mixing (e.g. detection of
enzyme activities and proteomics serving as indi-
cators for the degree of sterilisation.). Tracers can be
endogenous (i.e. compounds present in the food due
to its make up or processing history) or purposely
added to facilitate detection. However, adding tra-
cers needs to be carefully considered as the tracer
must not be harmful to the end users and must comp-

ly with all legislative requirements. For example,
endogenous tracers can be used for fermented, Hun-
garian style salami, where possible tracer techniques
include testing for lipid degradation, lactic acid or
volatile components that occur during the ripening
process. In addition, holistic (i.e. measuring nearly
all compounds) analysis of all compounds in food
(metabolites and proteins) and multivariate statistics
can be used to characterise food. Characteristic
metabolite profiles of foodstuffs can be obtained
by holistic analytical methods (GC-MS, LC-MS,
and NMR). Bioinformatics can be used to deve-
lop models and identify clusters of compounds
correlating with certain production methods (organic
processing, conservation, etc) and ingredients. This
would allow the identification of new (endogenous)
markers for the production methods, origin and
others. If methods and tools developed especially
for metabolite analysis are available, other natural
tracers, such as specific isotopes, are not necessary
for this purpose. The same strategy could be applied
to proteins using techniques and tools developed for
proteomics.

In many cases it is possible to infer the degree
of sterilisation through certain indicators, such as the
degree of protein degradation or the degradation of a
marker added to the material prior to the sterilisation
step. The addition of tracers is a very powerful ad-
junct to normal traceability techniques.

Isaksson, Ellekjaer and Hildrum (1989) and
Ellekjaer and Isaksson (1992) concluded that NIR
could be used for determination of heat treatments in
the temperature range 50 to 85° C with an associated
prediction error of 2.0 to 2.1 K. Thyholt, Enersen
and Isaksson, (1998) described the use of NIR refie-
ctance spectroscopy to determine endpoint tempera-
ture in previously heated meat.

Despite the high costs and consumer concerns,
the number and quantity of foods being irradiated is
increasing steadily. Currently about 250,000 tons of
food are irradiated annually. In the USA and Europe
it is a requirement that irradiated food products must
be labelled. However, monitoring programs are in
place in only a few European countries.

One of the significant challenges to identify
irradiated food products is the different techniques
necessary to cover the entire spectrum of products.
Typical methods used include immunological me-
thods, comet assay, photon-stimulated luminescen-
ce, thermoluminescence, and electron spin resonan-
ce. However, only a limited number of laboratories
worldwide have the necessary capability for the
reliable determination of food irradiation.
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3.4 Cross contamination or carry over in food and
feed

In several food production facilities, ingredients
or raw materials are used that are known to have
allergenic properties in human, e.g. egg and milk
proteins. Subsequent processing of products using
the machines or transport facilities previously used
for allergen containing products, may lead to cross
contamination of allergens to products not intended
to contain these allergens. Manufacturers of food
products should therefore have a high awareness
of the risks of cross-contamination of allergenic
proteins during the production process of their
products. Knowledge of threshold levels for sen-
sitive patients, the use of specific ingredients, cle-
aning strategies, etc. is helpful to reduce unwanted
contamination with allergens. This information can
be used to identify (within a given level of tolerance)
the critical control points during processing and
the aspects to be monitored for the most effective
tracking information to be generated.

The same considerations apply to the manu-
facture of animal feeds formulated to contain anti-
biotics, coccidiostats and similar components. The
use of veterinary drugs within the European Union
is regulated by means of the Council Regulation
(EEC) No. 2377/90. The prohibition of the use of
growth promoting substances, such as hormones or
B-agonists, is established with Council Directives
No. 96/22/EC and 2003/74/EC. Since January, 1*
2006 according to Regulation (EC) No. 1831/2003
the use of antibiotic growth promoting substances
as additives for use in animal nutrition is forbidden.
However certain substances with coccidiostatic
and histomonostatic effects are still considered as
feed additives according to Regulation (EC) No.
1831/2003. If feed-mixing facilities are used to make
feed with and without veterinary drug pre-mixes
or feed additives, cross contamination is a distinct
possibility and appropriate controls are essential.

3.5 Application of biosensors

Immunosensors, based on the antibody antigen
recognition, are rapid, simple and sensitive methods
that have been developed for the measurement of
a wide range of target compounds such as bacteria
(Yersinia pestis), alpha-toxin, ricin, brevetoxin, oka-
daic acid (Vaughan, Geary, Pravda and Guilbault,
2003), pesticides such as atrazine (Schipper, Ra-
uchalles, Kooyman, Hock and Greve, 1998) and ve-
terinary drug residues (Baxter, O’ Connor, Haughey,
Crooks and Elliott, 1999). These techniques offer
considerable potential for traceability within the full
poultry chain.

The aim of immunosensors is to develop a sy-
stem capable of performing a single point determina-
tion without calibration between each measurement.
Various transduction systems, based on potentiome-
try (Khomutov, Zherdev, Dzantievan and Reshetilov,
1994), electrochemiluminescence (Marquette, Cou-
let and Blum, 1999) and chemiluminescence (Sam-
sonova, Baxter, Crooks, Small and Elliott, 2001)
have been used successfully.

Biosensors basically have two components,
biological or sensor molecules and a signal trans-
ducer. The biological component consists of an an-
tigen or antibody. The transducer detects the change
in one or more physicochemical properties of the
biological molecule. Increasing attention is being
paid to the development of immunobiosensors,
especially to assay clinical samples. This technology
uses novel biosensor techniques which can combine
very specific antibody—antigen interaction with very
sensitive signal transduction to enable faster, more
sensitive and reliable techniques, which can also be
applied to routine monitoring and quality control
protocols in the food chain.

The most commonly used biosensors are the
piezo electric (PZ) crystal, where the PZ crystal
oscillator can be used as a microbalance to detect a
change in mass of the crystal due to the formation of
antigen—antibody complex, thus permitting it to be
utilized as an immunobiosensor. Immunoelectrode
and optic fibre biosensors have been used for the
detection of Ivermectin in animal carcasses (Sam-
sonova, Baxter, Crooks, Small and Elliott, 2001).

3.6. Tracking technology

Electronic data management (Automatic Iden-
tification and Data Capture [AIDC]) plays an im-
portant role in improving operational efficiency and
accuracy of information handling in the “food to
farm” chain. Since there are no industry standards
for handling electronic data through out the com-
plete food chain, the use of the European Article
Numbering Association codes (EAN-UCC, 2002)
is proposed to improve data tracking. For successful
operation of this technology, the environment in
which it operates must be relatively clean and this is
not always achievable on the farm.

Technologies such as RFID (Radio Frequency
IDentification) overcome this problem by using radio
signals instead of line of sight for identification, and
can be integrated into a prototype recording system.
However, product identifiers (tags) are not currently
in widespread use, and are expensive in comparison
to the barcode. Matrix codes are 2D, but information
is stored by blanking out areas of a defined array,
rather than in bars. These codes are generally only
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used in specialist applications, including the marking
of very small components. Scanners can operate
with a 90% success rate where contamination levels
are kept below 10% and barcodes are kept clean and
undamaged. The performance of the laser scanner is
such thatany level of contamination will substantially
reduce read success rate. Studies undertaken by
Watts, Miller and Godwin (2003) indicate that the
RFID achieve successful reads over 98% of the time,
with unprotected and reused tags.

In electronic tracking and tracing systems,
EAN-UCC (2002) is universally accepted as an
identification and communication system that faci-
litates efficient global commerce and improves the
effectiveness of recording and exchanging informa-
tion between supply chain participants. The system
uniquely identifies products, locations, services and
assets and also includes a series of standard data
structures known as Application Identifiers (Als),
which allow secondary information about a product
such as batch, expiry and lot number to be encoded.

The EAN-UCC (2002) system consists of 3
components:

i) Identification Numbers - used to identify a
product, location, logistic unit, service or
asset.

ii) Data Carriers - the barcodes or radio frequen-
cy tags used to represent these numbers. The
data carriers vary according to the level of
information required or the space available.
For space-constrained products, the use of
reduced space symbology (RSS) barcode is
ideal. For traceability purposes, an EAN 128
barcode is used to encode the identification
and supplementary information relating to
an item.

iii) Electronic Messages - the means of conne-
cting the physical flow of goods with the
electronic flow of information. These tec-
hnologies have been used in meat traceabili-
ty, providing a robust tracking system for
most elements of the meat chain (Harmonis-
ed Electronic Data Interchange, HEDI).
Such electronic tracking systems play a key
role in food labelling.

3.7 Computer modelling and risk assessment

Computer modelling can be a powerful tool
to estimate the contamination and transmission
pathways for pathogens and food contaminants. It
can also help to assess the reliability and accuracy of
a decision tree, composed of a suite of test pathways.
Many epidemiological parameters have been esti-
mated using models where direct measurement is

almost impossible. Risk assessment modelling can
be used to help manage food chain risk and make
policy decisions regarding the safety of the food
chain from food-to-farm. Any food traceability
system requires associated risk assessment models
in order to evaluate the potential health risks to
humans and animals (Greiner, Mueller-Graf, Hiller,
Schrader, Gervelmeyer, Ellerbroek and Appel, 2007,
Serratosa, Ribo, Correia and Pittman, 2007). Stark,
Boyd and Mousing (2002) illustrated how available
information can be organised systematically within a
risk model and a quantitative decision support can be
provided quickly making optimal use of all available
information. Risk assessment methodologies are
being used increasingly to quantitatively assess risks
to human health imposed by the food chain.

4. Conclusions

Regulation (EC) 178 (2002):

1) stipulates that the delivery of safe food and
animal feed belongs to specific food and
feed producers,

ii) specifies that foodstuffs, animal feed and
feed ingredients must be traceable,

iii) includes clear procedures for developing
food law and dealing with emergencies,

iv) gives the European Commission new
powers to take emergency measures when
national authorities are unable to contain an
emerging food risk,

v) establishes the “Standing Committee on the
Food Chain and Animal Health, in the place
of three Standing Committees”, bringing
together Member States representatives
with important roles in decision-making on
food safety issues.

In the area of poultry and poultry products
there is a need for fast and reliable systems to
enable traceability along the full chain to provide
safe and high quality food for the consumer with
respect to origin and processing. Traceability cannot
only be considered as a request of the legislation
addressed to the food business operators (primary
production, processing, distribution, retailing, and
consumption); moreover it has to be their very
own interest in terms of product liability to find
practicable ways to implement the new regulation.
Within the 5" and 6™ framework program, the
European Commission has funded various research
and development projects such as [MOLSPEC-ID
(2004); ENOSEFOODMICRODETECT (2003);
QUALITYLOWINPUTFOOD (2005); ENTRANS-
FOOD (2003); XChain (2006)] dealing with tracea-
bility along the food chain.
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STATE-OF-THE- ART OF THE INVESTIGATIONS
IN THE FIELD OF QUALITY AND SAFETY

CONTROL OF MEAT RAW MATERIALS AND MEAT

PRODUCTS IN RUSSIA*

Lisitsyn A. B.

Abstract: Safety and quality of food products, including meat products, is an urgent problem now and will continue
to be such in the near future.

Due to this fact, many countries developed novel systems for ensuring food safety and quality. Russia has developed
“Complex system of safety and quality control of foods” that is based on the utilisation of: hurdle technologies, HACCP system,
prediction microbiology, system of complex continuous monitoring of technological flow including the system of distribution of

transport flows and the system of production management.

The All-Russian Meat research Institute (VNIIMP), in the last couple of years performs more complete and reliable
safety and quality controls of meat within the complex system. It developed new standards for detection and identification of
L. monocytogenes, investigated the possibilities of utilisation of natural spices mixtures that lowers the danger of occurrence
of L. monocytogenes in meat products; defined new antioxidants, introduced new technological procedures for increasing the
shelf-life of packaged meat and meat products; defined critical control points for HACCP application in slaughterlines and
in meat processing facilities; defined and introduced into practice the system of voluntary HACCP-meat certification in meat
industry; the Institute conducts Monitoring programme of toxic substances in meat and meat products; it developed and applied
histological method of product components identification, applied electronic nose system (VOC meter) for determination of
freshness and meat species, developed the production of kits and primers for PCR methods.

Research and development programmes ensure that meat production and control systems are maintained in accordance
with contemporary achievements in science and needs for efficient consumers protection.

Key words: safety, quality, methods, investigations, freshness, meat species

Savremena ispitivanja na polju kvaliteta i kontrole bezbednosti mesnih sirovina i proizvoda
od mesa u Rusiji

Sadrzaj: Bezbednost i kvalitet hrane, ukljucujuci i proizvode od mesa, je sada, veoma aktuelan problem, a ocekuje se
da ce tako biti i u bliskoj buducnosti.

Zbog toga su mnoge zemlje, ili njihove grupacije, razradile nove sisteme za osiguranje bezbednosti i trazenog kvaliteta
hrane. U Rusiji je razraden “Kompleksan sistem za kontrolu bezbednosti i trazenog kvaliteta hrane”, koji je baziran na
koriscenju: tehnologije prepreka, HACCP-a, mikrobioloskih predvidanja, kontinuiranog monitoringa tehnoloskog procesa,
ukljucujudi transport, distribuciju i nacine upravljanja proizvodnjom.

Sve-ruski naucno-istrazivacki institut industrije mesa (VNIIMP) poslednjih godina, radi potpunije kontrole i osiguranja
pouzdanije bezbednosti i kvaliteta mesa, u okviru kompletnog sistema, izradio je nove standarde za detekciju i identifikaciju
L. monocytogenes, izucio mogucnost koriséenja smesa prirodnih zacina koje smanjuju opasnost od pojave ove vrste bakterija
u proizvodima od mesa; definisao nove antioksidanse; uveo nove tehnoloske postupke za produzenje odrzivosti upakovanog
mesa i pojedinih proizvoda od mesa; definisao kontrole kriticne tacke za primenu HACCP-a na linijama klanja i prerade mesa;
razradio i, u praksu, uveo sistem dobrovoljne ,, HACCP-meat sertification u pogonima industrije mesa, sprovodi monitoring
program kontrole toksicnih supstanci u mesu i proizvodima od mesa; razradio, i kroz, monitoring primenio histoloski metod
identifikacije komponenata sastava proizvoda; za odredivanje svezine i vrsta mesa primenio sistem (VOCmeter) elektronskog
nosa i za koriséenje PCR-a metoda obezbedio proizvodnju potrebnih kitova i prajmera.

Istrazivacki i razvojni programi su i dalje usmereni da se sistemi proizvodnje i kontrole mesa i proizvoda od mesa,
odrzavaju u skladu sa aktuelnim dostignucima nauke i potrebama efikasne zastite potrosaca.

Kljuéne reci: bezbednost, kvalitet, metode, ispitivanje, sveZina, vrste mesa

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17 juna 2009. na Tari

AUTHOR: A.B. Lisitsyn, GNU the V.M. Gorbatov All-Russian Meat Research Institute, Talalihina 26, 109316, Moscow, Rusia.
AUTOR: A.B. Lisitsin, Sveruski naucnoistrazivacki institut industrije mesa, VNIIMP, Gorbatova Roselholcakademi, Talalihina 26, 109316,
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Introduction

Safety and quality of food products, including
meat products, is an urgent problem now and will
continue to be such in the near future (Lisicin et al.
1997).

The incidence of foodborne diseases has in-
creased in the world. Integration between countries
and globalization of food trade have led to changes
in the existing systems of production and distribution
of food products. This will create conditions, when
both the known and new foodborne diseases can de-
velop (Lisicin et al. 2008).

In the Russian Federation the quality and safety
requirements for foods are stated in a number of
laws: “On quality and safety of foods”, “On protecti-
on of consumers’ rights”, “On technical regulation”.
Their main task is protection of consumers by en-
suring high level of food products’ safety (Lisicin
and Veselova 2004).

The world practice shows that safety of foods
can be ensured only through the control of produ-
ction on the scheme “from field to table”. It is
already recognized that control should be provided
on every stage of food chain — from the production
of initial raw materials to final treatment, because
there can always be situations when potentially dan-
gerous substances for human health can enter to
foods (Lisicin et al. 1997).

During last decades, the scientists from the V.M.
Gorbatov All-Russian Meat research Institute have
paid special attention to these problems, connected
with harmonization of exothrophic chain - from pro-
duction of meat products to their marketing (Lisicin
et al. 1997). We base our work on extension of our
knowledge about technological adequacy of meat raw
materials, monitoring the production of safe and high
quality products, optimization and ecologization of
component composition of the product, using food
nutrients, meeting the requirements of food quality,
safety and dietetics. At the same time we develop new
and improve the existing methods for raw materials
treatment, ensuring safety and sanitary welfare of
final product; we also work on the development of the
methods for the determination of quality and safety
indicators of meat raw materials and products.

A practical solution to this problem would be
a COMPLEX SYSTEM OF SAFETY AND QUA-
LITY CONTROL OF FOODS in Russia, based
upon the use of: hurdle technologies, HACCP sys-
tem, prediction microbiology, system of complex
continuous monitoring of technological flows, inclu-
ding the system of distribution of transport flows and
the system of production management (Lisicin et al.
2008).

Within the frame of this system, scientific in-
vestigations in VNIIMP are carried out in all five
directions: scientific approaches, methodical and le-
gal basis and the tools for introduction of this sys-
tem at meat plants. Traceability system of the whole
process of raising domestic animals and raw mate-
rials technological processing is studied and put into
practical use.

No doubt, it is the prevention of different di-
seases of domestic animals that is the main factor of
safety of food products, and the main challenge for
sanitary microbiology is detection and monitoring of
pathogens posing threat to safety of the product.

Most pathogens, veterinarians fight now with,
have been known for a long time. Salmonella, pa-
thogenic staphylococci, botulism agents, Coli group
of bacteria have been for a long time associated with
foodborne diseases. However, of special concern is
the appearance of new pathogenic strains and, fre-
quency, of cases when the known microorganisms
can be found in new, non-typical products for them.
One can not explain yet why pathogens are capable
to spread all over the world very quickly (Lisicin et
al. 2002).

For example, Listeria. Until recently, there was
the opinion that mainly the animals catch listeriosis.
And, if in the past Listeria were found only in some
regions, now the cases of detection of pathogenic
Listeria are registered all over the world, from New
Zealand to the USA (Lisicin et al. 2008). Listeriosis
is a disease, dangerous for humans, because mortality
is 30-40% from the number of infected people, and
the damage from this infection is much higher than
from other infections.

Scientists from VNIIMP, together with workers
from 8 research centers of the Academy of Medical
Science, have created a national system of safety
assurance and control of food products for the pre-
sence of the agent of Listeriosis; also the standard
GOST P 51921-2002 has been developed -“Food
products. Methods of detection and determination
of bacteria L. monocytogenes” (Lisicin and Veselova
2004).

Sanitary stability of the product, as well as its
safety is based upon combination of factors, or as
they are also called — hurdles. One of such hurdles is
biopreservation, whose position among the methods
and techniques of quality preservation of products
becomes stronger (Lisicin et al. 2008).

Spices can also be considered as one of the bio-
preservatives or non-traditional methods of products
treatment to preserve their sanitary welfare. Thus, in
the investigation of the curing process and influence
of the main recipe mixtures of spices on viability of
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Listeria, it was found that such spices, as cardamom,
coriander and nutmeg, at 0.005%, reduce viability
of Listeria 10-fold, and adding garlic emulsion in
the same concentrations reduces viability of Listeria
100-fold (Fig.1).

sausages at high positive temperatures using the
additional hurdles, preventing their spoilage (Lisicin
et al. 2007).

The results of the investigations have shown
that, in case of similar level of such hurdles, as initial

Figure 1. Dependence of viability of Listeria monocytogenes (serovar %2 b) from added spices
Slika 1. Zavisnost viabilnosti Listeria monocytogenes (servoar 1/2b) od dodatih zacina

Antioxidant activity of dihidroquercetin (DHQ)
in thermally treated and non-treated meat products
was also studied, and a possibility of increase of
its activity as an antioxidant was proved. The effi-
cient doses of dihidroquercetin were determined
for mechanically separated poultry meat, which is
subjected to oxidative spoilage to the most extent
(Lisicin et al. 2008).

The investigations have shown that in the sam-
ple with dihidroquercetin, at 0.02% to the mass of
the raw materials, hydrolytic and oxidative changes
occurred 3-fold slower, as compared to the control
group (without DHQ). Study of genotoxicity of di-
hidroquercetin by the “DNA-comet” method at its
dosage of 1.5 and 150 mg/kg, demonstrated its sa-
fety.

Comparative evaluation of natural antioxidants,
including monomer DHQ, has allowed ranging
them by their antioxidant properties as follows: for
fat products (on the example of raw fat) — DHQ>
tocopherol> rosemary extract> tea catechins; for
products with high moisture content (>70%) (on the
example of MSPM) — DHQ> rosemary extract > tea
catechins > tocopherols.

Based on the study of solubility and stability
of DHQ in solutions, a possibility of creation of
commercial form of DHQ for meat industry as a so-
lution containing 2-5% DHQ and 2-5% of ascorbic
acid was established.

To develop technologies of cooked and smoked
sausages, not requiring cold storage, VNIIMP spe-
cialists were studying keepability of cooked-smoked

count of microorganisms, sodium nitrite content and
pH value, changes in thermal treatment of sausages
(reducing the time of smoking and elimination of
secondary smoking) to increase the final product
yield will lead to changes in the content of salt,
moisture and water activity. This will result in
reduction of their hurdle effect to the levels that will
not ensure stable storage of sausages, even at low
positive temperatures (2-6°C).

The studies have shown that the introduction
of additional hurdles into technology — vacuum pac-
kaging and additional thermal treatment (72-76°C
during 15 minutes) — will increase shelf life of
cooked-smoked sausages, manufactured according
to the proposed recipes, to 25 days at 18-20°C,
instead of 3 days (Fig.2).

Further investigations will include the study
of the influence of thermal treatment conditions,
different doses of food additives with hurdle effect
on quality and safety of cooked-smoked sausages
in storage at high positive temperatures to increase
their shelf life up to 45-50 days.

One of the approaches to the prevention of
foodborne diseases and for safety of products is the
use of HACCP system, which has been functioning
at food plants of EC countries for many years (Lisicin
et al. 2008).

The investigations carried out at the Institute
will allow producers to reveal critical control points
in production of different meat products, which
should be controlled for removal of risk factors
or elimination to minimum a possibility of their
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Figure 2. Change in the count of microorganisms
in the experimental samples of cooked-smoked
sausages during storage at 18-20°C
Slika 2. Promena broja mikroorganizama u
eksperimentalnim uzorcima kuvano-dimljenih
kobasica tokom skladiStenja na 18-20°C

occurrence and also to compose a list of the most
frequent non-conformities at meat plants.

Analysis of production chain for sausage pro-
ducts was carried out, beginning from raw materials
supply and finishing with laboratory investigation of
final products.

The obtained data suggest that frozen raw ma-
terials, supplied in sides, had larger microbial load

in cartons, which significantly reduced the possibi-
lity of additional contamination of the raw mate-
rials.

The obtained results show that the first link of
the internal traceability - laboratory control of in-
coming raw materials - is an important component
of safety management of foods, because knowledge
of the extent of microbial contamination of raw ma-
terials allows managing logistics of the warehouse
more efficiently and thus helps preventing non-
-conformities with regards to the biologically dan-
gerous factor at the initial stage of technological
process.

Besides, the amount of microbial contamination
of the casings, both artificial (polyamide), and na-
tural, were investigated, as well as spices, wash-outs
of the hands of workers and equipment.

The results of the investigations have shown
that adoption of a system of monitoring and traceabi-
lity of hazards at the plant will allow a more efficient
management of technological process and control
safety of produced foods.

At the All-Russian Meat Research Institute
the System of voluntary certification HACCP-ME-
AT has been developed and registered. It provides
for the development of the system of safety and
quality management at a meat plant as applicable
to the specifics of meat industry plants of Russia.
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Figure 3. Average total plate count in sides
Slika 3. Prosecan ukupni broj mikroorganizama u mesu

(Fig. 3) than those in blocks. One can suppose that
during transportation and unloading/loading of si-
des and quarters their surface was not protected
from the contact with the environment, while the
meat in blocks was first packed in film and then

A Methodical Center has been established and
functioning at the Institute, which renders consul-
tancy to meat industry plants with regards to the
development, implementation and preparation for
certification of quality management system and
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products safety assurance on HACCP principles
(Lisicin et al. 2008).

At present, there are more than 15 certified
meat plants in this system: in Noginsk, Obninsk,
Tcherepovets, Yoshkar-Ola, Borisov, etc.

Based on the principles of traceability, the sci-
entists of the Institute are developing the system of
complex monitoring and control of toxic substances
content in meat products. In the North-Caucasus
region of RF a data bank is being created with the
analysis of toxic substances content in organs and
tissues of slaughter animals; dynamics of their accu-
mulation is determined, and critical control points of
toxic substances in organs and tissues of farm ani-
mals and poultry are indicated. Comparison of data
(Table 1) of 2008 with the results of the investigati-
ons, carried out in 1986-89 has shown, that content of
toxic substances in farm animals during last 20 years
has increased on average by 3.5-4 times (Lisicin et
al. 2002).

Thus, monitoring of composition of cooked
sausages “Doctorskaya”, “Molochnaya”, and “Rus-
skaya” for 2008 supposedly manufactured according
to GOST, was carried out by histological method of
identification of meat products composition (Lisicin
et al. 2008). It demonstrated that the share of plants,
whose products contain large amounts of one or
several not allowed additives, constituted more
than 66.5% of the total number of the monitored
plants. The percentage of plants which don’t use the
additives, not allowed by GOST at all, is only 3,5%
(to compare: in 2006 - 24%, in 2007 — 11%).

Use of instrumental methods — multi-sensory
system “Electronic nose” - allowed developing the
methods for the evaluation of freshness of pork,
showing also good prospects for the determination
of species of meat on “VOCmeter (Germany), which
is intended for conducting quality and quantity eva-
luation of gas mixtures (Cernuha et al. 2008). The
scientists of the Institute have determined the regi-

Table 1. Content of residues of harmful substances in pigs’ organisms
Tabela 1. Sadrzaj rezidua Stetnih supstanci kod svinja

Name Contents, mg/kg

Krasnodar region Rostov region Lipetsk region

(the highest values) Unfavorable zone Unfavorable zone

1986-1989. (2007-2008) (2007-2008)

Pb Cd [Cu |Zn |Pb Cd [Cu |Zn |Pb Cd [Cu |Zn
Muscle tissue | 0.02 | 0.01 |0.8 33.8 [0.18 |0.01 |7.1 176 [0.16 |0.03 |12 |6.5
Liver 0.06 (0.1 92 (634 |05 0.079 | 15.6 |50.2 |0.17 |0.03 |3.5 12.5
Heart 0.02 [0.01 |42 |21.3 |0.46 |0.087|18.1 |[56.4 [0.23 |0.02 |8 29.1
Kidneys 0.11 [0.75 |3.9 |243 [098 |0.047 |17.5 |52.3 |0.26 |0.045|74 |33.5

The situation relating to quality control and
safety of foods has became more acute with sharply
increased import of food products. According to the
Federal Customs Service, in the period January-
-November 2008, the value of import of raw mate-
rials and food products to Russia constituted
US$31.9 blns., which is 30.5% more, than in the
corresponding period of 2007 (US$24.4 blns.).

Development of the method of identification and
detection of adulteration of raw materials and foods,
and also the control over observation of scientifically
based recipes and determination of raw materials
composition are great challenges in Russia now.

Specialists of the Institute have developed
GOST R 51604 “Meat and meat products. Identi-
fication of the composition by histological method,”
which makes possible identification of animal and
plant components in the raw materials used in the
manufacture of meat products (Hvilja and Parsen-
kova 2006).

ons of points in coordinate system of the instrument,
characteristic of the samples “fresh”, “doubtfully
fresh” and “not fresh”, and of the meat of different
animals: beef, pork, chicken meat, turkey, ostrich,
deer meat (Fig.4).

The other method, which has good prospects
for the determination of species of the tissues of
animal and plant origin in the meat raw materials
and meat products, is the method of polymerase-
chain reaction, which allows revealing the species
of meat even in minor quantity, including thermally
treated meat products.

Specialists of the Institute have conducted in-
vestigations on the determination of nucleotide sequ-
ence, based on which synthesis of species specific
primers to the fragments of DNA of animal and
plant origin (beef, pork, chicken meat, turkey meat
and soya) has been accomplished. Study of species
composition of meat raw materials and meat pro-
ducts of foreign and domestic origin has shown that

tehnologija mesa 50 (2009) 1-2, 21-27

25



Lisitsyn A. B.

Figure 4. Use of multi-sensory system for the determination of meat species: 1 — pork; 2 — beef; 3 — chicken
meat; 4- fish; 5 — mutton; 6 — deer meat; 7 — ostrich meat; 8 — turkey
Slika 4. Koris¢enje multisenzornog sistema za odredivanje vrste mesa: 1 — svinjsko meso; 2 — govede meso;
3 — pile¢e meso; 4 — riba; 5 — ovéije meso; 6 — meso jelena; 7 — meso noja; 8 — meso ¢uraka.

the raw materials of 18% of the studied samples by
their raw materials composition did not correspond
to the information, indicated on the label.

Production of pig meat is on the increase in
Russia at the present time, and production of chilled
meat is of great interest due to its best quality traits.
Chilled, aged meat with temperature from 0 to
4°C in the core has tender consistency, juiciness,
pronounced flavor and aroma more intensive than
of defrosted meat. Such meat is better for digestion,
and it is more suitable for the manufacture of half-
prepared products in pieces.

In Russia, chilled meat is delivered to meat-
processing plants mainly in cuts, their shelf life at 0
... -1°C is 10 days, and in sides — 12-16 days, while
chilled meat delivered to Russia from abroad, for
example from Argentina, can be stored during 90
days, and from Brazil — 120 days,

At the present time VNIIMP studies changes
in sanitary-microbiological indices of chilled pork
(boneless, bone-in) during long-term storage. The
studied dynamics of changes of microorganisms
count in deep layers of meat has shown that mi-
croflora penetrated into deep layers of meat from its
surface, and this primarily related to motile forms of
bacteria (Fig.5).

After the first day of chilling there was no
microflora in deep layers of muscular tissue. Up
to12-15 days of storage deep layers of cuts turned
to be sterile. During further storage changes in
microbiological state were found in deep layers of
muscle tissue: the number of lactic acid bacteria
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Figure 5. Changes in sanitary-microbiological
indicators of chilled pork during long-term storage
Slika 5. Promene sanitarno-mikrobioloskih
indikatora u ohladenom svinjskom mesu tokom
dugotrajnog skladistenja

(LAB) and the index of total plate count increased.
However, Coli group of bacteria, sulfite-reducing
Clostridia, yeast, microorganisms of genera Sal-
monella, Listeria were not found in deep layers of
cuts of chilled pork, stored under vacuum throughout
all the period of investigations (up to 35 days). The
obtained data will be used for the development
of reference values in microbiological control of
vacuum-packed meat cuts during long shelf life
periods.

The future of meat science is the development
of the methods of safety and quality improvement of
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meat. It is necessary to combine knowledge about
the processes taking place on molecular and cell
levels, with our knowledge about the live organism
on the whole, to understand more clearly the
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MEAT AND MEAT PRODUCTS - HAZARDS
AND RISK - NORWEGIAN STRATEGIES AND

EXPERIENCES*

Alvseike, O.

A bstract In general, Norway benefits from a low incidence rates of most zoonoses. This results mainly from
systematic work and collaboration between authorities and private stakeholders for more than 100 years. The approaches
have varied dependent of the hazards addressed and the risk they represent. Globalization and free trade challenge established
systems. In Norway, the consequences have been delayed by the protection from import fees. Hopefully, we will be able to
develop balanced risk based strategies that provide the consumers with thrust in their food supply.

Key words: zoonoses hazards, risk, meat, Norway

Meso i proizvodi od mesa — opasnosti i rizik — strategije i iskustva Norveske

S adrzaj: Uopsteno govoreci, Norveska je u prednosti s obzirom na nizak stepen pojavljivanja najcesée prisutnih
zoonoza. Ovo je pretezno rezultat sistematskog rada i saradnje izmedu vlasti i privatnih stocara koja se odvija vise od sto
godina. Pristupi ovom problemu se razlikuju u zavisnosti od vrste rizika sa kojima se suo¢avamo i mogucih posledica. Moze
se reci da su globalizacija i izazovi slobodne trgovine uticali na uspostavijane sistema. U Norveskoj, posledice su odlozene
zastitom od uvoznih dazbina. Nadamo se da cemo uspeti da razvijemo balansiranu strategiju rizika koja ce obezbediti povere-

nje potrosaca u snabdevanju hranom.

Kljucne reci: zoonoze, opasnosti, rizik, meso, Norveska

Introduction

Food security (enough food) is the most prima-
ry need for a human being. The ability to collect and
store food was the keystone of the first civilizations
on Earth. Grains in Mesopotamia and Egypt, rice
in China and corn, squash and beans in Southern
America (Diamond, 1997).

The first Norwegian animal health decree was
proclaimed in 1732 to protect the country from rin-
derpest, an epidemic causing ravages to European
livestock populations in those days: “Decree, that in
Denmark and Norway no kind of Livestock, Meat,
Hide, or Hair from Livestock from foreign Places shall
be imported; due to Livestock: IlIness in Poland”.

A law giving powers to ban the import of live
animals was passed in 1854 (Sandvik, 1992). The re-
strictions to import of animal products would have a
reducing effect on several zoonoses too, but food sa-
fety was not seriously addressed in Norwegian laws
until 1860 with the first “Health law”. The concept
of food safety is rather modern, and has gradually

been developed the latest centuries due to increased
scientific knowledge, improved economies and an
increased time to worry. Earlier, man was concerned
for the food for tomorrow, today the vast majority in
Europe is concerned by the foods wholesomeness,
palatability, price, etc.

The Codex alimentarius definition of a hazard
is “a biological, chemical or physical agent in, or
condition of, food with the potential to cause an ad-
verse health effect”, and furthermore risk is defined
as “a function of the probability of an adverse health
effect and the severity of that effect, consequential to
a hazard in food”.

In 1892 meat inspection was introduced in
Norway, according to the methods of the German
scientist Ostertag. In practice, this hazard oriented
approximation has been the core strategy up to day.
Critics have argued for 30 years that the official
meat inspection is targeted at diseases that no
longer threaten the Norwegian public health, like
tuberculosis and trikinosis, i.e the strategy is not risk
based as important pathogens, like Campylobacter,

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTHOR: Ole Alvseike, ole.alvseike@animalia.no, Animalia — Norwegian Meat & Poultry Research Centre, Postboks 396 Okern, 0513

OSLO, Norway.
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Salmonella and Toxoplasma are ignored by the
classical approach alone (Nesbakken et al, 1996).

The meat inspection legislation today, based
on the EEA/EU-directives, is also based on an os-
tertagian philosophy, even though the Hygiene pack-
age opens carefully for customization to national
risk levels. However, demands to authorization,
facilities, labeling, GHP, HACCP, surveillance and
control have added important dimensions to improve
meat safety. Still meat- borne disease occurs and
question is: What is an appropriate response?

In general, Norway benefits from a low inci-
dence rates of most zoonoses (Nesbakken et al 1996).
The aim of this paper is to give a brief overview of
Norwegian experiences and strategies against meat
associated hazards and the risk they represent.

Discussion

To obtain safe meat one has to apply preventive
measures in many dimensions. Some are given from
Nature, some are cultural and others are biologically
targeted.

Geography and climate

Geography has been important factor to protect
the country from epidemics. The North Sea and Ska-
gerak have been efficient obstacles for many con-
tagious diseases from the European continent. Also
the Baltic Sea has protected both Sweden and Norway,
and along the border to Sweden, Finland and Russia,
it is mainly woods, mountains or artic conditions with
low density of both animals and humans.

Climate has also been important for some di-
seases like vector-borne infections and some para-
sitic infections. However, the cold climate is in ge-
neral not regarded that important for most bacterial
zoonoses. Febris undulans (Brucella mellitensis) is
an exception, and yersinosis (Yersinia enterocoliti-
ca) may be an example that seems to occur more
frequent in cold climates.

Infrastructure and organization

Infrastructure and organization are results of hi-
story and culture. The Scandinavian countries have
benefited from relative stable political conditions.
Norwegians thrust their authorities and the agricul-
tural private sector is thoroughly organized and re-
gulated. The basic idea is that food safety and conta-
gious diseases are not a national competitive element
and that the control measures should be made and
financed to a large extent in common. However, a
sound livestock is a very important competitive
advantage for export of genes and live animals.

The Norwegian combats of diseases have bene-
fited from collaboration between the authorities and
private stakeholders. The trend of private responsi-
bility for food safety and animal health standards
may undermine the situation in the future, if the
farmers’ organizations and the industry are not able
to coordinate or finance common actions and obtain
confidence among the producers and companies.

Norwegian Food Authority has become consi-
derably consumer oriented in few years. Then ex-
pensive Utopian demands, like zero-risk level, so-
metimes replace balanced risk management. The pa-
radox is that unrealistic demands may out-compete
national production that has achieved a very high
level, for imports from countries in a less favourable
epidemiological situation.

Norwegian herds have traditionally been small,
but are now increasing significantly. Herd size has
been regarded an important factor for prevalence of
infectious diseases. Infections depend on infective
and a critical number of susceptible individuals. If
the group size is below a critical number, the infec-
tion will burn out (endemic fade-out) (Anderson et al,
1991). The effect of increased herd size on zoonotic
incidences in Norway remains to be documented.

Feed control

The importance of animal feed has been terribly
underlined the last decades by serious food scandals
in Europe. Chemical contamination from e.g. dioxins
and cadmium has raised great concern about the
European food chain. The BSE and vCJD, caused
by a transmissible protein, has not directly affected
Norway. No cases of BSE or vCJD have been de-
tected in spite of substantial testing according to the
EU schemes. Status is due to decisions made by a
former chief veterinary officer, Olav Sandvik, who
banned the use of bone meal originating from the
same species and the fat extraction method applied
from the 80’ies, e.g. in Britain. The decisions were
based on the precautionary principle that here could
be simplified to “cannibalism is dangerous” and that
it is important to apply measures that break cycles of
transmissible agents. Norway is still the only country
in the lowest risk group in Western Europe (Hogasen
et al, 2007; Skjerve et al, 1996).

A pandemic like salmonellosis due to S. Enteri-
tidis in layer hens has not established in Norway. This
is probably due to strictly organised egg production
systems and control regimes for concentrate feed.
Also, infections due to S. Typhimurium and other
serovars are seldom aquired from domestic animals
and products thereof. The most likely preventive
factor is again control regimes of concentrate feed.
A significant proportion of protein feed is imported
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and different salmonella serovars are isolated regu-
larly from raw feed. The concentrate feed undergoes
mandatory heat treatment and the positive effect on
feed hygiene seems obvious.

Control measures on farm and in industry

Import restrictions of livestock and animal
product have been the rule of thumb since 1732 to
1995. Norway has for centuries been dependant of
import calories, i.e. grains. After the 2" World War
the policy has been 50 % self supply. However,
animal food products, like milk and meat, have been
protected by law and import duties. In 1995, The
WTO Agreement on the Application of Sanitary and
Phytosanitary Measures (SPS Agreement) ended the
ban of import principle: “Reaffirming that no Mem-
ber should be prevented from adopting or enforcing
measures necessary to protect human, animal or
plant life or health, subject to the requirement that
these measures are not applied in a manner which
would constitute a means of arbitrary or unjustifiable
discrimination between Members where the same
conditions prevail or a disguised restriction on in-
ternational trade.” Since then, the protection of
Norwegian animal production is heavily dependent
on import duties. Additionally, documentation that
the prevailing conditions are favourable in Norway
has been important for improved protection of the
animal health and zoonosis situation. However, this
is regarded to be a more labile situation.

Eradication programmes has been applied from
late 1890’ies in Norway for antrax, bovine tuber-
culosisand brucellosis. Fowl typhoid (S. Gallinarium)
in hens was actually eradicated twice, before and
after the 2" World War. This most radical strategy
has been successful many times. The campaigns ha-
ve not always been subject to cost-benefit analyses.

The pasteurization was introduced for milk in
the 1920’s in Norway. The original objective was
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again to prevent animal disease like brucellosis, foot
and mouth disease, etc. A by effect was a tremendous
reduction on human diseases like scarlatina (Strept.
pyogenes). Paradoxially, steam pasteurization of car-
casses has not been allowed. The authorities argue
that it may reduce the focus on general hygiene in
the industry. A serious EHEC-outbreak (Schimmer et
al, 2008) has challenged this policy, and it is likely
that steam cabinets will be allowed in the future.

Surveillance and control have become the mo-
dern response to zoonoses like salmonellosis. Test
positives on farm without clinical signs are chal-
lenging. Should the zoonotic agents or the zoono-
ses be targeted? Bacteriological samples have spe-
cificity close to 100 %, but their sensitivity may
be low, which means false negatives is easily mis-
sed. A serological test may both have quite good
sensitivity and specificity, but high numbers of
screened individuals tend to cause a serious number
of false positives as well. The surveillance systems
introduced with the EEA agreement from 1994
have gained some knowledge of prevalence of
many infectious agents, but it is not obvious that
they have reduced efficiently the human burden of
corresponding diseases (Sandberg et al, 2002). On
the other hand, the documented reduction of human
incidence rates for yersinosis is most likely a result
of “bagging”, a simple improvement of dressing
procedures of pork carcasses applied in Norway
(Nesbakken et al, 1994).

Conclusions

Future protection of meat safety will depend
on several preventive measures along the value
chain from farm to table. Hopefully, private and
governmental bodies will be able to collaborate and
coordinate balanced risk based strategies that provide
the consumers with thrust in their food supply.
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PROCEDURES IN IMPROVEMENT OF THE
CONTROL OF THE QUALITY OF MEAT PRODUCTS
— CONSUMER PROTECTION STRATEGY*

Matekalo-Sverak Vesna, Turubatovié L., Petronijevi¢ R.

Abstract: Introduction of new parameters of control of the quality of meat products, as well as constant improvement
of analytical methods used for examination of all major components of the meat products, would considerably contribute
primarily to the improvement of the consumer health, as well as protection of their economical, ethical and religious interests.
Identification of the main raw material in meat products, certain additives of which some can have detrimental effect on
health safety of certain consumers, as well as control of type and quantity of certain additives would greatly contribute to the
development of consumer protection strategy and strengthen the confidence of consumers in quality and safety of meat products
on domestic market.

Key words: quality of meat products, consumer protection strategy, control of the quality of meat products

Postupci unapredenja kontrole kvaliteta proizvoda od mesa — strategija zaStite potrosaca

S adrzaj: Uvodenjem novih parametra kontrole kvaliteta proizvoda od mesa, kao i stalnim unapredenjem analitickih
metoda kojima bi se svi vazni sastojci koji ¢ine proizvod od mesa, mogli ispitati, znacajno bi se uticalo, pre svega na unapredenje
zastite zdravlja potroSaca, kao i na zastitu njihovih ekonomskih, etickih i religiozih interesa. Identifikacija osnovne sirovine
u proizvodima od mesa, odredenih dodataka od kojih neki mogu imati negativan uticaj na zdravstvenu bezbednost pojedinih
potroSaca, kao i kontrola vrste i kolic¢ine pojedinih aditiva znatno bi doprinela u razvoju strategije zastite potroSaca i pojacala
poverenje potrosaca u kvalitet i ispravnost proizvoda od mesa na domacem trzistu.

Kljuéne reci: kvalitet proizvoda od mesa, strategija zastite potrosaca,kontrola kvaliteta proizvoda od mesa

Introduction

In the World, special attention is directed to
protection and safety of consumers in all branches
of production. Consumer must not be deceived, and
product he is purchasing must be completely safe
and cannot endanger human health in the lowest
degree (Turubatovic et al, 2005).. In European Union
countries, Canada and USA, consumer protection
strategies are being developed mainly directed to
production and marketing/ trade of food products,
and in this way not only the health of consumers
is protected but also their economical, ethical and
religious interests. In developed countries, and
in Serbia, consumers are protected by laws when
the food is concerned. However, regardless of this
fact, recently, food producers, and especially food
producers in the meat industry —numerous incidents

(BSE, E. coli, utilization of not allowed meat species
in meat products, genetically modified organisms,
dyoxine, melamine, and in our country, utilization
of prohibited additive potassium meta bisulphate in
chopped meat for forming, so called ¢evapci¢i and
pljeskavice/hamburgers, etc.) have contributed to
lack of trust and confidence of consumers towards
food producers — have increased the measures aimed
at protection of consumers and developed strategy
for improvement and implementation of these me-
asures.

Since year 1998, it has become clear that con-
sumers are concerned about the use of genetically
modified food and they demanded that food products
to which genetically modified ingredients have been
added be labeled accordingly, (Joop de Boer et al,
2007) i.e. on labels within the declaration of the
product, it has to be declared that products has been
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manufactured with addition of genetically modified
food. In Great Britain, consumers even demanded
that also restaurants serving food consisting of gene-
tically modified food stuffs should be visibly mark-
ed. Consumer panic is completely understandable
because of the suspicion that genetically modified
organisms (GMO) are responsible for more frequent
incidence of allergies occurring subsequent to
consumption of certain types of food products and
meat products (Jamenez-Colmenero et al, 2001).
About the same time, a currently very modern term
“safe food” was created, and in accordance to that
term “safe meat products”. However, the difference
between hygienically safe/correct meat product and
safe meat product must be underlined. Meat product,
which is correct, from the aspect of hygiene and he-
alth doesn’t have to be safe at the same time. Certain
ingredients used in manufacturing of different types
of meat products, as well as certain meat species,
can cause in specific group of consumers, due to
allergic reactions or reactions due to intolerance to
certain specific ingredient, more or less severe health
problems, and consequences for consumer, when
allergic reaction is in question, can sometimes be
even lethal (Giese, 2003). Therefore, food producer
is obligated to declare on the label of the product all
information of significance to the consumer (£DA,
1999). Expended content of declaration of food
products and meat products compared to previous
declarations/labels which only had some main pa-
rameters of the product composition presented, are
result of this consumer protection strategy and have
been adopted in the majority of world countries
and also in Serbia. In any case, this is an excellent
measure for maintaining of insight into the quality
of meat product, but it is not sufficient and it is not
the only measure. The most important issue is that
the declaration reflects the true situation and that the
food producer is manufacturing meat product from
raw material, supplements and additives which have
been declared, as well as that the name of the product
is not misleading in any way. Following measure in
implementation of the consumer protection strategy
are inspection in production and trade, and education
of consumers. One of unavoidable measures is also
upgrading of analytical methods in the control of the
quality of meat products and learning how to use
modern methods.

Quality of meat product

In our society, the concept of quality of meat
product mainly includes product composition and
its sensory properties. Quality of meat product es-

sentially, beside sensory properties, includes also
its microbiological and health status, i.e. presence
or absence of environment contaminants, heavy
metals and pesticides, and residues of veterinary
drugs. However, regardless of this fact, inspection
examination of meat products, in our country, in-
cludes in inspection of the quality of meat products,
beside sensory properties and declaration control,
determination of main chemical parameters and, in
regard to additives, determination of the residual
nitrite, total phosphorus and nitrate in fermented sa-
usages. Health correctness of meat product includes
microbiological correctness, control of residues,
examination of the radio activity and sensory exa-
mination, although, Law on health adequacy of food
stuffs and objects of general use clearly defines that
food stuff has to have issued quality — composition
in order to be deemed adequate from the aspect of
health.

Quality, composition of meat product in all
organized countries is regulated by regulations ad-
justed to consumer habits, technological capability
and development of the country, control possibilities,
religious demands, etc (Arihara Keizo, 2006.) Some
countries, for instance Australia and New Zealand,
in their regulations and provisions for different
meat products, issue different minimum quantities
and species of meat, which have to be complied to.
In certain countries, the content of water or lipids
is limited, or the minimum content of protein for
certain products is issued (which is case in our
country). However, for almost all countries it is
characteristic that there is a group of product of
high quality or products of protected origin which
are manufactured according to protected procedures
and which often have better price than remaining
meat products. Serbian Regulation on quality and
other requirements regarding meat products issues
for certain products possibility or impossibility for
use of different additives of food stuffs. Regulation
on quality and other requirements for additives
used in food products, determines conditions for
use of additives in meat products. So, it is evident
that in our regulations the quality of each product
is unambiguously determined and with compulsory
declaration represents significant contribution to the
consumer protection strategy.

In our country, control of the technological
process is carried out in production facilities where
meat products are manufactured, also production
specifications and declarations are controlled, as
well as main chemical investigations, such as protein
content, relative content of protein of binding tissue,
content of total phosphates, nitrites and nitrates,
etc. Establishment of the presence of proteins ori-
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ginating from different meat species is done only in
meat products intended for export and specifically
the presence of bovine protein is compulsory.
Determination of the content of soy protein, gluten,
supplements obtained from milk, carrageenens and
colors in meat products, as far as we know, is not
done on national level.

The most important issue relating to the part
of the strategy determining that meat products ma-
nufactured according to precisely defined procedure
and technology (defined production specification),
are marketed with full declaration — information
presented on the label where it is unambiguously
stated which raw material was used for manufactur-
ing of that product and which supplements and addi-
tives have been used. The accuracy of information
on declaration is checked by the inspection at the
production facility as well as by analysis of meat
product, by applying acknowledged analytical me-
thods. Such control of the quality of meat product
is sufficient for large production facilities of the
meat industry where an experienced team of experts
are working and where inspection authorities are
present on regular basis. In smaller facilities for meat
processing, which are present in our country in great
number, usually only one technologist is employed,
and inspection authorities are not present there on
daily basis, declaration/statement on composition
of the meat product must be controlled on broader
basis, and same relates to imported meat products
which are also present on our market in significant
quantities. Also, it is necessary to intensify the
control of meat products and dishes containing meat
sold in fast food restaurants, since these products
are mainly consumed by children and young people.
From the intensified control also the regular food
and dishes containing meat prepared and served in
conventional, traditional restaurants should not be
excluded.

There are cases known in practice and descri-
bed in literature of allergies on meat, most of hy-
persensitive persons are allergic to red meat, and in
some cases there are allergic manifestations occurr-
ing after consumption of poultry meat or mutton
(Aoyama, et al, 2000; Davidson, 2002; Givens, et al,
2006). Apart form that, there are many other health
reasons or conditions such as gout, hypertension,
diabetes, increased cholesterol in blood plasma,
which limit the consumption of certain species of
meat in nutrition. It is very important to point out
that certain religions prohibit the consumption of
pork, and some of beef, therefore, strict control of
meat products in regard to its main ingredient, raw
material is necessary. The latest, current Regulation
on quality and other requirements for meat products,

which has been harmonized with similar regulations
of EU countries and adjusted to our conditions for
certain types of meat products issue even the type of
raw material, which is additional reason confirming
the necessity for development and application of
methods for identification of species of meat in meat
products.

Regardless of many health benefits contributed
to soy bean preparations, (doyama et al, 2000;
Hoffman & Wiklund, 2006; Hoogenkamp, 2007;
Pszczola, 2003) which was also confirmed by sci-
entific results, utilization of soy protein in food
products, also in meat products, has to be properly
declared on the product label, and soy bean prepa-
rations have to be declared also on cosmetic products.
Similar problems to different species of meat can
also occur in cases when soy bean preparations are
used in manufacturing of meat products, however,
more people are allergic to soy protein than to
protein originating from certain species of meat.
It is not widely known that soy bean as food stuff
is considered as one of the greatest allergens and
is on the list consisting of nine food stuffs “severe
allergens”, with strict control over their use in food
products. Main instigators of allergy in soy bean
are proteins glycinine and three units of BETA con-
glycinine, i.e. soy proteins which are carriers of the
functionality and are present in all soy bean products
used as food supplements. Problems with allergies
on to soy bean are especially present in developed
world countries where the use of industrial food
and semi-finished finished dishes is mostly present.
Canadians state that they have recorded significant
increase of number of allergic incidents in humans,
especially children, during the nineties of the last
century which coincides with increased utilization
of different protein products in food processing.
Although it is regulated by legislation provisions
that the use of soy bean in food products has to be
declared, in this country by inspection and control
products are registered for which the use of soy bean
has not been declared. Such occurrences must not
immediately be regarded as intentional mistakes by
the food producer. Many spice mixtures, especially
spice extracts, contain as carrier soy proteins, so food
producers in meat industry are sometime unaware of
the fact that they are using soy bean in the production
and therefore not declaring it. If for this reason, or
intentional deceit of consumers, but in Spain hams
were discovered which were manufactures with soy
bean, but manufacturer has not declared its presence
on the label. In regard to increase of number of
allergic reactions to soy bean, according to official
data from New Zealand, of all severe allergic inci-
dences in humans caused by food, soy bean was
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the cause of allergy in 25% of cases. Also, in Great
Britain, it was established that consumption of soy
bean milk in childhood, as substitute for cow milk,
causes occurrences of allergies to peanuts later on.
Soy bean in nutrition is not recommended in certain
physiological conditions, such as pregnancy and
nursing, also it is not recommended for consumers
with heart problems since it causes blowing up for
which oliggo saccharides contained in soy bean are
responsible. Based on all stated it can be concluded
that content of soy bean in meat products must be
declared, however, regardless of that, experiences
from other countries tell us that we cannot even rely
on the declarations with high certainty and that it
is necessary to develop methods for verification of
its presence in meat products, since consequences
can be fatal for some people. In spite of the fact of
the detrimental effect of soy bean on health, it is
used as way to substitute parts of high valuable and
expensive meat by cheap supplement (Hoogenkam,
2007; Tsumara et. al, 2005). If we mention that by
only one kilogram of soy bean isolate it is possible,
with hydration in meat products, to substitute five to
six kilograms of meat, and at the same time maintain
the content of total protein in meat product, it is clear
that by conventional analytical methods, and such
substitution cannot be precisely detected.

Gluten, wheat protein (Pietrasik et. al, 2007), is
very often used in food products and meat products
since it is very good emulgator and stabilizer and
influences good consistency of the product, it has
no significant effect on taste, odor and color of
meat product, so it can’t be easily identified organo-
leptically. Gluten is known allergen and declaration
of gluten is compulsory. However, gluten is often
used in mixtures which are intended for use in meat
products, such as emulgators and stabilizers, and
meat industry is buying them according to different
trade names, so it can easily be used in manufactur-
ing of meat products, without it being declared, most
often due to lack of information or poor knowledge
or expertise of the person applying it.

Karagenan is hydrocolloid with exceptional
ability of hydration (CyberColloids, 2007). Its abili-
ty to provide for meat, through brine injected into it,
up to 100% of hydration, i.e. to double the mass of
meat, influenced the decision of producers in meat
industry to use it more than technologically justified.
Apart from this, karagenan, which is functioning as
condenser, stabilizer and gelling agent and is often
found in composition of different mixtures intended
for use in meat industry, similar to gluten, can also
unintentionally be left out of the product declaration.
Considering that many consumers wish to consume
products free of this additive since it can cause dige-

stion disturbances of different intensity, and we are
familiar with cases of the use of this additive without
declaring it on the label, the development of the
method for determination of the presence of karagenan
in meat products is of exceptional importance.

Included in the list of additives used in meat
industry, and for which in our country there is still
no developed determination method, and therefore
are not controlled, beside karagenan, are also colors
used in food industry.

Certain colors have been allowed for use sin-
ce December 2004 in meat products but only in
certain products and in regulated quantities, so, it is
understandable that in our country we still are not
capable of using adequate analytical methodology
for determination of their presence and quantity in
meat products. Accordingly, of course, there are no
requirements for their control. It has to be mentioned
that Kosenilo is allowed for use in certain meat
products, whereas Ponso 4P is not on the list of
allowed additives for use in meat industry, but we
suspect that because of its desired traits and effect on
color quality of the product, in spite of ban, it is still
used in processing, like some other additives which
are not intended for use in meat products. Because of
its property to affect positively the quality of color of
certain meat products, food color Ponso is used also in
manufacturing of some spice mixtures used all around
the world in manufacturing of food products.

So, we think that beside conscience and expert
knowledge of people working in the meat industry,
obligation to comply with regulations relating to
quality of meat products, use of additives and obli-
gation to declare composition of products, inspection
control during production and in trade, it is necessa-
ry to control the quality of meat product in more
detailed manner and constantly develop and apply
analytical modern analytical methods in assessment
and control of meat products.

Selected analytical methods for more
complete control of quality of meat products

In laboratories of the Institute of meat Hy-
giene and Technology, high quality methods for de-
termination of species of meat have been developed
and validated; also for determination of quantity
and quality of soy bean and gluten proteins in meat
products; for determination of quantity and quality
of carrageenans and determination of quantity of
food colors Kosenilo and Ponso.

Identification of proteins of muscle tissue ori-
ginating from different animals in developed countri-
es is done using method ELISA. Method is based
on enzyme immune reaction (ELISA). Contrary to
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Expert knowledge and ethical conscience of producers

Full application of all current regulations relating to quality of meat products

Constant inspection control during production

Constant inspection control in trade

Development and application of modern analytical methods for control of the
composition of meat products

Scheme 1. Elements of development of consumer protection strategy
Shema 1. Elementi razvoja strategije zastite potrosaca

other methods with same purpose, it takes very little
time and it is very reliable and fast. Enzyme immune
reaction is based on determination of presence of
thermo-stable proteins which are characteristic/
species specific. For detection and identification of
different meat species in meat products also PCR
technique is used which is also very fast and highly
sensitive (Arslan Ali et. al, 2009; Ghovvati et. al,
2009; Gurdeep Rastogi et al, 2007; Kesmen et. al,
2007; Weibin Bai et al, 2009; Rea et. al, 2009). In
this technique, gene targeted is cytochrome b coded
by mitochondrial circular DNA molecule. This ge-
ne is highly preserved during evolution and can be
found in numerous copies which enable its easy
species specific identification.

Methods used for quantitative and qualitative
determination of the content of soy protein in meat
products are microscopy, SDS poly acryl amide gel
electrophoresis and analysis of peptides, and all
mentioned methods require lot of time and don’t
give sufficiently precise results (Tyumara et. al,
2005). Soy bean can be identified in meat products
microscopically, but organoleptic/sensory evaluati-
on is not neglected and represents the first step in
further analytical procedure. ELISA method is also
widely used all over the world and principles of
enzyme immune reaction, as method sensitive and
soy protein specific even in products where other
proteins are present such as other proteins of plant
or animal origin and other proteins. Presence of soy
proteins in meat products, according to literature data,
can also be established by reverse highly efficiency
liquid chromatography. The latest literature data
present fast/rapid, specific and sensitive method for
determination of additional soy proteins in meat pro-
ducts which is also based on reverse-phase high effi-
ciency liquid chromatography, but phytoestrogens are

detected, main isoflavones from soy bean - daidzein
and genistein. Using this procedure it is possible to
detect in meat products amounts of soy bean bellow
0.1%. However, we couldn’t find data on if this
procedure is used in regular inspection control.

Gluten, as well as dairy supplements, is easi-
ly and rapidly identified by analytical methods, pri-
marily by ELISA technique, in meat products.

The most frequent methods for determination
of karagenan stated in foreign literature and papers
by different authors are chromatography methods
(primarily methods of gas chromatography and
high efficiency liquid chromatography) (Sebranek,
& Bacus, 2007). Recently, there are methods pre-
sented which use infrared spectral- photometry
with Fourier transformation. Advantage of spectral-
photometry methods compared to chromatography
is simpler preparation of samples for analysis and
shorter time for carrying out of the analysis, whereas
chromatography techniques have higher sensitivity
and selectivity. All of these analytical methods and
techniques are applied for determination of carra-
geenan and other hydrocolloid polysaccharides in
products intended for human consumption.

Methods for determination of food colors in meat
products, primarily those of interest to our market and
products which can be found on our market, E 120
and E 124, are spectral-photometry methods, kinetic
methods, and in more recent studies also liquid chro-
matography methods (high efficiency liquid chroma-
tography) with different types of detectors (UV/
VIS, PDA) are mentioned. Ponso 4R, as azo color,
is frequently determined multi-residually with other
azo colors, for instance together with Sunset yellow,
Sudanese azo colors, etc (Straub, 2005).

Application of new methods and expending
of the list of parameters which are used within the
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control of meat products, would greatly contribute
to improvement of the efficiency of the consumer
protection strategy, first of all of their health and of
protection of their economical, ethical and religious
interests. Identification of the main raw material
in meat products is important because of the cases
when during manufacturing process more expensive
meat which is declared on the label, is partially sub-
stituted with cheaper meat species. This is not only
economical and ethical violation, but it can seriously
endanger health of those consumers who are intolerant
or hypersensitive to certain types of meat proteins.

Conclusion

Introduction of new parameters of control in
assessment of the quality of meat products offers
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NEUE TECHNOLOGIEN BEI DER SCHLACHTUNG,
GROB - UND FEINZERLEGUNG - EINFLUSSE AUF

SICHERHEIT UND QUALITAT DES FLEISCHES*

Troeger K.

Kurzerueberblik: Die Entwicklung neuer Technologien zielt hiufig auf eine zunehmende Rationalisierung
und Automatisierung von Prozessen ab. Dabei muss die Auswirkung der Innovation auf die Sicherheit und Qualitdt der
Produkte ebenfalls in Betracht gezogen werden. In den letzten Jahren wurden seitens der Schlachthofausriister vermehrt
Anstrengungen unternommen, den Prozess der Fleischgewinnung moglichst weitgehend zu automatisieren. Nachdem sich ein
Konzept, das auf Spezialmaschinen fiir jeden Arbeitsschritt basierte, am Markt nicht durchsetzen konnte, setzt man jetzt auf
Standard-Industrieroboter, wie sie etwa in der Autoindustrie zahlreich im Einsatz sind. Erste Ergebnisse zeigten, dass die
Roboter zuverldssiger und hygienischer arbeiten als der Mensch. Auch fiir den Bereich der Grobzerlegung stehen mittlerweile
leistungsfihige Roboter zur Verfiigung. Fiir die Feinzerlegung bzw. das Schneiden von Fleisch wurde am MRI Kulmbach eine
weitere neue Technologie gepriift und bewertet. Es wurden Versuche mit Hochdruck-Wasserstrahl (3800 bar) zum Schneiden
von Schweinelachsen (M. longissimus dorsi) durchgefiihrt. Die Ergebnmisse zeigten, dass die frischen Fleischoberflichen
weitgehend keimfrei waren und dass die Mindesthaltbarkeit dieses Fleisches unter SB-Handelsbedingungen deutlich linger

war als die von konventionell mit einem Slicer geschnittenen Fleischscheiben.

Schliisselworter: Neue Technologien, Sicherheit, Qualitdt, Schlachtung, Roboter, Grobzerlegung, Feinzerlegung, Wa-

sserstrahl-Schneiden

Nove tehnologije tokom klanja, grubog i finog rasecanja — uticaj na bezbednost i kvalitet mesa

Sadrzaj: razvoj novih tehnologija usmeren je na racionalnije i automatizovanije procese. Zbog toga, uticaj inovacija
na bezbednost i kvalitet proizvoda, takode, mora da se uzme u obzir. Poslednjih nekoliko godina, snabdevaci opremom za
industriju mesa, ulazu velike napore u cilju automatizacije procesa klanja, kako iz ekonomskih razloga, tako i zbog higijene.
Posle pokusaja da se implementira koncept koriséenja specijalnih masina, koje su se pokazale neuspesnim na trZistu, paznja
Jje usmerena na standardne industrijske robote koji se koriste u mnogim industrijama, a narocito u automobilskoj. Pocetno
iskustvo ukazuje da su roboti pouzdaniji i Cistiji od coveka. U meduvremenu, efikasni roboti su dostupni takode, za primenu u
primarnom rasecanju. U oblasti rasecanja mesa, druge nove tehnolgoije su ocenjivane u Max-Rubner Institutu u Kulmbachu.
Eksperimenti su obavljeni rasecanjem svinjskog mesa (M. longissimus dorsi) u nareske koriséenjem vodenog mlaza pod visokim
pritiskom (3800 bar). Rezultati su pokazali da su povrsine svezeg mesa skoro sterilne i da je odrZivost ovog mesa (u uslovima

prodaje) bila mnogo duza u odnosu na konvencilano secene odreske.

Kljucne reci: nove tehnologije, sigurnost, kvalitet, klanje, roboti, grubo i fino rasecanje, vodeni mlaz visokog pritisak

New Technologies in Slaughtering, Pre-Cutting and Cutting — Influence on Safety and Quality

of Meat

Abstract: The development of new technologies ofien directs to more rational and automatic processes. Thereby, the
influence of the innovation on safety and quality of products must also be taken into consideration. Slaughterhouse equipment

suppliers made increased efforts in the last few years to automate the process of slaughtering as far as

possible for economic reasons and for reasons of hygiene. After the attempt to implement a concept of using special
machines failed in the market, one is now concentrating on standard industrial robots, as they are being used in large numbers
for example in the automobile industry. Initial experience indicates that robots are more reliable and hygienic than human
beings. In the meantime, efficient robots are available also for the purpose of primal cutting. In the field of meat cutting, another
new technology was evaluated in MRI Kulmbach. Experiments were made cutting pork (M. longissimus dorsi) in slices using a
high pressure waterjet (3800 bar). The results showed, that the fesh meat surfaces nearly were sterile and the shelf-life of this

meat (under retail conditions) was much longer compared to conventionally slicer-cut steaks.
Key words: new technologies, safety, quality, slaughtering, robots, pre-cutting, cutting, waterjet-cutting
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Einleitung

Die Forderung nach Produktsicherheit und
damit der Stellenwert der Hygiene bei der Fleisch-
gewinnung und —bearbeitung hat, auch aufgrund
der zunehmenden Konzentration der Schlacht- und
Zerlegebetriebe mit entsprechend lidngeren Distri-
butionswegen fiir das Fleisch, in den letzten
Jahren deutlich zugenommen. Zum einen ist die
erforderliche Haltbarkeit des Frischfleisches nur
bei konsequenter hygienischer Gewinnung und Be-
handlung erreichbar. Zum anderen dienen hygie-
nische MaBnahmen dem Gesundheitsschutz des
Verbrauchers: das Fleisch klinisch gesunder Tiere
sollte beim Schlacht- und Zerlegungsprozess nicht
mit pathogenen Mikroorganismen (Salmonellen, Li-
sterien, Staphylococcus aureus, shigatoxinbildende
E. coli u.a.) kontaminiert werden. Dies erfordert
geeignete bauliche, technische und organisatorische
MafBnahmen der Betriebe.

Neue Technologien der Fleischgewinnung
und Zerlegung werden hdufig mit dem Ziel einer
zunehmenden Automatisierung der Prozesse ent-
wickelt (z.B. Robotereinsatz in Schlachtung und
Zerlegung). Die Erfiillung von grundlegenden
Hygieneanforderungen, wie beispielsweise eine
Vermeidung von Kreuzkontaminationen zwischen
verschiedenen Schlachtkorpern in der Schlachtkette,
muss dabei jedoch gewihrleistet sein. Andererseits
konnen neue technische Anwendungen auch primér
auf eine bessere Prozesshygiene abzielen. Ein
Beispiel hierfiir ist das Schneiden von Fleisch mit
Hilfe eines Hochdruck-Wasserstrahls (waterjet).

Einsatz von Industrie-Robotern

Bei der industriellen Schweineschlachtung
ist heute bereits ein hoher Automatisierungsgrad
moglich. Im reinen Bereich der Schlachtlinie
verbleiben gegenwirtig als manuelle Tatigkeiten die
Entnahme des Urogenitaltrakts, die Separierung der
Innereien, die amtliche Fleischuntersuchung sowie
die Herrichtung gemiB3 den Vermarktungsnormen
der EU und das Trimmen.

Neben Spezialmaschinen werden zunehmend
Standard-Industrieroboter mit eigens entwickelter
Software eingesetzt. Die Schwierigkeit besteht da-
rin, Standard-Industrieroboter an die spezifischen
Bedingungen eines Schlachtbetriebs zu adaptieren.
Im Gegensatz zur Automobilindustrie hat im Schla-
chtbetriebe jedes ,,Werkstiick eine andere Grofle
und Form. Die Roboter kdnnen nicht immer das
gleiche, sich wiederholende Bewegungsmuster aus-
fiihren — vielmehr miissen die Bewegungen bzw. die
Schnittfiihrung durch einen Hochgeschwindigkeits-
PC fiir jeden Schlachtkorper individuell neu berech-
net werden. Dazu passieren die Schlachtkorper einen
oder mehrere Laserscanner (Abb. 1); eine speziell
entwickelte Software liefert die Koordinaten fiir
ein dreidimensionales Bild jedes Schlachtkorpers.
Die fiir die Robotersteuerung erforderlichen Daten
stehen innerhalb von wenigen hundert Millisekun-
den zur Verfiigung. Die Bewegungen der Roboter
laufen synchron mit der Bewegung des Schlachtfor-
derers.

An Ausfilhrung und Funktion der Roboter
sind auch hygienische Anforderungen zu stellen.

Abb. 1. Laserscanner und Industrie-Roboter mit ,,Bauch- und Brustbeinéffner* (Fa. Banss, Biedenkopf)
Slika 1. Laserski skener i industrijski robot za rasecanje grudno-trbu$nog dela (Fa. Banss, Biedenkopf)
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Die Konstruktion mufl eine effektive Reinigung
erlauben. Die Schutzhiille muB3 aus fiir Lebensmittel
geeignetem Gewebe bestehen, welches mit Hoch-
druckwasserstrahl gereinigt werden kann und wi-
derstandsfihig gegen Desinfektionsmittel ist. Die
Roboterwerkzeuge miissen nach jedem Arbeitsgang
einer effektiven Zwischenreinigung und —desin-
fektion unterzogen werden. Inwieweit fiir eine
Desinfektion anstelle von 82-gradigem Wasser auch
HeiBdampf eingesetzt werden kann, ist Gegenstand
laufender Untersuchungen.

Bisher sind — bei einer Stundenleistung von
bis 650 Schweinen — Roboter fiir folgende Ar-
beitsschritte im Einsatz: ,,Vorderklauen kneifen®,
»Rektum freischneiden (Abb. 2), ,,Schlossknoch-
en O0ffnen”, ,,Bauch und Brustbein 6ffnen (Abb. 1)
sowie ,,Nacken kneifen* (Abb. 3). Seit kurzer Zeit
ist auch ein Roboter gefiihrter Schweinespalter
verfligbar.  Fleischhygienische Fragestellungen,
insbesondere auch zur Effektivitdt der automa-
tischen Zwischenreinigung und —sterilisation der
Roboterwerkzeuge wurden und werden vom Insti-
tut fiir Sicherheit und Qualitdt bei Fleisch des
MRI, Standort Kulmbach, untersucht. So wurden
vergleichende Untersuchungen zur mikrobiellen
Kontamination von Schlachtkdrpern im Becken-
bereich nach Einsatz eines manuellen bzw. Roboter-
Bung Droppers (Rektum Freischneider, Abb. 2)

durchgefiihrt. Es wurden Oberflichen-Muskelproben
aus dem caudalen Beckenbereich destruktiv mit
Hilfe einer Stanze (Durchmesser 25 mm) und eines
Skalpells bei 101 Schlachtkdrpern nach manuellem
Bung Dropper-Einsatz und bei 100 Schlachtkérpern
nach Roboter Bung Dropper-Einsatz entnommen
und die aeroben Gesamtkeimzahlen sowie die
Gehalte an Enterobacteriaceen bestimmt. Die
Ergebnisse zeigten hygienische Vorteile fiir die
Robotertechnik. Hohere Keimzahlen (10* bis < 10°
Gesamtkeime pro cm?) wurden bei 32 % der manuell
bearbeiteten Schlachtkoérper, aber nur bei 9 % der
Roboter bearbeiteten Schlachtkdrper ermittelt (Abb.
4; Troeger, 2008). Ein noch deutlicherer Unterschied
zugunsten der Robotertechnik ergab sich beziiglich
der Keimgehalte der Nackenmuskulatur nach
Einsatz eines manuell bzw. Roboter gefiihrten
Nackenkneifers (Abb. 3, Moje, 2009). Der Grund fiir
das bessere Abschneiden der Roboter diirfte in der
effektiveren Zwischenreinigung und —sterilisation
der Werkzeuge liegen.

Bei der Grobzerlegung von Schweinehélften
sind ebenfalls bereits Industrie-Roboter im Einsatz.
Die Arbeitsstation besteht aus einer vertikalen Fi-
xationsvorrichtung fiir die Schweinehilften, einem
dualen Kamerasystem mit PC zur Bildverarbeitung
und einem Industrie-Roboter mit Hygiene-De-
sign. Als Schneidwerkzeug dient eine kleine Krei-

Abb. 2. Industrie-Roboter mit “Rektum-Freischneider” (Fa. Banss, Biedenkopf)
Slika 2. Industrijski robot za opsecanje rektuma (Fa. Banss, Biedenkopf)
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Abb. 3. Industrie-Roboter mit ,,Nackenkneifer” (Fa. Banss, Biedenkopf)
Slika 3. Industrijski robot za odvajanje od vrata (Fa. Banss, Biedenkopf)

Abb. 4. Gesamtkeimzahlen der Beckenmuskulatur nach manuellem (n = 101) oder Roboter - Bung Dropper
— Einsatz (n = 100); 600 Schweine pro Stunde
Slika 4. Ukupan broj bakterija u regiji karlice posle manuelnog (n = 101) ili automatskog opsecanja rektuma
(n=101); 600 svinja na sat

ssdge, mit welcher sowohl lineare als auch Kur-
ven-Schnitte ausgefiihrt werden kénnen. Die Bere-
chnung der Schnittfithrung orientiert sich an den
anatomischen Gegebenheiten. Die Schnittlinien sind
nach Kundenanforderungen frei wéhlbar, saisonale
Variationen leicht zu programmieren. Ein Roboter

kann pro Stunde bis zu 1600 individuelle Schnitte
ausfiihren. Die Variation der Schnitte (Abweichung
von der Ideallinie) ist beim Roboter mit + - 5
mm deutlich geringer als beim manuellen Sdgen
(+ - 20 mm). Dies bedingt hohere Ausbeuten an
héherwertigen Teilstiicken.
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Fiir ein weiteres Zerlegen und das Entbeinen
von Teilstiicken nach Grobzerlegung wurden bereits
einige Spezialmaschinen entwickelt. Die sog. Mi-
ttelstiick-Schneidemaschine trennt das Kotelett vom
Bauch (Folkmann and Christensen, 2003). Die sog.
Vorderviertel-Maschine entfernt die Rippen und die
Halswirbelsdule aus einem Schweinevorderviertel
(Hansen, 2004). An einer weiteren Automatisierung
des Ausbeinungsprozesses wird weltweit gearbeitet.

Schneiden von Fleisch mit Hochdruck-
Wasserstrahl (Waterjet)

Wasserstrahlschneiden wird in einer Reihe
von Industriezweigen, wie der Luft- und Raumfa-
hrtindustrie, dem Maschinenbau, der Glas-, Holz-
verarbeitungs-, Textil-, Papier-, Automobil- und Le-
bensmittelindustrie routinemiBig eingesetzt. Uber
Anwendungen in der Fleisch-, Gefliigel- und Fisc-
hindustrie wurde berichtet (V.N., 2001, Wang and
Shanmugam, 2009).

Im Rahmen eines Forschungsprojekts wurde
der Einsatz eines Wasserstrahlschneidsystems (Hoch-
druckpumpe Typ Standard HP19/37-S, Fa. Uhde
High Pressure Technologies, Hagen; Edelstahl-
-Schneidtisch mit Schneiddiise mit variabler
Vorschubgeschwindigkeit, Fa. Banss Meat Techno-
logies, Biedenkopf) zum Schneiden frischer Schwe-
ineriickenmuskulatur erprobt. An fiinf Versuchstagen
wurden je zwei ganze entbeinte Schweineriicken
aus laufender Produktion eines Zerlegebetriebes
entnommen und mittels Wasserstrahl (3800 bar,
0,15 mm Diisendurchmesser, 140 cm/min Vorschub-
geschwindigkeit) in jeweils 12 ca. 2 cm dicke Schei-
ben (=24 Scheiben pro Versuchstag) geschnitten. Die
Riickenmuskeln wurden vor dem Schneiden zwei
Stunden in einem Gefrierraum bei -18°C gelagert,
so dass die Fleischtemperaturen zum Zeitpunkt des
Wasserstrahlschneidens ca. -1,5°C in 2 cm Tiefe und
im Kern ca. 0°C betrugen. Die Riickenmuskel-Steaks
wurden in Plastik-Trays unter Schutzgas (O,/CO,
= 60/40) verpackt und bei 5°C fiir 9 bzw. 16 Tage
gelagert. Als Kontrollen dienten pro Versuchstag
24 Riickenmuskel-Scheiben (,,Minuten-Steaks®),
die im Zerlegebetrieb aus gleicher Zerlegung mit
einem konventionellen Slicer geschnitten und
unter Schutzgas (O,/CO, = 60/40) verpackt wor-
den waren. Die Kiihllagerung der mit Waterjet
geschnittenen und der Kontrollscheiben erfolgte im
selben Kiihlraum. Es wurden physikalische (Farbe,
Tropfsaft) und mikrobiologische Untersuchungen
(Enterobakteriazeen-Zahl, aecrobe Gesamtkeimzahl)
durchgefiihrt.

Die mit Wasserstrahl geschnittenen Riicken-
muskelscheiben waren nach Kiihllagerung etwas
heller als die mit dem Messer (Slicer) geschnittenen
Kontrollen. Die Tropfsaftverluste (= Fliissigkeit in
den Trays) nach 9 bzw. 16 Tagen Kiihllagerung bet-
rugen bei den mit Wasserstrahl geschnittenen Schei-
ben im Mittel 8,9 bzw.10,3 %, bei den Kontrollschei-
ben entsprechend 10,2 und 12,2 %. Die gravierends-
ten Unterschiede traten bei den Oberflichenkeimza-
hlen nach Lagerung auf. Bei der Mehrzahl der mit
Waterjet geschnittenen Riickenmuskelscheiben lag
die Gesamtkeimzahl nach 16 Tagen Kiihllagerung
unter der Nachweisgrenze von 10 Keimen pro
cm?. Auch der Maximalwert von 10* Keimen/
cm? ist, verglichen mit den in der Praxis tiblichen
Keimbelastungen, noch sehr niedrig. Der Oberf-
lachenkeimgehalt der Kontrollscheiben lag nach
16tagiger Kiihllagerung im Mittel (Median) bei
2,5 x 10° Gesamtkeimen pro cm? (Abb. 5).

Abb. 5. Gesamtkeimzahlen (GKZ)
auf Schweineriicken-Steaks in SB-
Schutzgasverpackungen, mit Hochdruck-
Wasserstrahl oder Slicer geschnitten, nach
Kiihllagerung bei 5° C fiir 9 bzw. 16 Tage
Slika 5. Ukupan broj bakterija u odrescima
svinjskog mesa (lumbalni deo) u MAP, ise¢enog
vodenim nozem ili uredajem za narezivanje pri
temperaturi od 5° C u toku 9-16 dana

Die weitgehend keimfreien Oberflichen der
mit Waterjet geschnittenen Steaks resultieren wahr-
scheinlich aus einer fehlenden Kontamination
der Schnittflichen mit von der Fleischoberfliche
verschleppten Keimen. Wéhrend es beim Schneiden
mit dem Messer zwangsliufig zu einer gewissen
Kontamination des Schneidwerkzeugs und damit
der frischen Schnittflichen kommt, zerstort der
Hochdruck-Wasserstrahl moglicherweise die Ober-
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flichenkeime beim Aufprall. AuBerdem wird Mate-
rial entlang der Schnittebene in der Breite des Strahls
(steril) abgetragen. Einer praktischen Anwendung
der Technik in diesem Bereich sind jedoch aufgrund
der, im Vergleich zu konventionellen Slicern, relativ
geringen Schnittgeschwindigkeiten noch Grenzen
gesetzt. Andererseits erscheint eine Anwendung
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CAUSE AND POSSIBLE WAYS TO ELIMINATE

BOAR TAINT IN PORK*

Zamaratskaia Galia

Abstract: Boar taint, an undesirable odour from meat from some entire male pigs, is caused by the naturally occurring
compounds androstenone and skatole. The level of boar taint can be minimized by decreasing the concentrations of these
compounds in adipose tissue. Immunocastration substantially reduces the levels of both. Skatole levels can be also reduced
by dietary manipulations and improved rearing conditions, however, this approach has no or little effect on androstenone.
Genetic selection against high androstenone and skatole levels is an attractive alternative if achieved without negatively
affecting reproduction and economic efficiency. If entire male pigs are to be used in pork industry, methods to detect tainted
carcasses are needed. Tainted carcasses can be used for processed meat products. Meat processing can probably reduce
or mask boar taint; however, more studies are needed to investigate possible processing techniques and consumer attitudes
towards final pork product. Thus, in future, surgical castration of male piglets can be avoided and replaced by practical and
ethically acceptable alternatives. At the moment, castration using anaesthesia and analgesia, or immunocastration can be used
as temporary solutions. This article reviews the development of some alternatives to surgical castration of entire male piglets
to control boar taint.

Key words: boar taint; Surgical castration; Anaesthesia and analgesia; Immunocastration; Use of entire male pigs

Uzrok i moguc¢nosti eliminacije polnog mirisa u svinjskom mesu

S adrzaj: Polni miris nerastova, neprijatni miris koji potice od mesa kod muskih jedinki, uzrokovan je jedinjenjima
androstenon i skatol, koji se prirodno nalaze kod ovih Zivotinja. Intenzitet polnog mirisa moze da se umanji smanjenjem
koncentracije navedenih jedinjenja u masnom tkivu. Imunokastracija znacajno smanjuje nivoe i androstenona i skatola.

Nivo skatola moze da se smanji i promenom ishrane kao i poboljsanjem uslova uzgoja. Medutim, ovakav pristup ne utice na
nivo androstenona. Genetska selekcija jedinki sa manjim nivoima adrostenona i skatola je pogodna alternativa ukoliko ne utice
negativno na reprodukciju i ekonomsku isplativost uzgoja. Ukoliko se nerastovi koriste u industriji neophodno je razviti metode
detekcije polnog mirisa trupova. Ovakvi trupovi mogu da se iskoriste u preradi. Prerada verovatno moze da umanji ili maskira
polni miris. Medutim, potrebne su dalje studije koje bi istrazZile moguce tehnike kao i odnos potrosaca prema gotovom proizvodu.
alternativama. Kastracija pod anestezijom ili analgezijom, kao i imunokastracija su u ovovm trenutku privremena resenja. Ovaj
rad pruza osvrt na razvoj nekih alternativa hirurskoj kastraciji prasadi muskog pola radi kontrolisanja polnog mirisa.

Kljucne reci: polni miris, hirurska kastracija, anestezija I analgezija, imunokastracija, koriscenje nerastova

Introduction

Surgical castration of entire male piglets not
intended for breeding is routinely performed in ma-
ny European countries to reduce the risk of boar
taint, an off-flavour in heated pork products. Boar
taint occurs in some entire male pigs at puberty and
is primarily caused by high levels of androstenone
and/or skatole in pig carcasses. Although surgical
castration reduces the levels of both compounds
and therefore decreases the risk of boar taint, this
approach is not fully satisfactory. Entire male pigs
compared to castrates have a superior feed efficiency
and higher lean yield of the carcasses. Moreover,

surgical castration has been increasingly disparaged
because of its negative effects on animal health and
welfare. Therefore, to prevent boar taint, methods
other than surgical castration are required. Ideally,
such methods should be easy for use on farms and
effectively reduce taint in entire male pigs. Various
factors are known to regulate the levels of skatole
and androstenone in pig carcasses and these factors
have been regularly reviewed (Bonneau, 1982; Cla-
us et al., 1994; Bonneau, 1998; Lundstrom and
Zamaratskaia, 2006; Zamaratskaia and Squires,
2009). The purpose of the present short review is to
highlight selected aspects of the boar taint problem
and to provide a summary of current knowledge on
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skatole and androstenone. Special focus is given to
the potential alternatives to surgical castration.

Cause of boar taint

Skatole (3-methylindole) and androstenone
(50-androst-16-en-3-one) are two major compounds
responsible for boar taint (Dijksterhuis et al., 2000).
Skatole is produced by the microbial degradation of
tryptophan in the large intestine of pigs. Androsteno-
ne is a steroid produced in the Leydig cells of the
testis in mature pigs. Skatole is perceived by most
people as a faecal-like odour, whereas ability to de-
tect androstenone is highly variable between people
with different genetic background (Wysocki and Bea-
uchamp, 1984). Descriptions of androstenone odour
vary from sweat- or urine-like to perfume- or flower-
like odour. There are indications that other compo-
unds can contribute to boar taint, such as indole
(Garcia-Requeiro and Diaz, 1989) and androstenol
(Brooks and Pearson, 1989). Their contribution,
however, seems to be of less importance because of
relatively weak odour.

Effects of surgical castration

Surgical removal of testicles is an effective
method to remove the source of testicular steroids,
including the boar taint compound androstenone.
Surgical castration also prevents the accumulation
of another boar taint compound — skatole — due
to enhanced skatole metabolic clearance in the
absence of testicular steroids (Doran et al., 2002;
Zamaratskaia et al., 2007). Furthermore, surgical
castration removes the source of spermatozoa and
prevents the male pigs from unplanned breeding.
However, surgical castration of piglets negatively
affects animal welfare which is a severe drawback of
this method. Currently there are no widely accepted
alternative to surgical castration.

“Humane” castration

Use of local anaesthesia

Effective local anaesthesia is one option to
reduce pain in piglets during surgical castration.
Surgical castration with anaesthesia usingl0 mg of
Procaine (Procasel 2%®, Selectavet, Germany) per
testis reduces the intensity of pain during castration
as assessed by changes in vocalisation and defence
behaviour of piglets (Leidig et al., 2009). Marx et al.
(2003) demonstrated that piglets castrated without
anaesthesia produced significantly more screams

than piglets castrated with local anaesthesia with
lidocain (Ursocain 2%; 0.5 ml per testis). However,
piglets during injection are subjected to an additio-
nal distress due to prolonged handling and pain due
to injection. The use of local anaesthesia improves,
although not completely, the welfare status of piglets
but increases the costs of the procedure. Additional-
ly, anaesthesia lasts for a short time, and the use of
extra analgesic agents is recommended. Finally, the
procedure should only be performed by veterinarians
in most countries.

Immunocastration

Some progress has recently been made in de-
velopment of a vaccine for immunization against
gonadotrophin releasing factor (GnRF). Conside-
rable experimental evidence supports the notion
that this is a reliable non-surgical method to con-
trol both boar taint and aggressive behavior of
entire male pigs. Blocking the action of GnRF by
creating GnRF antibodies stops testicular function,
thus producing a temporary castration effect and
preventing accumulation of androstenone and ska-
tole in boar’s tissues. A potentially promising vacci-
ne, Improvac™, has recently been tested in some
countries (Dunshea et al., 2001; Jaros et al., 2005;
Zamaratskaia et al., 2008a,b; Font i Furnols et al.,
2008). Immunocastration with Improvac consistent-
ly reduced the production of testicular steroids and
androstenone along with the size of reproductive
organs, as well as skatole levels.

Possibility of use of entire male pigs

Reduction of slaughter weight

Slaughter at a younger age/lower live weight
(before puberty) can reduce the risk of increased
levels of androstenone and skatole. In some countri-
es, e.g. Ireland and the United Kingdom, male
pigs are produced intact. This approach does not
negatively affect animal welfare; however, from
an economic point of view it is not an attractive
option. Additionally, slaughter at lower weight does
not entirely eliminate boar taint (4/dal et al., 2005;
Zamaratskaia et al., 2005a).

Management strategies (diet and hygienic
conditions)

Given that skatole originates from tryptophan
in porcine large intestine, it is not surprising that
dietary composition is an important factor affecting
skatole levels. Reduction of skatole levels by dietary
means has been a subject of a considerable research
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effort over the past decades (Lundstrom et al., 1994;
Jensen et al., 1995; Claus et al., 2003; Zamaratskaia
et al., 2005a). Non-digestible carbohydrates are
known to reduce intestinal production of skatole.
For instance, Jensen et al. (1995) and Whittington
et al. (2004) found reduced skatole levels in fat in
pigs fed sugar beet pulp. Dietary supplement of
raw potato starch reliably reduced skatole levels
in porcine tissues in castrated male pigs (Claus et
al., 2003), entire male pigs (Zamaratskaia et al.,
2005a) and female pigs (Zamaratskaia et al., 2006).
This reduction might be due to the inhibition of cell
apoptosis in the colon and thus reduced tryptophan
availability for skatole production (Claus et al.,
2003). Butyrate, which is formed in high quantities
when the supply of resistant starch is high, can cause
a reduction in apoptosis of epithelial cells and redu-
ces availability of the skatole precursor tryptophan
(Claus et al., 2003). Additionally, changes in dietary
composition may modify intestinal transit time and
the microbial activity in the intestine (Jensen et al.,
1995).

Environment is also an important factor affect-
ing skatole production in the intestine. Temperature
and ventilation in the stable as well as stocking rate
were shown to affect skatole levels (Hansen et al.,
1994).

Genetic selection for ‘low taint’ pigs

Some selection experiments have been perfor-
med to reduce androstenone levels (Sellier and Bon-
neau, 1988; Willeke and Pirchner, 1989; Sellier at
al., 2000). However, the selection against andro-
stenone can lead to reduced levels of anabolic
hormones as well, which in turn negatively affects
growth performance of entire male pigs and onset
of puberty in gilts and boars (Sellier and Bonneau,
1988; Willeke and Pirchner, 1989). To eliminate the
undesirable side-effects of selection procedures it is
essential to detect pigs that express low androsteno-
ne levels at sexual maturity. The development of
genetic markers for pigs with low androstenone and
skatole levels would allow the selection of taint-free
pigs. The subject has been reviewed in more detail
elsewhere (Zamaratskaia and Squires, 2009).

Detection of boar taint

The use of entire male pigs in pork industry
requires identification of pigs with high level of
boar taint to insure that no tainted meat reaches the
consumers. Rapid, cheap and reliable methods to de-
tect boar taint are needed. There are a number of ana-
lytical methods, e.g. HPLC, LC-MS, GC, GC-MS,
RIA and ELISA, developed for the measurement of

concentrations of skatole, androstenone and both in
adipose tissue. However, the application of these
methods on the slaughter line is not realistic because
of complicated sample preparation and purification
steps. The colorimetric method to measure skatole
equivalents in adipose tissue (Mortensen and So-
rensen, 1984) has been used online in Danish sla-
ughterhouses. This method is rapid and simple;
however, it does not provide information about the
levels of the other important boar taint compound,
androstenone. A colorimetric method for total 16-
-androstenes was also developed (Squires, 1990)
but never used at slaughterhouses. It was recently
suggested that measurements of boar taint levels in
carcasses can be performed using an electronic nose
based on ion mobility spectrometry (Vestergaard et
al., 2006). However, an automatization of an on-line
system based on electronic nose technology requires
further development. As discussed by Vestergaard
et al. (2006), “this would not necessarily imply the
need for a skatole and androstenone specific sensor
array, since also other possible compounds may be
involved in the sensory perception of boar taint, but
rather a broad-selectivity sensor array that matches
the sensory perception of boar taint, which in turn
should be calibrated against national consumer
thresholds”.

Besides, other simple methods to detect pigs
with high boar taint levels have been proposed, e.g.
measurement of reproductive organ sizes. Bonneau
and Russeil (1985) suggested that the measurement
of bulbourethral glands could be used as an indi-
rect estimation of androstenone levels in fat from
entire male pigs. Zamaratskaia et al. (2005b) show-
ed that pigs of a crossbred (Swedish Yorkshire
damsxSwedish Landrace sires) with testes weight
below 565 g and a bulbourethral gland length below
90 mm had low skatole levels; low androstenone
levels in this study could not be predicted by the
size of reproductive organs. Pigs with reproductive
organs above those levels should further be tested
for skatole concentrations in fat. Thus, the use of
such a method can reduce the number of carcasses
for chemical analyses, but cannot be used as the
basis on which to reject carcasses. Therefore, further
investigations are required to develop a rapid and
sensitive method for the systematic analysis of boar
carcasses. The tainted meat could then be used for
processed meat products.

Camouflage of boar taint

Except for potential presence of boar taint,
meat from entire male pigs does not substantially
differ from that from female or castrated pigs. The-
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refore, tainted meat can be used after diluting with
non-tainted meat. Processing of meat from entire
male pigs can also neutralize the perception of boar
taint. It was suggested that liquid smoke was able
to mask the taint perception in sausages from entire
male pigs (Stolzenbach et al., 2009). Wood et al.
(1993) demonstrated the importance of the cooking
temperature on the acceptability of meat from entire
male pigs. Finally, consumption of cold products
from tainted meat does not induce such strong ne-
gative reactions among consumers as consumption
of products immediately after heating (Pearson et
al., 1971). However, development of processing
technology to camouflage boar taint needs more
research.

Sorting sperm for sex pre-selection

Gender selection has lately been discussed as
a promising tool for the pork industry (Johnson,
2000). Production of female-only herds through sex
pre-selection is an alternative to surgical castration.
However, the technique for gender selection is not
commercially available at present. Large quantities
of sperm are required for such a selection because
of sperm losses and cell damage during selection.
The other severe drawback of this method is an
image of “manipulating nature”. However, the
technique might become a promising strategy in
pork production if it is effective and precise, and
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HOCHDRUCKBEHANDLUNG BEI
FLEISCHERZEUGNISSEN*

Dederer Irina

Zusammenfassun g Es wurden die durch die Hochdruckbehandlung (HDB) von Fleischerzeugnissen

hervorgerufenen chemisch-physikalischen, mikrobiologischen und sensorischen Verdnderungen diskutiert. Die Wirkung vom
hohen hydrostatischen Druck wurde auf die Inaktivierung der produktspezifischen Kontaminationsflora in vakuumverpacktem
Briihwurstaufschnitt und der Bakteriensporen in Brithwurstkonserven untersucht. Durch die HDB mit 600 MPa bei 20 °C konnte
kein Wachstum von nicht sporenbildenden Bakterien festgestellt werden und somit wurde die Haltbarkeit des untersuchten
Briihwurstaufschnittes wesentlich verbessert. Bei der kombinierten Anwendung von Hochdruck- und Wirmebehandlung war es
maoglich durch die druckinduzierte Auskeimung bei einem moderaten Druck von 300 MPa und nachfolgender Pasteurisation alle
Sporenbildner zu inaktivieren. Die so hergestellten tropenlagerfihigen Brithwurstkonserven waren von sehr guter sensorischer
Qualitdt.
Schliisselworter: hochdruckbehandlung, fleischerzeugnisse, brithwiirstaufschnitt

High-pressure treatment of meat products

Abstract: Chemical-physical, microbiological and sensory changes caused by the high-pressure treatment (HPT) of
meat products were reported. The effect of the high hydrostatic pressure was examined for the Inactivation of the contamination
flora specific for vacuum-packed sliced cooked sausages and the bacterial spores in canned cooked sausages. By the HPT of
600 MPa and 20 °C it was ascertained no growth of the not sporeformers and therefore the stability of the examined sliced
cooked sausages was substantially improved. With the combined application of high-pressure and heat treatment it was possible
to inactivate all sporeformers by the pressure-induced germination with a moderate pressure of 300 MPa and the following
pasteurization. Tropical-stroable canned cooked sausages made in this way were of very good sensory quality.

Key words: high-pressure treatment, meat products, cooked sausages

Tretiranje proizvoda od mesa visokim pritiskom

Sadrzaj: Uradu su prikazane fizicko-hemijske, mikrobioloSke i senzorne promene proizvoda od mesa izazvane
tretmanom sa visokim pritiskom (TVP). Ispitivan je efekat visokog hidrostatskog pritiska na inaktivaciju mikroflore specificne
za vakuum pakovanje slajsovane kuvane kobasice i bakterijskih spora kod kuvanih kobasica u konzervi. Primenom tretmana sa
visokim pritiskom (TVP) od 600 Mpa, na temeraturi od 20 stepeni, postignuta je potpuna inhibicija sporogenih mikroorganiza-
ma, i na taj nacin, znacajno povecana stabilnost ispitivanih kuvanih kobasica. Kombinovanom primenom tretmana sa visokim
pritiskom (TVP) i termickog tretmana inaktivisani su svi sporogeni mikroorganizmi, germinacijom koja je izazvana pritiskom,
primenom umerenog pritiska od 300 Mpa i pratecom pasterizacijom. Ovako izradene tropske kuvane kobasice bile su veoma
dobrog senzornog kvaliteta.

Kljuéne redi: tretman visokim pritiska, proizvodi od mesa, kuvane kobasice

Einleitung

Die Anwendung hoher hydrostatischer Driicke
als neues und zukunftsweisendes Verfahren der Le-
bensmittelbehandlung hat sich innerhalb des letz-
ten Jahrzehnts in einigen Lebensmittelbereichen
praktisch durchgesetzt. Die Lebensmittel, wie auch
Fleischerzeugnisse, konnen auf relativ schonende
Weise, ohne Anwendung hoher Temperaturen halt-
bar gemacht werden. Es gibt aber bei Fleisch und

Fleischerzeugnissen wenige Forschungsergebnisse,
die die Vorteile dieser Technologie gegeniiber kon-
ventionellen Konservierungsverfahren belegen.

Auf dem internationalen Markt gibt es be-
reits einige Produkte, die mit groBem Erfolg ver-
marktet werden. Die folgenden Einsatzgebiete
geben einen Eindruck von den vielfdltigen Mogli-
chkeiten dieses neuen Konservierungsverfahrens:
Japan: Sifte, Konfitiiren, Desserts, Fruchtkonzen-
trate; USA: Avocadoplirees, Direktséfte; England:

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTHOR: Irina Dederer, irina.dederer@mri.bund.de, Max Rubner-Institut (MRI) Standort Kulmbach, Bundesforschungsinstitut fir
Erndhrung und Lebensmittel, E.-C.-Baumann-Str. 20, 95326, Deutschland
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Milchprodukte; Frankreich: Génseleberpastete, Di-
rektsdfte; Spanien: Roh- und Kochschinkenprodu-
kte; Kanada: Gefliigelfleischprodukte; Deutschland:
Rohschinken, Fruchtzubereitungen. Bei den genan-
nten Produkten brachte die Hochdrucktechnolo-
gie deutliche Qualitétsvorteile gegeniiber der kon-
ventionellen Hitzekonservierung.

Zweck der HDB von Lebensmitteln: Konservi-
erung (Abtdtung von Mikroorganismen), Verdnder-
ung von Reaktionskinetiken, Proteindenaturierung,
Enzyminaktivierung oder —aktivierung, Anderung
der Eigenschaften von Polymeren (Kohlenhydraten
und Fetten). Die hydrostatischen Driicke, die im
Lebensmittelbereich angewandt werden, bewegen
sich im Bereich zwischen 100 und 1000 MPa. Die
DruckgefdBgroen kommerzieller Anlagen liegen
heute zwischen 100 und 500 Litern. Die Behand-
lung erfolgt meist diskontinuierlich. Wegen der
augenblicklich noch hohen Gerétekosten beschriankt
sich die Anwendung auf qualitativ hochwertige Pro-
dukte. Es ist allerdings abzusehen, dass sich mit
fortschreitender technischer Entwicklung und gro-
Berer praktischer Erfahrung die Anzahl vermark-
tungsfahiger Produkte erh6hen wird und die Kosten
dieser umweltfreundlichen Technologie zuriickgeh-
en werden. Die weitaus meisten Anwendungen und
Patente befassen sich bisher mit Obst und Gemiise,
wihrend Lebensmittel wie Milch, Fleisch und Fisch,
vor allem hinsichtlich chemisch-physikalischer
Wirkungen einer HDB, eine untergeordnete Rolle
spielen. Dies mag damit zusammenhéngen, dass die
durch die HDB ausgeldsten Umsetzungen in den
protein- und fetthaltigen Lebensmitteln tierischer
Herkunft vielgestaltiger und damit uniibersichtlicher
sind als in der Matrix eines Gemiises oder eines
Obstsaftes.

Untersuchungen an Fleisch und Fleischerze-
ugnissen zeigten, dass die sensorische Qualitét nur
bedingt erhalten werden kann. Die Vorbehandlung
— Denaturierung, Abtrocknungsgrad, Oberflichen-
-Volumen-Verhiltnis — sowie Rezeptur und Umge-
bungsbedingungen haben Einfluss auf durch die
HDB bewirkte Effekte in Farbe, Konsistenz, Gesch-
mack und Mikrobiologie. Um fiir die Praxis rele-
vante Resultate zu erhalten, miissen konkrete Unter-
suchungen an einzelnen Lebensmitteln durchgefiihrt
werden.

Einfluss der HDB auf die stoffliche Zusamensetzung

Wasserlosliche Vitamine wie Vitamin C, Vi-
tamine B1, B2 und B6 und Folsdure scheinen durch
die Druckbehandlung unter realistischen Produk-
tionsbedingungen nicht oder nur wenig (Serfert,
2002) beeinflusst zu werden.

Uber die Oxidation der Fette im Lebensmittel
durch Hochdruckbehandlung finden sich wider-
spriichliche Aussagen, die oftmals nicht deutlich
gegen die Verdnderungen wihrend der Lagerung
abgegrenzt sind. Enzymatische Restaktivititen,
Fettsdurespektrum, Wassergehalte, pH-Wert, Oxida-
tionsgrad vor der Druckbehandlung, Pro- und Anti-
oxidantien haben einen entscheidenden Einfluss
auf die druckinduzierte Verianderung der Lipide
und den Oxidationsverlauf wihrend der Lagerung.
Strukturverdnderungen der Zellmembran bis hin
zur Zerstorung des Zellverbundes beeinflussen
ebenfalls die Oxidation der Lipide. Ergebnisse
unserer Untersuchung der Fettoxidation bei Briih-
wurstkonserven zeigten, dass die HDB nur einen
minimalen Einfluss auf die Fettoxidation hat. Bei
der Rohwurst kam es durch HDB zu einem leichten
Anstieg der Fettoxidationsparameter. Wéhrend der
nachfolgenden Lagerung traten geringfiigige oxida-
tive hochdruckinduzierte Fettverdnderungen auf.

Kohlenhydrate zeigen sich weitgehend un-
empfindlich gegen Druck. Jedoch koénnen Poly-
saccharide hinsichtlich Wasserbindungs- und Gel-
bildungseigenschaften beeinflusst werden. Die
Verdnderungen betreffen jedoch die funktionalen
Eigenschaften und beinhalten nicht strukturelle
Anderungen. (Pfister, 2000).

Die Primérstruktur der Proteine wird durch
Druck nicht beeinflusst. Der Druck beeinflusst hy-
drophobe Wechselwirkungen und damit die Quartar-
struktur, die Tertidrstruktur durch reversibles Entfal-
ten und die Sekundérstruktur durch irreversibles
Entfalten des Proteins. Druckinduzierte Gele haben
andere rheologische Eigenschaften als hitzeinduzi-
erte. Die Protease-Abbaubarkeit druckmodifizierter
Proteine ist erhoht, was mdglicherweise auf eine
hohere Wasserbindungskapazitdt hindeutet. Von
besonderem Interesse ist das Verhalten von Prion-
-Proteinen. So fithrte Hochdruckbehandlung von
(Hamster und Rinder) Prion-Proteinen zu einer
Verringerung der Proteolyseresistenz der Prionen
(Heinz, Kortschack, 2002).

Bei Enzymen kann durch Druckbehandlung
sowohl die Aktivitdt als auch die Substratspezifi-
tdt beeinflusst werden. Auch eine partielle Inak-
tivierung ist moglich, Reaktivierung der Enzym-
aktivitit, z.B. wahrend der Lagerung, kann u.a. zur
Bildung unerwiinschter Stoffe fithren. In einigen
Féllen ist auch eine Aktivititssteigerung von En-
zymen unter Druck zu beobachten, was wihrend
der Druckaufbauphase zu Fehlaromen fithren kon-
nte. Bildung toxischer Verbindungen aufgrund ve-
randerter Substratspezifitit unter Druck wurde bish-
er nicht beobachtet (Fernandez Garcia, 2002)

tehnologija mesa 50 (2009) 1-2, 48-53

49



HOCHDRUCKBEHANDLUNG BEI FLEISCHERZEUGNISSEN

Tretiranje proizvoda od mesa visokim pritiskom

Einfluss der HDB auf die vegetativen
Mikroorganismen

Da bei HDB um ein Konservierungsverfahren
geht, wird in der ersten Linie iiber die Inaktivier-
ung der Bakterien gesprochen. Grundsétzlich sind
zwei antimikrobielle Wirkungen zu unterscheiden:
Wachstumverzogerung und Abtotung der Keime.
Eine vollstindige Abtétung aller vorhandenen
vegetativen Keime gelingt oft nur bei sehr hohem
Druck. Vegetative Zellen der Bakterien werden
durch hydrostatischen Druck im Bereich von 150—
800 MPa abgetotet. Mit dem steigenden Druck
erhoht sich auch die Inaktivierungsrate. Elektronen-
mikroskopische Aufnahmen von druckbehandelten
Bakterienzellen zeigten, dass es nur selten zu einer
sichtbaren Zerstorung der Zellen kommt. Meist
bleiben die Zellen in ihrer Struktur erhalten; weisen
dann nur einige Verdnderungen der Membranen
auf. Direkt nach der Behandlung sind die Zellen
nur eingeschrinkt wachstumsfahig. Sie konnen
in geeigneten Medien sich erholen und wieder ver-
mehren. Wichtig ist, dass auf die Empfindlichkeit
von Bakterien gegeniiber dem Hochdruck eine ganze
Reihe von Faktoren beeinflussen. Hierzu gibt es eine
Vielzahl von Untersuchungen auch mit pathogenen
Mikroorganismen. Das Uberleben vegetativer Ze-
llen wahrend und nach einer HDB héngt stark von
der Lebensmittelmatrix.

Neuere Literaturergebnisse deuten darauf hin,
dass die Hochdruckbehandlung (300 MPa, 17 °C,
10 min) eine zusétzliche Hiirde fiir die mikrobiolo-
gische Stabilitdt von schwachsaurer Rohwurst hin-

sichtlich der Salmonellen darstellt. Fiir die Inakti-
vierung von Listerien war Druck von 600 MPa fiir
10 Minuten notwendig.

Die folgenden mikrobiologischen Daten un-
serer Untersuchung beziehen sich auf die Entwickl-
ung der Keimflora, die im Wesentlichen durch
Rekontamination auf die thermisch behandelte
Brithwurst (Mortadella) und damit in die Packung
gelangt ist. Verglichen werden jeweils die nach
unterschiedlichen Verfahren hochdruckbehandelte
Ware und eine nicht hochdruckbehandelte Kon-
trollcharge. Erfasst wurden die aerobe, mesophile
Gesamtkeimzahl, die Gruppe der Laktobazillen
sowie die Vertreter der Enterobacteriaceae.

Die Hochdruckbehandlung wurde in einer
Hochdruckanlage der Fa. EPSI (Belgien) bei Ra-
umtemperatur (20°C) mit 600 MPa als Intervall-
behandlung mit zweimal 4 Minuten Druckhaltezeit
und 2 Minuten Pause durchgefiihrt. Unmittelbar
nach der Hochdruckbehandlung und nach 7, 14, 21,
28, 35 und 38 Tagen bei 7 °C Kiihllagerung wurden
die Brithwurstproben mikrobiologisch untersucht.

Durch die Druckbehandlung wurde die Ge-
samtkeimzahl um ca. 1 Zehnerpotenz reduziert
(Abb.1). Die Zahl der Milchsdurebakterien in
behandelten Proben lag unter der Nachweisgrenze.
Die Enterobacteriaceae waren in keinem Fall
nachweisbar. Wihrend der Lagerung stieg die
Gesamtkeimzahl der Kontrollen bis zum 35. La-
gerungstag bis auf 108 KBE/g an. Die Mikroflo-
ra der Kontrollen bestand iiberwiegend aus den
Milchsdurebakterien. Wéahrend der gesamten Lage-
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Abb. 1. Entwicklung der Keimzahlen bei HDB von Brithwurstaufschnitt
Figure 1. Pracenje broja mikroorganizama pomoc¢u HPT kod narezanih kuvanih kobasica
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rung der druckbehandelten Proben kam es nicht zum
Anstieg der Gesamtkeimzahl sowie der Milchsé-
urebakterien. Bis zum 38. Lagerungstag blieben die
Milchsaurebakterien unter der Nachweisgrenze. Die
im Rahmen der Gesamtkeimzahl nachgewiesenen
Bakterien der HDB-Proben waren ausschlieBlich
Bazillen.

Ergebnisse der Inaktivierung der Sporen in
Fleischerzeugnissen durch die HDB

Bei den Bakteriensporen verlduft das ganz
anders. Der nicht einfacher Mechanismus der In-
aktivierung beruht darauf, dass sich zwei wirkende
Wege iiberlagern: die druckinduzierte Auskeimung
und die subletale Schiddigung der Sporen. Der
Druck allein ist fiir die Inaktivierung der Sporen
nicht ausreichend, dazu werden noch zuséitzliche
Faktoren benétigt. Eine kombinierte Anwendung
der Hochdruck- und der Wérmebehandlung waren
in unseren Versuchen fiir die vollsténdige Inaktivi-
erung der Bakteriensporen notwendig. Dabei sol-
len zwei prinzipiell mogliche Vorgehensweisen
gepriift werden. Die Druckbehandlung kann direkt
im Aufschluss an die Pasteurisation erfolgen,
in der vortemperierten Kammer. Zweite Mogli-
chkeit ist die zeitversetzte Anwendung der Wir-
me- und Hochdruckbehandlung. Hierbei wird
die Tatsache benutzt, dass die Sporen nach einer
Hochdruckbehandlung — druckinduziert - auskei-
men. Die ausgekeimten Sporen weisen dann eine ge-

ringere Resistenz auf als die Sporen. Die wichtigst-
en Parameter einer HDB sind die Hohe des Drucks,
die Behandlungstemperatur, die Art der Druck-
behandlung und die Druckhaltezeit. Diese Parameter
wurden in den Inaktivierungsversuchen variiert.

Fir die Inaktivierungsexperimente wurde
Briihwurstbrit aus 64 % Rindfleisch, 18 % Sonnen-
blumendl und 18 % Eis hergestellt. Als Zutaten
wurden 16 g/kg Nitritpokelsalz, 3,0 g/kg Phosphat,
7 g/kg Gewiirzmischung und 0,3 g/kg Ascorbat
verarbeitet. Um eine ausreichende Sicherheit zu
gewihrleisten, erfolgte die Beimpfung des Briih-
wurstbrites mit einem Pool aus aeroben und ana-
eroben, mesophilen und thermophilen Sporen (Ba-
cillus subtilis ATCC 6633, Clostridium sporogenes
PA 3679, Bacillus stearothermophilus DSM B171
und Clostridium thermosaccharolyticum DSM) mit
jeweils 10° Sporen/g. Das beimpfte Brat wurde in 50 g
Alu-Dosen abgefiillt, verschlossen und anschlieend
erhitzt und hochdruckbehandelt.

Die Ergebnisse der Untersuchungen zeigten,
dass die Sporen von Clostridium thermosaccharoly-
ticum DSM und Bacillus stearothermophilus DSM
B171 nach der Pasteurisation und anschlieBender
Hochdruckbehandlung mit 500 MPa und Bacillus

subtilis-Sporen ab 600 MPa bei der Temperatur
von 75 °C nicht mehr nachweisbar waren. Clo-
stridium sporogenes erwies sich in den bisher-
igen Untersuchungen als der mit Abstand druck-
resistenteste Sporenbildner.
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Abb. 2. Einfluss verschiedener Druckhéhen und Temperaturen auf die
Inaktivierung der Sporen von Clostridium sporogenes
Slika 2. Uticaj razli¢itih vrednosti pritisaka i temperatura na inaktivaciju spora
Clostridium sporogenes
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Fiir die vollstdndige Inaktivierung der Clostri-
dien-Sproren in den untersuchten Brithwurstbréten
waren ein hoher Druck von 900 MPa bei einer
niedrigeren Temperatur von 65 °C oder eine hdhere
Temperatur von 80 °C bei einem niedrigeren Druck
von 600 MPa notwendig (Abb. 2). Jedoch war
diese Behandlung fiir die Struktur des Produktes
schidlich, deshalb wurde die zweite Moglichkeit —
druckinduzierte Auskeimung der Sporen untersucht.
Dafiir wurde das mit dem obengenanten Pool der
Sporenbildner (mit jeweils 105 Sporen/g) beimpfte
Brithwurstbrit sofort nach dem Abfiillen in Dosen
bei einem moderaten Druck von 300 MPa in zwei
Zyklen von 2 Mal 4 Minuten im auf 50 °C vortempe-
rierten HD-Behilter, hochdruckbehandelt.

Danach erfolgte die druckinduzierte Auskeim-
ung der Sporen bei unterschiedlichen Bebriitungsze-
iten von 20 bis 100 Minuten mit dem 10-miniitigen
Abstand bei 37°C fiir die mesophilen und bei 60 °C

Wie die Ergebnisse der Bebriitung zeigten,
waren wihrend der Inkubationszeiten zwischen 20
und 100 Minuten ca. 10*als Sporen, mit zunehmender
Tendenz zwischen 10* und nahe 10° als vegetative
Keime nachweisbar. Nach der Bebriitung wurden die
Proben bei 95°C unterschiedlich lang erhitzt. Nach
20-miniitiger Erhitzung iiberlebten nur 10 vegetative
Clostridium sporogenes in Proben, ab 30-miniitiger
Bebriitungszeit konnte in den erhitzten Proben kein
Wachstum aller untersuchten Sporenbildner mehr
festgestellt werden.

Durch eine zweistufige zeitversetzte druckind-
uzierte Hochdruckbehandlung gelang es mit einem
moderaten Druck von 300 MPa die Sporen zum
Auskeimen anzuregen. Bei geeigneter Bebriitungs-
zeit ab 30 min verlieren die Sporen so viel von ihrer
Hitzeresistenz, dass sie bei einer Kerntemperatur
von 95°C nach 20 min vollstdndig inaktiviert wer-
den konnten.

Abb. 3: Druckinduzierte Auskeimung mit nachfolgender Hitzeinaktivierung von Clostridium sporogenes bei
95°C und der Erhitzungsdauer von 20 Minuten
Figure 3. Germinacija spora klostridija inukovana pritiskom sa prateCom pasterizacijom na
95°C tokom 20 minuta

fiir die thermophilen Sporenbildner. Dabei sollte bei
der Sporenauskeimung die Zeit festgestellt werden,
in der die Sporen noch nicht vollstindig ausgekeimt
sind, aber ihre sporenspezifische Hitzeresistenz be-
reits verloren haben. Zu Beginn der Auskeimung der
Sporen zur Entwicklung einer vegetativen Bakteri-
enzelle wird die fiir die Hitzeresistenz verantwortliche
Dipicolinsdure in der Zellwand der Spore abgebaut.
Daher war es nicht notwendig so lange zu inkubieren
bis alle Sporen vollstindig ausgekeimt sind.

Die so hergestellten Brithwurstkonserven hatt-
en nach sensorischen Bewertung Frischwarencha-
rakter. Nach 24-monatiger Bebriitung der mit den
4 vorgenannten Sporenbildnern beimpften Briih-
wurstkonserven bei 37°C und 55°C gab es keine
Bombagen. Bei mikrobiologischen Untersuchung
konnten keine Bakterien oder Sporen nachgewiesen
werden. Diese Ergebnisse sind ausschlielich re-
prasentativ fiir die untersuchte Rezeptur und die
verwendeten Sporenbildner. Bei anderen Rezepturen
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(z. B. pH-Wert, aW- Wert, Kochsalzgehalt, Pokelsto-
ffe) bzw. anderen Sporenbildnern sind abweichende
Ergebnisse nicht auszuschliefen.

Schlussfolgerungen

Hohe hydrostatische Driicke kénnen in Ab-
héngigkeit von den gewihlten Temperatur/Zeit-
Bedingungen zur teilweisen oder vollstandigen In-
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FAST DRYING OF DRY-CURED MEAT PRODUCTS:
QUICK-DRY-SLICE (ODS) PROCESS TECHNOLOGY™

Comaposada J., Arnau J., Garriga Margarita, Ferrini G., Xargayo Marta, BernardoJ., Corominas Montserrat,
Gou P, Freixanet, L., Lagares J., Monfort J. M.

Abstract: The traditional process for dry-cured meat products is time consuming. A Quick-Dry-Slice process based
on a continuous system that combines both convective and vacuum drying could accelerate the drying of slices after the desired
pH is reached in fermented sausages.

Key words: sausage, rapid, dehydration, fermentation, vacuum

Brzo susenje suvih i salamurenih proizvoda od mesa: tehnologija brzog susenja odrezaka

Sadrzaj: Tradicionalni proces susenja i salamurenja proizvoda od mesa zahteva mnogo vremena. Proces brzog
suSenja odrezaka zasnovan je na kontinualnom sistemu koji kombinuje susenje konvekcijom i vakuum suSenje, a moze da ubrza
suSenje odrezaka nakon postizanja Zeljenog pH u fermentisanim kobasicama.

Kljucéne reci: kobasica, brzo, dehidrazacija, fermentacija, vakuum

Introduction

In the manufacture of dry-cured meat products
by traditional methods, the drying stage is the most
time consuming. In traditionally used drying met-
hods this stage takes 1-2 weeks for small caliber fer-
mented sausages, three to six weeks in the case of
fermented sausages with higher diameter, and 1.5-3
years in Iberian dry-cured hams. During the fermen-
tation process the pH drops, the pieces of meat bind
and so facilitate the slicing process. During the dry-
ing phase, the product undergoes a dehydration pro-
cess that is accompanied by a series of biochemical
reactions produced by endogenous and microbial enzy-
mes, which break down part of the lipids and proteins
which gives the product its characteristic texture and
flavor. In conventional dryers, dry air is injected by
nozzles located in a series of perimeter conduits and
the moist air is returned through a series of centrally
mounted conduits located on the ceiling of the drying
chamber. The design of these dryers causes the air
passing over the meat products located next the nozzle
exits to have different properties than the air passing
over the products in other parts of the dryer.

The drying process is affected by the resistance
of the meat to the flow of water and the distance that
the water must travel until it reaches the surface of
the product in order to be extracted (Crank, 1975).
The objective of this study is the evaluation of a
drying process for slices of meat products after
fermentation, where the drying process consists of
a convection phase followed by a vacuum drying
phase (Quick-Dry-Slice process).

Drying technology based on the “Quick-Dry-
Slice process”

Quick-Dry-Slice (QDS) drying technology is
based on the drying and maturing method for sliced
products proposed by Comaposada et al., 2004. In
this technology, the sausages are fermented until
they attain the desired pH, then frozen, sliced and
dried following a convective drying stage and a
subsequent vacuum drying stage. With this drying
process it is possible to obtain the desired water
content and texture in only 30 minutes (Figure 1).

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTHORS: Josep Comaposada, josep.comaposada@irta.es, Jacint Arnau, Margarita Garriga, Gabriele Ferrini, Pere Gou, Josep
Ma Monfort. IRTA, Finca Camps i Armet, E-17121 Monells, Girona, Spain; Marta Xargayd, Lloreng Freixanet, Josep Lagares.
METALQUIMIA S.A., St. Pong de la Barca, s/n, 17003 Girona, Spain; Jordi Bernardo, Montserrat Corominas. CASADEMONT S.A.,

Paratge Constantins, s/n, 17164 Bonmati, Girona, Spain.
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Figure 1. Time comparison between the traditional
drying process and the process using QDS tech-
nology for drying dry-cured meat products with a
diameter of approximately 80 mm.

Slika 1. Poredenje izmedu tradicionalnog postupka
suSenja i QDS tehnologije kod suSenja salamurenih
proizvoda od mesa pre¢nika 80 mm

The QDS system

The QDS system developed by Metalquimia
S.A. (Figure 2) was designed according to a
continuous production system. There is a charging
zone for frozen slices, a tempering and pre-drying
zone with air circulation, and a vacuum drying zone
in which the required moisture is extracted from the
slices. Finally, and depending on the exit temperature
of the slices, the product is tempered again prior to
being packaged in order to prevent condensation
or adherence of fat to the packaging. The slices are
placed on a stainless steel belt designed to facilitate
the extraction of moisture from the slices, both
during drying by convection and during the vacuum
drying phase. The air used for drying and tempering
during the forced convection stage is purified by
means of a high efficiency particulate air (HEPA)
filter in order to minimize contamination of the air
coming into contact with the product. In addition,
the speed of the tempering and drying processes can
be adjusted by controlling the temperature, relative
humidity and velocity of the air passing over the
product. The vacuum drying stage is controlled
mainly via the operating pressure and the heating
temperature. The different stages of the processes
are linked with one another by means of conveyor

belts and slice loading/unloading mechanisms. The
complete process is controlled by a PLC which
additionally enables monitoring and recording of the
control parameters.

Figure 2. The QDS system: 1. Tempering and pre-
drying section; 2. Vacuum drying section; 3. Air
purification circuit with HEPA filter
Slika 2. QDS sistem: 1. temperiranje i faza
predsusenja; 2. faza vakuum susenja; 3. sklop za
prec¢is¢avanje vazduha sa HEPA filterom

Microbiological and sensory evaluation

A number of studies were carried out to compare
the safety and the sensory properties of the dry-cured
meat products produced by the traditional method with
those produced by the QDS process. In these studies the
microbiological quality of ,,salchichdn” sausages was
evaluated after determining the following parameters:
bacterial counts of Staphylococcus aureus, sulfite-
-reducing clostridia, Escherichia coli and Listeria
monocytogenes. In addition, the presence / absence
of Salmonella was also investigated in 25 g samples.
The study also included the pH measurement of the
products at different sampling times, as well as the
water activity of the final product.

The pH of the fermented sausages dried by the
traditional method was lower than that of those dried
by means of the QDS process (Table 1). Moreover,
an additional reduction of pH was observed in
fermented sausages stored at 13°C, an effect that was
not found at 1°C.
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Table 1. Average losses obtained for the different drying processes and pH of fermented sausages at different
sampling times
Tabela 1. Prosecan kalo dobijen za razliite procese susenja i pH za fermentisane kobasice pri razli¢itim
vremenima uzorkovanja

Drying | Drying pH
i i time losses | &, End of
Drying process Batch Diam. Yrvi Before End of 3 month storage
rying , :
/ days % drying | drying 1°C 13°C
.. 1 80 38 28.6 0.907 5.32 4.89 5.00 4.70
Traditional
2 80 38 26.5 0.917 5.21 4.85 4.99 4.63
QDS 1 80 <1 30.7 0.902 5.32 5.25 5.14 4.99
2 80 <1 32.8 0.887 5.21 5.15 5.20 5.15
The results of the microbiological analyses and ditional and QDS), as well as the subsequent sto-
the Staphylococcus aureus, sulfite-reducing clostri- rage of the vacuum-packed slices of ,,salchichon
dia and Escherichia coli counts for each sampling sausage, achieve similar results in terms of reducing
time are shown in Tables 2, 3 and 4, respectively. the number of microorganisms below the detection
The results show that both drying processes (tra- limit.

Table 2. Staphylococcus aureus (log cfu/g) counts in fermented sausages depending on the drying process
Tabela 2. Broj Staphylococcus aureus (log cfu/g) u fermentisanim kobasicama u zavisnosti od procesa susenja

Drying Batch Before | End of Storage
process drying | drying 15 days 4°C | 3 months 1°C | 3 months 13°C
1 1.94 <1.00 <1.00 1.10 <1.00
Traditional
2 2.26 1.03 <1.00 <1.00 <1.00
1 1.94 1.77 <1.00 <1.00 <1.00
QDS
2 2.26 1.91 1.27 <1.00 1.10

Table 3. Sulfite-reducing clostridia (log cfu/g) counts in fermented sausages depending on the drying process.
Tabela 3. Broj sulfitoredukujucih klostridija (log cfu/g) u fermentisanim kobasicama u zavisnosti od procesa

susenja
Drying Batch Before | End of Storage
process drying | drying | 15days4°C | 3 months 1°C | 3 months 13°C
1 1.22 <1.00 <1.00 <1.00 <1.00
Traditional
2 1.46 <1.00 <1.00 <1.00 <1.00
1.22 <1.00 <1.00 <1.00 <1.00
QDS
2 1.46 1.09 <1.00 <1.00 <1.00

Table 4. Escherichia coli (log cfu/g) counts in fermented sausages depending on the drying process
Tabela 4. Broj Escherichia coli (log cfu/g) u fermentisanim kobasicama u zavisnosti od procesa susenja

Drying Batch Before | End of Storage
process drying | drying | 15days4°C | 3 months 1°C | 3 months 13°C
1 3.45 1.76 1.43 <1.00 <1.00
Traditional
2 3.45 1.86 1.62 <1.00 <1.00
3.45 2.97 1.47 <1.00 <1.00
QDS
2 3.45 2.89 1.22 <1.00 <1.00
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As to the prevalence of Salmonella in the fer-
mented sausages, it was observed that in the case
of a raw material contaminated with this pathogen
(presence in 25 g) prior to drying, the presence of
Salmonella could still be detected in the 25 g sample
of the final product, regardless of the process follow-
ed (traditional or QDS). The studies carried out by
Smith et al., (1975a, 1975b) report the incidence of
dry-cured meat products showing the presence of
Salmonella in those cases where the traditional drying
method was used. The study concludes that in the cases
where the pathogen is present after the pre-maturation
stage, it is difficult to guarantee its absence in the final
product by the reduction of the water activity which
takes place during the drying process. In view of these
problems and in compliance with the Commission
Regulation (EC) No. 2073/2005 on microbiological
criteria for foodstuffs, which requires the absence
of Salmonella in a 25 g sample for these types of
products, the QDS process facilitates the integration
of elements that inactivate this microorganism and
could therefore improve the safety of the dry-cured
meat product. To evaluate this possibility, a very low
dose (<3 NMP/g) of Salmonella was inoculated and
2 g/kg of sodium acetate were added to the mixture
to be processed by the QDS method. The QDS
process showed better results (greater number of 25
g samples showing an absence of the pathogen) than
the conventional process (Garriga et. al., unpublished
results). These preliminary results will be validated in
future investigations.

The Listeria monocytogenes counts, carried
out in all the fermented sausages analyzed, were
all below the detection limit (<20 cfu/g) for all the
sampling times (end of pre-maturation, end of dry-

ing and storage). It can hence be concluded that,
starting from raw materials having low counts of
the pathogen in question, it is possible to produce
safe dry-cured meat products in compliance with
the Commission Regulation (EC) No. 2073/2005 on
microbiological criteria for foodstuffs, which limits
the L. monocytogenes counts to <100 cfu/g for this
type of products.

In order to further investigate the effects of
QDS drying on raw materials contaminated with
L. monocytogenes, an experiment was conducted
in which the pathogen was inoculated under con-
trolled conditions. In this experiment, the initial
meat mass was first inoculated with a mixture of
5 different cultures of the pathogen, with counts in
the order of 3x103 cfu/g. It was then subjected to the
fermentation and maturation/drying processes by
both the traditional and the QDS methods. In both
cases, similar reductions in the pathogen counts
were achieved, which shows that the QDS process is
an efficient process with respect to food safety.

It is important to emphasize that there are com-
plementary technologies, such as those based on
high pressures, which have provided satisfactory re-
sults in minimizing the risk when applied to sliced
products (Garriga et al., 2003). High pressure
affects appearance texture and flavour (Fulladosa
et al., 2009). However, the effect is small at the wa-
ter content at which fermented sausages are com-
mercialized. Color parameter L* increases when the
water content increases, while a* parameter decre-
ases (Comaposada et al., 2009). The effect of high
pressure on colour parameters was more important
at a higher water content and hardly apparent at a
lower water content (Fig. 3).

Figure 3. L* and a* color parameter depending on water content in dry-cured meat product with high
pressure processing (7 min. at 500 MPa) and without (control)
Slika 3. L* (svetlina) i a* (stepen intenziteta crvene boje) u zavisnosti od sadrZzaja vode u suvim i salamurenim
proizvodima od mesa proizvedenih pod visokim pritiskom (7 min. na 500 MPa) i bez visokog pritiska (kontrola)
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With regard to the sensory evaluation, the slices
of products made by the QDS process presented a
less acidic aroma and taste than those made in the
traditional manner (Table 5). This could be attributed
to the lack of acidification during drying and the
absence of an acidity gradient between the external
and the internal parts of the slice. In addition, the
volatile acids may have been partially eliminated
during the drying stage. For this reason, in the QDS
process, the pH may decrease to values below those
of the conventional process during pre-maturation.
The colour was also found to be more intense in the
case of the QDS process because the intensity of the
coloring agent Ponceau 4R was not reduced during
the process. The flavor of the product produced by
the traditional method was more balanced and it was
therefore necessary to modify the initial mixture of
spices and flavoring agents in the case of the QDS
process in order to obtain equivalent products in both
cases. Similarly, slight differences in appearance
were found depending on the product. Figure 4
shows various products obtained by both methods
after vacuum-packing.

TRADITIONAL QDS PROCESS

Salchichon

Salami

Chorizo

Figure 4. Visual comparison between “salchichon”,
“salami” and “chorizo” sausages obtained by means
of the traditional method and the QDS method after
7 days of storage in vacuum packs
Slika 4. Vizuelno poredenje iznmedu “salchichén”,
“salami” i “chorizo” kobasica tradicionalnom
metodom i QDS metodom nakon sedam dana
skladiStenja u vakuum pakovanju

Table 5. Evaluation of sensory parameters of
“salchichon” sausage produced by the traditional
method and by the QDS method
Tabela 5. Ocena senzornih parametara “salchichon”
kobasice proizvedene tradicionalnim metodom i
QDS metodom

Drying process
Traditional | QDS
Roughness 0.21a 2.33b
Color 5.96a 6.67b
Flavor cured 6.00a 4.50b
Acidity 5.00a 1.00b

Advantages of the QDS method and
technological challenges

For the commercialization of dry-cured meat
products in slices, QDS technology offers numerous
advantages relative to conventional drying methods.
There are advantages of a technological nature and
others related to the operation and management of
the production process. Among the technological
advantages of the QDS process it is worth mention-
ing the ability to obtain more homogeneous products
showing a less acidic flavour. Furthermore, the pro-
ducts are free from fungi and product safety control
is enhanced thanks to a more precise monitoring of
the process and of the product itself. In addition, the
application of the QDS process results in increased
productivity and decreased residues.

With regard to the production process, the QDS
method offers enhanced production flexibility, an
increase in speed, the possibility to implement just-
in-time systems as well as requiring less space than
conventional methods.

The QDS process may contribute to the deve-
lopment of new formats and products in line with
the trends and lifestyles of today’s consumers, who
demand ready-to-use products in a small format.
It is also important to develop products aimed at
especially sensitive consumer groups (people with
high blood pressure, elderly people, immune-depres-
sed patients, diabetics, obese people, etc.), as well
as other types of products that will help to achieve
the objectives set forth by the NAOS strategy, which
was agreed between the Public Administration (re-
presented by the Ministry of Health and Consumer
Affairs, Ministry of Industry, Ministry of Education
and Science), the Spanish Food Safety Authority
(AESA), the Spanish Food and Drinks Federation,
(FIAB) together with large food producers and
the majority of the Health Departments of the
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Autonomous Communities of Spain, as an attempt
to communicate the need to reduce the daily intake
of fats and salt, among other things.
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THE MICROBIOLOGICAL ECOSYSTEM OF
TRADITIONAL FERMENTED SAUSAGES IN
SERBIA - POSSIBILITY TO CREATE OUR OWN
STARTER CULTURES*

Veskovié-Moracanin Slavica, Obradovic D.

A b stract Today in Serbia, according to the existing world trends, a growing number of meat industries are
implementing in the production active starter cultures. Bearing in mind that in Serbia there is no commercial production of
such cultures, the domestic industry is obliged to purchase such cultures from foreign manufacturers. Such cultures, are as a
rule adapted for the needs of other markets and usually do not result in products which have traditional sensory characteristics
which are acceptable to our customers.

The Project “Technological and protective features of autochthonous bacterial strains isolated from traditional ferment-
ed sausages and possibilities for their application in the meat industry” is financed by the Serbian Ministry of Science and
Technology and has the aim to study the diversity of a number of bacteria such as: Lactobacillus, Micrococcus, staphylococcus
and Streptococcus which carry out the fermentation in narrow diameter sausages “Levacka”, “Sremska” and “Uzicka” from
three different regions in Serbia , as well as to determine the possibility of their use within industrial conditions of production.
Adequate selection and choice of bacterial strains, after their detailed morphological, biochemical, molecular and genetical,
as well as potential technological, protective and probiotic features characterization would make the presumptions needed for
a qualitative step forward in the production of our own starter cultures. With their regular use specific national products with
distinctive sensory features to which our population is accustomed and with improved quality parameters would be obtained.

By realizing the scope the rationale for the use of autochthonous strains of LAB in the production of fermented sausages
their authenticity will be preserved, uniform quality can be obtained, production mistakes avoided, the fermentation and
maturation time shortened and at the same time the typical sensory features preserved and/or improved.

Key words: traditional fermented sausages, isolates, LAB, starter cultures, meat industry

Mikrobioloski ekosistem tradicionalnih fermentisanih kobasica u Srbiji — moguénosti
stvaranja sopstvenih starter kultura*

Sadrzaj: Danas u Srbiji, a u skladu sa savremenim svetskim trendom, sve veci broj industrija mesa u svojoj proizvodnji
primenjuje aktivne starter kulture. Obzirom da kod nas ne postoji njihova komercijalna proizvodnja, domace industrije mesa su
primorane da ih nabavljaju od stranih proizvodaca. Takve starter kulture, po pravilu, prilagodene su potrebama drugih trZista
pa najcesce ne daju proizvode sa tradicionalnim senzorskim svojstvima koja su najprihvatljivija za nase potrosace.

Projekat “Tehnoloske i protektivne osobine autohtonih sojeva bakterija mlecne kiseline izolovanih iz tradicionalnih
Sfermentisanih kobasica i mogucnosti njihove primene u industriji mesa”, koji finansira Ministarstva zy nauku i tehnoloski
razvoj Republike Srbije,ima za cilj sagledavanje diverziteta razlicitih bakterijskih vrsta iz roda Lactobacillus, Micrococcus,
Staphylococcus i Streptococcus, koji su nosioci fermentacije u kobasicama uskog dijametra (,,levacka*, ,, sremska“ i ,, uZicka *)
sa tri podrucja Srbije, kao i utvrdivanje mogucnosti njihove primene u industrijskim uslovima. Adekvatnom selekcijom i
odabirom odredenih sojeva bakterija, nakon njihovih detaljnih morfoloskih, biohemijskih, molekularno-genetskih ispitivanja,
kao i utvrdivanja potencijalno tehnoloskih, protetektivnih i probiotskih svojstava, stvorile bi se pretpostavke za drugi, kvalitetan
iskorak u pravcu sopstvene proizvodnje starter kultura. Njihovom primenom dobili bi se specificni nacionalni proizvodi sa
karakteristicnim i prepoznatljivim senzorskim svojstvima na koje je nase stanovnistvo naviklo, sa, istovremeno, unapredenim
parametrima kvaliteta.

Realizacijom postavljenih zadataka dokazace se svrsishodnost koris¢enja autohtonih sojeva BMK u proizvodnji fer-
mentisanih kobasica, sacuvace se autenticnost proizvoda, dobice se ujednacen kvalitet, izbeci ¢e se manje proizvodne greske,
skratice se proces zrenja i suSenja, a pri tome ce biti ocuvana i/ili unapredena karakteristicna senzorska svojstva proizvoda.

Kljuéne redi: tradicionalne fermentisane kobasice, izolati, BMK, starter kulture, industrija mesa

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTHORS: Slavica Veskovic-Moracanin, slavica@inmesbgd.com , Institute of Meat Hygiene and Technology, Belgrade; Dragojlo
Obradovi¢, Faculty of Agriculture, Zemun — Belgrade
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Introduction

The increasing manufacture of fermented pro-
ducts, after the Second World War, has conditioned
the need for standardized and economical production
on one side, and a safe product on the other. No-
wadays, in order to fulfill these requirements the
modern industry uses specially selected and cho-
sen microorganisms, the so called starter cultures
(Caplice, Fitzgerald, 1999). As during the traditio-
nal production of fermented meat products, the
lactic fermentation is a spontaneous process, often
uncontrolled and based on the activity of the “wild”
epiphytic microflora, the quality of the products
present on the market is variable and often lacking
the specific sensory characteristics. The direction
taken by these processes is guided by the accidentally
present microflora which can give to the fermentation
in an unwanted direction resulting in spoilage. The
manufacture of good products with a standard quality
is possible only if in the meat are the dominant useful
homofermentative strains of LAB are present. If not,
mistakes are not rare (Coretti, 1971, 1975).

The production of a safe product with standard
uniform quality characteristics is an imperative for
every serious producer. By respecting this principle
on one side continuous production can be obtained
and on the other customer confidence can be achi-
eved. Starter cultures, which today are used in the
meat industry, have the purpose not only to achieve
desirable sensory characteristics, but by ensuring
optimal microbiological processes to ensure a safe
production.

The idea to inoculate Lactobacillus cultures for
the production of fermented sausages was presented
for the first time in 1940 by Jensen and Paddock
(US Patent 2, 225, 783) as a way to shorten the
maturation time and to obtain the desired quality and
aroma. The first used starter cultures in the USA meat
industry in 1955 were LAB, such as Pediococcus
cerevisiae (Erkkila S., 2001). At the same time in
Europe Niinivaara is (1955) used the Micrococcus
M53 M53 (Slavica Veskovié, 2009).

Lactic Acid Bacteria (LAB) as the carriers of
lactic fermentation

The ability of LAB to ferment sugars down to
lactic acid is the main principle which determines
their use in the production of fermented meat pro-
ducts (Figure 1). Thus, the stability to ferment carbo-
hydrates, which occurs at the level of fosforilated
substrates, is the key feature of LAB (Slavica Ves-
kovi¢ Moracanin, 2007). They produce lactic acid

as the result of glucose breakdown during glucolysis
or 6- phosphogluconate/ phosphoketolase reaction,
depending if homo or heterofermentative bacteria are
employed (Kandler, 1983; Axelsson, 1998). Homo-
fermentative LAB genus Lactococcus, Pediococcus,
Streptococcus and certain strains of Lactobacilli
convert during anaerobic glucolysis 1mol of glucose
into 2 moles of lactate, while the heterofermentative
group of LAB (Leuconostoc and some Lactobacil-
lus) during anaerobic glucose catabolism produce
lactic acid, carbon dioxide, ethanol and half the ener-
gy (Ros et al., 2002; Caplice & Fitzgerald, 1999).

LAB besides having effects on the acidity by
producing absolute and relative quantities of lactic
and acetic acid, influence the taste of the final product
by producing some substances which are under the
sensitivity detection limit. By lowering the pH of
the sausage filling during the fermentation process
enzymes which regulate lypolisis (Garcia et al.,
1992; Molly et al., 1996) and proteolysis (Demeyer,
1992) become activated.

Microorganisms, specially the catalase positive
cocci, influence the aroma and taste of fermented
sausages through direct breakdown of lipids and
proteins into compounds which contribute to the
desired sausage aroma. At the same time their nitrate
— reducing activity results into the formation of
a stable color (Liicke, 2000). The most important
quality parameters affected by the starter cultures are
shown in Table 1.

Nowadays a few important companies which
produce starter cultures (needed for the meat indu-
stry) provide pure Lactobacillus spp., Pediococcus
acidilactici, P. pentosaceus, Staphylococcus xylosus
or S. carnosus (Daly & Davis, 1998, Hammes et al.,
1985) cultures.

LAB in biological food protection

The growing need for natural and safe food
have lead to an increased interest for the use of
bacteriocin- producing LAB bacteria which are
used as protective cultures in the meat industry
for the making of fermented products. The prin-
ciple on which biological protection of these cul-
tures (Lindgren & Dobrogosr, 1990) is achieved
is based on lowering the number of unwanted
spoilage bacteria, but without influencing the
quality of the final product. The biological pro-
tection of LAB through the presence of bacteria
and/or their metabolic products are achieved by:
production of lactic acid or other volatile organic
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Sheme 1. Metabolism of glucose in homo and heterofermentative LAB
Sema 1. Metabolizam glukoza kod homo- i heterofermentativnih BMK

Table 1. Effect of starter cultures on raw sausages
Tabela 1. Efekat starter kultura u sirovim kobasicama

Quality Mode of action LAB Catalase
parameters positive cocci

Color - reduction of nitrates - +++

- lowering of pH +++ -

- decreased O, content in the sausages (Eh) - ++

- H O, degradation - ++
Aroma - acid production +++ -

- proteolysis - +

- lipless - ++

- rancidity (antioxidative) - ++
Consistency - lowering of pH +++ -
Shelf time - lowering of pH -+ -

- reduction of nitrates - ++

- suppression of unwanted microflora ++ -
Low content of | - reduction of nitrates + ++
residues

+++ very important role
++ important role
+ no importance
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acids resulting in lowered pH; production of
other primary metabolites such as hydrogen
peroxide, carbon dioxide, diacetyl, reuterin and
bacteriocine production which is a specific anti-
bacterial compounds (De Vuyst and Vandamme,
1994) (Table 2).

tainty of the growth rate and metabolic intensities of
the protective and unwanted bacteria.

However, even if many producers of starter cul-
tures suggest that they can solve or even eliminate
problems relative to hygienic standards of the basic
components of meat products we have to be very
cautious not to expect an immaculate product if we

Table 2. Metabolic products of LAB and their antimicrobial effect
Tabela 2. Metabolicki produkti BMK sa antimikrobnim efektom

LAB products

| Target microorganisms

Organic acids

Lactic acid

Rotting and GR-ve bacteria, some fungi

Acetic acid

Rotting bacteria, clostridia, some yeasts and molds

Hydrogen peroxide (H,0,)

Pathogenic bacteria and bacterial contamination especially in
high protein food

Enzymes

Lactoperoxidase system with H,0O,

Pathogenic bacteria and bacterial contamination (milk and
milk products)

Lysosimes (tech recombinant RNA DNK)

Unwanted GR +ve bacteria

Low molecular weight metabolites

Reuterin (3-OH-propionaldehide)

Wide spectrum bacteria, moulds and yeasts

Diacetyl GR —ve bacteria

Fatty acids Various bacteria

Bakteriocines

Nisine Some LA and GR+ve bacteria, specially those which are spore
producing

Other bacteriocines GR+ve bacteria, inhibitory spectrum

In order for the use of starter cultures to be
justified it is needed that the used cultures fulfill the
following conditions (Holzapfel et alr, 1995, Slavi-
ca Veskovic,2005, 2007, 2009): they should not be
harmful for the consumer (i.e. do not produce toxins,
biogenic amines or other metabolites which can
harm human’s health and are not part of pathogenic
bacteria), they must contribute towards desired ef-
fects in the product (they have to be adapted for the
product, must have a consistent protective effect,
reliable metabolic activity and must suppress any
undesirable microflora) and must not have negative
effects upon good manufacturing practice (do not
produce unwanted acids, gas, slime...).

At the same time from the ideal bacterial cultu-
re it is expected to be able to produce bacteriocines
during the fermentation process. The formed bacte-
riocines must be stable in the meat matrix and in-
activation by ingredients from the stuffing should not
be allowed. The starter culture has to be preserved
relative to other bacteriocine producing bacteria
(Slavica Veskovic, 2005, 2009).

The use of protective cultures bears some un-
known elements, relative especially to the uncer-

have second rate raw materials. Bearing all of this
in mind, the use of protective cultures has to be seen
in the light of only an added security measure in the
production processes in the meat industry.

Microflora of traditional fermented sausages

Following the modern trends a growing num-
ber of meat producers in Serbia are using active
growing cultures. As in Serbia there is no commer-
cial production of starter cultures, the meat industri-
es are compelled to purchase from foreign produ-
cers. Such starter cultures are often adapted to the
needs of other markets and do not result in products
which have such quality to which our customers are
used.

The use of LAB as starter cultures isolated
from autochthonous fermented meat products would
be the solution to this problem. Strains isolated from
autochthonous fermented products would be the ba-
sis for a potential production of domestic starter cul-
tures. This could be achieved independently or join-
ed to existing established international companies.
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The need of every modern state is to study
the natural resources and have an overview on the
possessed potentials. In Serbia, up to now there
were no extensive studies on the diversity and
characteristics of autochthonous microflora of tradi-
tionally fermented sausages. This resulted in in-
sufficient data and knowledge needed for a direct
application in the meat industry.

The justification of the project “Technological
and protective features of autochthonous bacterial
strains isolated from traditional fermented sausages
and possibilities for their application in the meat
industry”, financed by the Serbian Ministry of Sci-
ence and Technology, is based on the need to form a
data bank of autochthonous LAB strains. Such a data
bank would make the foundation for the production
of starter cultures in Serbia.

In order to reach this goal in this research we
have studied three different traditionally fermented
sausages (“Uzicka”, “Levacka” and “Sremska”).

In the meat industry AD “Juhor” - Jagodina
out of the raw material obtained by slaughtering the
animals raised in the Levca region the “Levacka” and
“Sremska” sausage were produced. The sausages
were produced according to the standard (producer’s

specification) which is used in the regular production
by AD “Juhor”. Fermentation and smoking were
based on traditional principles.

The “Sremska” sausage was made of pork meat,
bacon and spices, while “Levacka” was made of
equal quantities of pork and beef and firm fat tissue.
The prepared stuffing was filled into pork’s small
intestine. The production process lasted for 21 days.

The traditional “Uzicka’sausage was manufa-
ctured in the household of Nikola Brkovic, on the
Zlatibor slopes in the village of Kacer. “Uzicka”
was made of beef and pork meat, minced beef, firm
fat tissue, nitrites, salt and S/ (Alimenta) in a three
month period (November 2008 — January 2009).
The sausage filling was stuffed into beef’s small
intestines and the fermentation process lasted for 21
days. The characteristics, ingredients and procedures
studied within the Project are shown in Table 3.

Besides the basic studies which encompassed
procedures for the isolation and characterization
of LAB at different stages of maturation extensive
work on physical, chemical, microbiological and
sensory characteristics of raw materials, spices
salt and additives used in sausage production have
been carried out. By doing so, in an indirect way

Table 3. Characteristics, ingredients and procedures for traditional fermented sausages
Tabela 3. Karakteristike, sastojci i procedura zrenja nih ispitivtradicionalnih fermentisanih kobasica

Type of Dimensions Wrapping Ingredients Quantity Duration of maturation
fermented and weight (100 kg)
sausage
wSremska“ 34-36 mm o natural Pork meat 45 kg Smoking - 3 days at 20°C,
sausage 24 cm length (pork’s small Pork shoulder 25kg 66% RVV.
300 g weight  intestine)  Firm fat tissue 30 kg Maturation - 21 days on 12 to 29°C,
Nitrite salt 1% 247kg  58%-80%RVV
Sugar — saccharose 330 g
Ground hot and 140 g
sweet pepper
Black popper extract 70 g
Garlic extract 35¢
wLevacka® 34-36 mm o natural ~ Pork meat 47 kg Smoking - 3 days at 20°C,
sausage 19 cm length (pork’s small Beef meat 20 kg 66% RVV.
250 g weight  intestine)  Firm fat tissue 33 kg Maturation - 21 days on 12 to 29°C,
Nitrite salt 1% 2.5kg 58% - 80% RVV
Sugar — saccharose 330 g
Ground hot and 140 g
sweet pepper
Black popper extract 70 g
Garlic extract 35¢g
wUZicka“ 40 mm o natural Pork meat 70 kg Maturation - 21 days at 2 - 13°C,
sausage 41 cm length  (beef small Beef meat 20 kg 64% - 88% RVV
700 g weight  intestine)  Firm fat tissue 10 kg
Nitrite salt 2.5kg
Sodium chloride 300 g
Spice S77 Alimenta 850 g
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it has been tried out to determine the presence and
diversity of the characteristic achromous microflora
in three different regions in Serbia (Zlatibor, Levac,
and Pomoravlje). At the same time the physical and
chemical sensory changes which occurred during
the process of fermentation and maturation of
traditional sausages. Not only, but all data relative
to the manufacturing of pork meat, microclimatic
changes during the production process (temperature,
relative humidity and air currents) were collected
and recorded.

The aim of the physical, chemical and mi-
crobiological studies was to register the changes
which occurred during the fermentation and ma-
turation process. The aim of the sensory studies was
to establish when do start and with what intensity
the desired sensory changes which are reflected in
the final product.

In order to obtain reliable indicators and results
during the Project all studies were repeated as
triplicates in all three types of traditional sausages.
Within each fermentation 50 LAB isolates were
collectedand 50 catalase positive cocci(staphylococci
and micrococci). Resulting in a collection of 450
LAB isolates and 450 micrococci isolates which have
been morphologically and biochemically studied and
by API tests were closely identified.

The results of a number of papers related to
studies of the microflora of traditional fermented
sausages have shown that out of the total number of
LAB the most predominant are the Lb. sakei (Amor
etal, 2005) and Lb. curvatus. Lb sakei making more
than 55% of the total number of isolates (Hugas &
Monfort, 1997). Both of these LABS have an interest-
ing metabolic potential upon which the possibility
of their application in the meat industry is based. A
smaller part of the microflora of fermented sausages
which mature spontaneously, are Lb. plantarum, Lb.
brevis, Lb. paracasei i Lb. buchneri. Nowadays,
some of them, specially Lb. plantarum and, Lb. sakei
(commonly reffered to as the “good” technological
bacterium due to their production of antimicrobic
supstances — bacteriocines) and Lb. curvatus and
Lb. pentosus are used as starter cultures in the
producton of fermented sausages. Their use is the
result of detailed studies, taxonomic determination,
identification of morphologic, physiologic and func-
tional biotechnologic properties.

For further projects it is planned that isolated
LAB strains should undergo detailed morphological
and biochemical studies, as well as molecular
identification. Within all identified strains the most
important technological and protective features will
be studied. Thus, all isolates will be studied in order

to enhance secondary metabolic compounds i. e.
bactericines

LAB bactericenes are natural antimicrobial
peptides or proteins with a very interesting potential
application in the food industry, as bioprotectors
(Cleveland et al., 2001), with the aim to protect health
(Turcotte et al., 2004) with a simultaneous increase
in shelf life (Slavica Veskovi¢, 2007, 2007-1).
Bacteriocines are polypeptides synthesized on ri-
bosomes, have a potent bactericidal activity and
are quickly digested by the proteases of the human
alimentary tract (Joerger et al., 2000).

In the published papers very often they are com-
pared with antibiotics (Hansen, 1993; Hurst, 1981).
However, being not equal to therapeutic antibiotics
their use is seldom associated to allergic reactions
in man (Cleveland et al., 2001). What meant to the
society the discovery by Alexandar Fleming (1929)
of penicillin regard human health, from the aspect of
food safety and natural protection is represented by
the bacteriocines.

Bearing in mind the expressed bacteriocidic
and bacteriostatic effects of bacteriocines on some
pathogenic strains, in the last years their application
within the meat industry has been reviewed. On the
other side, direct consumers have a consistently
negative approach on the question of the use of
chemical additives in food production. As a result
consumers are not sure on the use of treated foods,
with the exception of fresh food. Such a trend on one
side (so called green technology - Ross et al., 2002)
and the continuous development of modern protective
technologies in the XX and XXI century have in-
cluded the explatoation of biological protectors such
as bacteriocines. However, for bacteriocines to be
used in the food industry they must be approved as
legal additives (,,GRAS“ Generally Regarded As
Safe). Up to now only nisine has this status.

Bacteriocines as bioprotectors can be used
in food production in one of the following ways
(Schillinger et al., 1996):

* by adding them to the food LAB which

produce bacteriocines within the product
("in situ" production);

= direct use and/or semi purified bacteriocines

as additives

= use of previously fermented products con-

taining bactericine producing bacterial stra-
ins.

Chosen strains of LAB with clear technological
and/or protective features will be used for experi-
mental production of fermented sausages in industri-
al conditions.
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Instead of a conclusion

The predicted studies within the Project “Te-
chnological and protective features of autochthonous
bacterial strains isolated from traditional fermented
sausages and possibilities for their application in
the meat industry” are aimed to improve the safety
of food production, decrease of production costs,
preservation and even improvement of sensory cha-
racteristics of traditionally fermented meat products,
development of a national collection of LAB and a
positive influence on the population’s health.. The
determination of critical factors on which depends
the standard quality of traditionally fermented meat
products is of great importance not only to Project
participants, bat to the national public, as well.

Basic HACCP principles can not be implement-
ed without adequate data on the physical and chemi-
cal, microbiological and sensory characteristics of
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NEKI PARAMETRI KVALITETA I NUTRITIVNA
VREDNOST FUNKCIONALNIH FERMENTISANIH
KOBASICA*

Vukovié, 1., Saici¢ Snezana, Vasilev D., Tubi¢ M., Vasiljevi¢ Nada, Milanovi¢-Stevanovi¢ Mirjana

Sadrzaj: Uradu su prikazani rezultati ispitivanja nekih parametara kvaliteta i nutritivne vrednosti funkcionalnih
fermentisanh kobasica. Funkcionalne fermentisane kobasice, dobijene od svinjskog i govedeg mesa prve kategorije (75—80
posto), masnog tkiva svinja i biljne masti, uz dodatak inulina, viakana, omega-3 masnih kiselina i probiotske starter kulture,
sadrze 24 posto proteina i do 30 posto masti, a energetska vrednost manja je za oko 400 kJ (95 kcal/100 g) nego konvencionalnih.
Zamenom masnog tkiva svinja palminom masti postize se povoljniji odnos izmedu sadrzaja nezasicenih i zasicenih masnih
kiselina. Palmina mast u kolicini do 15 posto u izvesnom stepenu menja, ali ne utice negativno na boju fermentisanih kobasica i
daje proizvodima ¢vrstocu i konzistenciju. U funkcionalnim fermentisanim kobasicama probiotska bakterija Lactobacillus casei
LC 01 dostize broj veci od 8,0 log cfu/g, fermetise Secere i stvara povoljne uslove za zrenje. Povoljan sastav, kao i prisustvo
probiotika, inulina, viakana i omega-3 masnih kiselina, ¢ini funkcionalne fermentisane kobasice kvalitetnom namirnicom
visoke bioloSke vrednosti, koja poseduje znacajan potencijal da pozitivno utice na zdravlje ljudi.

Kjucne reci: fermentisane kobasice, funkcionalna hrana, kvalitet, nutritivna vrednost

SOME QUALITY PARAMETERS AND NUTRITIONAL VALUE OF FUNCTIONAL
FERMENTED SAUSAGES

A bstract: in this paper results of studies on some quality parameters and nutritional value of functional fermented
sausages are shown. Functional fermented sausages, made of first class pork and beef meat (75 - 80%), lard and vegetable
fats, with the addition of inulin, fibers, omega — 3 fatty acids and probiotic starter cultures contain 24% protein and 30% fat.
Their energetic value is smaller by 400kJ (95 kcal/100 g) compared to traditional ones. By replacing the pork fat with palm fat
a favorable relationship between saturated and unsaturated fatty acids content is obtained. Palm fat, supplied in a quantity of
up to 15% changes to a certain degree the color of fermented sausages and gives them a degree of firmness and consistency.
In functional fermented sausages the probiotic bacteria Lactobacillus casei LC 01 reaches values above 8.0 log cfu/g and it
ferments sugars thus creating optimal conditions for ripening. A superior composition, as well as the presence of probiotics,
inulin, fibers and omega — 3 fatty acids makes this product a foodstuff of high nutritional value with a high potential to have
positive effects on human health status.

Key words: fermented sausages, functional foodstuff, quality, nutritional value

Uvod

Pojam funkcionalna hrana odnosi se na namir-
nice koje, pored osnovnih nutritijenata, sadrze i sa-
stojke koji pozitivno uti¢u na zdravlje ljudi. Dodaci
koji neku namirnicu mogu da ¢ine funkcionalnom
hranom su razli¢iti i u njih se ubrajaju probiotici,
prebiotici, antioksidansi, omega-3 masne kiseline,
biljne masti i ulja, bioaktivni peptidi, vlakna, mine-

ralne materije, mikroelementi, vitamini, i drugo
(Jimenez-Colmenero, 2001; Arihira, 2006). Dosa-
dasnja ispitivanja pokazuju da fermentisane kobasi-
ce mogu da se proizvode i kao funkcionalna hrana
(Mendosa i sar., 2001; Muguersa i sar., 2004;
Miiller, 2006; Vukovi¢ i sar., 2007; Vasilev i sar,
2007). Fermentisane kobasice se dobijaju od usit-
njenog mesa i masnog tkiva, zatim zacina, Secera,
aditiva, starter kultura i drugih dodataka, koji se
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*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa odrzanom 15—17. juna 2009. na Tari
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posle nadevanja u omotace konzerviSu susSenjem,
sa ili bez dimljenja, pri ¢emu kobasice sazrevaju i
dobijaju karakteristi¢ne osobine kvaliteta i postaju
mikrobioloski i hemijski stabilniji, odnosno odrzivi
proizvodi (Vukovié, 2006). Cinjenica da se ove
kobasice u toku proizvodnje ne obraduju toplotom
omogucéava, s jedne strane da nutritivno vredni
sastojci mesa ostaju bitnije nepromenjeni u smislu
smanjenja bioloske vrednosti, a s druge strane otvara
se mogucnost upotrebe probiotika kao starter kultu-
ra, koji u funkcionalnim fermentisanim kobasicama
imaju poseban znacaj (Vukovié i sar., 2007).

Meso je na osnovu sadrzaja proteina, vitamina,
mikroelemenata i drugih sastojaka, bez sumnje, naj-
vaznija ,,funkcionalna“ komponenta fermentisanih
kobasica. U proteinima miSica oko 43 posto su
esencijalne aminokiseline. U intramuskularnoj masti
mesa sadrZana je znacajna koli¢ina polinezasi¢enih
masnih kiselina, a masti prezivara sadrze i konju-
govanu linolnu kiselinu kojoj se pripisuje antioksi-
dativno, antiteratogeno i antikancerogeno dejstvo. |
neki drugi sastojci mesa, kao $to su anserin, karnizin
i glutation, imaju vaznu ulogu kao antioksidansi.
Meso je jedan od najbogatijih izvora vitamina B
grupe za ¢oveka, kao Sto su tiamin (B,), riboflavin
(B,), niacin, folna kiselina, piridoksin (B,) i ko-
baltamin (B,)). Meso je, takode, vrlo vazan izvor
gvozda; najviSe gvozda sadrze konjsko i govede
meso, a u manjoj meri svinjsko i Zivinsko meso.
Gvozde iz mesa oko pet puta se bolje iskoris¢ava
od gvozda iz biljaka i ujedno pomaze resorpciju
gvozda biljnog porekla. Gvozde se bolje iskoris¢ava
zajedno sa bakrom koji se, takode, nalazi u mesu.
Crveno meso je vrlo dobar izvor cinka koji se, isto
tako, bolje resorbuje iz mesa nego iz biljaka. Cink
je naroCito potreban starijim osobama, jer utice na
smanjenje koncentracije lipidnih peroksida u krvnoj
plazmi. Meso je znacajan izvor selena, koji je kao
antioksidans, poput vitamina E i C, vazan sastojak
enzima koji Stite ¢elije od oksidacije (Prdndl, i sar.,
1988; Gasparin i sar., 2002).

Od svih proizvoda od mesa jedino fermentisane
kobasice, kada se proizvode kao funkcionalna hrana,
sadrze probiotske bakterije. Kao probiotici se kori-
ste, pre svega, bakterije vrste Bifidobacterium spp. i
vrste roda Lactobacillus (Lb. acidophylus, Lb.
casei i Lb. rhamnosus). Inace, prirodnu mikrofloru
fermentisanih kobasica ¢ine pretezno bakterije roda
Lactobacillus, prvenstveno Lb. sakei i Lb. curvatus,
a manjim delom Lb. plantarum, Lb. brevis, Lb.
paracasei 1 Lb. buchneri. Opste prihavceni zahtevi
za probiotske mikroorganizme su da predstavljaju
znacajan deo crevne flore zdravog Coveka, da pre-
zivljavaju pasazu kroz zeludac i creva (otporne na
kiseline i Zu¢) i da mogu da se adhezuju na celije

crevnog epitela. Mikroflora koja ucestvuje u zrenju
kobasica, sa izuzetkom Lb. plantarum, nema pro-
biotski znacaj. Probiotske bakterije koje se danas
nalaze na trziStu razvijene su, pretezno, za potre-
be industrije mleka i samo neke od njih mogu da
rastu u fermentisanim kobasicama. Da bi se ostva-
rilo merljivo probiotsko dejstvo smatra se da sa jed-
nim gramom fermentisane kobasice treba uneti u
organizam najmanje jedan milion probiotskih bakte-
rija. Uticaj probiotske hrane na zdravlje ¢oveka nije,
do danas, potpuno izucen, ali neke studije potvrduju
da konzumiranje 50 g/dan fermenrisane kobacice
proizvedene sa jednim sojem Lb. paracasei utice
pozitivno na imuni sistem Coveka (Krdckel, 2006).
Prebiotici su nesvarljivi sastojci hrane koji
stimuli$u rast 1/ili aktivnost jedne ili manjeg broja
vrsta bakterija u debelom crevu i povoljno deluju
na zdravlje domacina. U fermentisane kobasice
dodaju se najcesce inulin i dijetalna vlakna. Inulin
je oligosaharid koji nije svarljiv u tankom crevu.
Medutim, bakterije prisutne u debelom crevu razlazu
inulin do laktata i acetata kao krajnjih produkata fer-
mentacije, Sto ima kao posledicu pozitivne promene
u crevnoj flori ¢oveka. Inulin, takode, doprinosi bo-
ljem iskoriS¢avanju kalcijuma, smanjenju rizika od
stvaranja pretkanceroznih lezija i opadanju nivoa
triglicerida u krvi. Inulin ne uti¢e nepovoljno na tek-
sturu, socnost 1 elasti¢nost fermentisanih kobasica 1
moze da zameni jedan deo masnog tkiva u nadevu.
Dijetalna vlakna (ovas, SeCerna repa, soja, jabuka,
i grasak), biljni proteini (soja, suncokret, pSenica,
kukuruz, ovas i seme pamuka) i njihovi proizvodi,
pored toga Sto povoljno deluju na zdravlje ljudi,
mogu da se koriste i kao zamena za masno tkivo u
proizvodima od mesa. Takode se koriste i sinbiotici
koji predstavljaju meSavinu probiotika i prebiotika
(Jackson i sar., 1996; Causey i sar., 2000; Rao,
2001; Roberford, 2002; Mendosa i sar., 2006).
Osim prebiotika, masno tkivo u fermentisanim
kobasicama moze da se delimicno ili ¢ak potpuno
zameni biljnim uljima (repicino, laneno, maslinovo
i kukurzno), mastima dobijenim od ovih ulja i
emulzija ulja sa proteinima. Upotrebom ulja pove-
¢ava se sadrzaj nezasicenih i polinezasi¢enih masnih
kiselina, a posebno omega-3 masnih kiselina. lako
najviSe omega-3 masnih kiselina sadrzi riblje ulje,
ono se retko koristi, jer nepovoljno utice na aromu
proizvoda. U proizvodnji funkcionalne hrane zna-
¢ajno mesto imaju biljni steroli, koji mogu da budu
nezasiceni — fitosteroli i zasi¢eni — fitostanoli, i po
gradi i funkciji su sli¢ni holesterolu. Fitosteroli sni-
zavaju nivo LDL holesterola u krvi i §tite organizam
od kardiovaskularnih oboljenja. Fitosteroli se dodaju
u razli¢ite namaze, jogurt i mleko, koji su obogaceni
slobodnim fitosterolima ili estrima fitosteril ili fito-

tehnologija mesa 50 (2009) 1-2, 68-74

69



NEKI PARAMETRI KVALITETA I NUTRITIVNA ...

SOME QUALITY PARAMETERS AND NUTRITIONAL ...

stanil masnih kiselina. Najvazniji izvor biljnih stero-
la su biljna ulja i margarini (Simopoulos i sar., 2000;
Lagarda i sar., 2006; Jimenez-Colmenero, 2007).

Polaze¢i od podataka iz literature i sve stroze
zahteve u pogledu sastava i nutritivne vrednosti
hrane, postavljen je cilj da se razvije nova genaracija
fermentisanih kobasica kao funkcionalne hrane, koje
bi imale visoku biolosku vrednost, i po kvalitetu, bi-
le prihvatljive na domacéem trzistu, odnosno odgova-
rale navikama nasSih potrosaca. U koncipiranju ovog
rada poslo se i od Istrazivanja zdravlja stanovniStva
Republike Srbije (2007), ¢iji rezultati pokazuju da
je u Srbiji svaka peta osoba gojazna (BMI > 30), a
svaka treca osoba sa predgojaznoséu (BMI > 25),
S$to je bez sumnje posledica ishrane. U ovom radu
prikazan je deo rezultata dobijen realizacijom pro-
jekta TR-20073, koji finansira Ministarstvo nauke i
tehnoloskog razvoja Republike Srbije.

Materijal i metode

U eksperimentima je izradeno i ispitano vise
razli¢itih formulacija funkcionalnih fermentisanih
kobasica. Kao rezultat toga, razvijena su tri nova
proizvoda: (1) funkcionalna fermentisana kobasica
sa masnim tkivom svinja (Probio), (2) funkcionalna
fermentisana kobasica sa masnim tkivom svinja i
biljnom masti (Probiomiks) i (3) funkcionalna fer-
mentisana kobasica sa palminom masti (Probiofit).
Fermentisane kobasice su spravljane na uobicajeni
nacin od svinjskog i govedeg mesa prve kategori-
je (75—80 posto), Cvrstog masnog tkiva, meSavine
¢vrstog masnog tkiva i biljne masti ili samo biljne
masti, koji su bili u takvom odnosu da sadrzaj masti
u nadevu na pocetku zrenja bude ujednacen i iznosi
18—19 posto. U nadev je dodato 2,0 posto inulina,
1,0 posto vlakana graska, 50 mg/100 g omega-3
masnih kiselina (Den omega Gat) i probiotska kul-
tura Lactobacillus casei 01 (LC 01). Na 1,0 kilo-
gram nadeva dodato je 28 grama nitritne soli za
salamurenje, 5,0 grama SeCera i meSavina zacina.
Nadev je usitnjavan finije do veli¢ine komadica tkiva,
od oko 2 mm, i posle punjenja u kolagene omotace
pre¢nika 65 mm, kobasice su podvrgnute susenju,
odnosno zrenju na temperaturama koje su opadale od
24 do 16°C. Susenje i zrenje trajalo je 20 dana.

Funkcionalne fermentisane (polusuve) kobasice
suispitivane standardnim fizickim, fizi¢ko-hemijskim,
hemijskim, bakterioloskim i senzornim metodama.

Fizicke metode: a) Odredivanje gubitka mase
(kalo suSenja) gravimetrijski; b) Instrumentalno
merenje boje (CIE L*, a*, b*) uredajem Minolta
Co. Ltd. Chromameter CR-400); c¢) Instrumentalno
merenje Cvrsto¢e aparatom Instron 4301 (sila pre-
secanja i sila penetracije u N).

Fizicko-hemijske metode: Odredivanje pH-
-vrednosti (pH-meter WTW, 340i) i aktivnosti vode
(a -Wert-Messer, Lufft Durotherm, Stuttgart).

Hemijske metode: a) Odredivanje sadrzaja vlage
(SRPS ISO 1442/1998); b) Odredivanje sadrzaja
ukupne masti (SRPS ISO 1443/1992); ¢) Odredivanje
sadrzajaproteina(SRPSISO937/1992);d) Odredivanje
sadrzaja hidroksiprolina (JUS ISO 3496/2002); e)
Odredievanje indeksa proteolize (Careri i sar.,, 1993);
f) Odredivanje sadrzaja natrijum—hlorida (SRPS ISO
1841-2/1999); g) Odredivanje sadrzaja pepela (SRPS
ISO 936/1999); h) Odredivanje sadrzaja nitrita (SRPS
ISO 2918/1999); i) Odredivanje kiselinskog broja
(SRPS ISO 660/1996), peroksidnog broja (SRPS ISO
3960/2001) i TBARS-broja (Tarladgis i sar.,1964
i Holland, 1971); j) Odredivanje sadrzaja masnih
kiselina (ekstrakcija lipida metodom po Garces i
Manuelu, 1993, a potom odredivanje masnih kiselina
gasnom hromatografijom (FAME MIX 37, kolona
100 m, signal 28,5, split 30).

Bakterioloske metode: Odredivanje broja pro-
biotske bakterije Lactobacillus casei 01 na MRS-
-agaru, Merck, sa dodatkom moksalaktama u koli¢i-
ni od 112 mg/L, Sigma M-8158, pri 37 °C/72 Casa u
anaerobnoj sredini (Krockel, 2006).

Senzorne metode: Ukupan senzorni kvalitet
ferm entisanih kobasica po metodi korigovanog pe-
tobalnog bod sistema (Radovanovi¢ i Popov-Raljic,
2001).

Rezultati ispitivanja i diskusija

Na osnovu ispitivanja hemijskog sastava eks-
perimentalnih funkcionalnih fermentisanih kobasica
(tabela 1) moze da se zakljuci da se ove kobasice
odlikuju visokim sadrzajem proteina (24 posto) i
relativno malim sadrzajem ukupne masti (<30 posto),
pri ¢emu odnos izmedu sadrzaja proteina i masti
nije ve¢i od 1:1,25. S druge strane, konvencionalne
fermentisane kobasice, dobijene pretezno od svinj-
skog i govedeg mesa druge kategotije (oko 70 posto)
1 ¢vrstog masnog tkiva (oko 30 posto), zavisno od
stepena suSenja, sadrze 18—20 posto proteina i
42-44 posto masti, pa je kod njih sadrzaj masti vise
od dva puta ve¢i od sadrzaja proteina. Upotrebom
mesa prve kategorije dobijen je oko cetiri puta
manji relativan sadrzaj proteina vezivnog tkiva u
proteinima mesa koji, prema Pravilniku o kvalitetu
i drugim zahtevima za proizvode od mesa (2004),
za fermentisane kobasice ne sme da bude veéi od 15
posto. Ovo pokazuje da je sadrzaj proteina misi¢nog
tkiva, i apsolutno i relativno ve¢i kod funkacionalnih
nego konvencionalnih fermentisanih kobasica. Sa
dodatkom 3 posto prebiotika, njihov sadrzaj u goto-
vom proizvodu dostize vrednost oko 5 posto.
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Tabela 1. Vazniji pokazatelji hemijskog sastava
funkcionalnih fermentisanih kobasica
Table 1. Relevant indicators of chemical
composition of fermented sausages

Sastojaci (%) |Probio |Probiomiks | Probiofit
Voda 36,26 36,70 34,25
Masti 28,99 2941 30,55
Proteini 24,13 23,98 2493
Relativan

sadrzaj proteina

vezivnog tkiva 3,38 3,38 3,61
Natrijum hlorid 4,00 3,76 4,03
Natrijum-nitrit

(mg/kg) 3,2 2,4 2,1
Inulin 1 vlakna* 4,87 4,95 5,16

* Odredeno iz razlike do 100 posto

Funkcionalna fermentisana kobasica sa palmi-
nom masti (Probiofit) sadrzi viSe nezasi¢enih masnih
kiselina od funkcionalnih kobasica sa masnim tki-
vom svinja ili meSavinom masnog tkiva i biljne
masti (tabela 2), i na osnovu toga, ima povoljnije
odnose izmedu sadrzaja zasi¢enih i nezasi¢enih
masnih kiselina u mastima proizvoda. Odnos izme-
du sadrzaja zasi¢enih i nezasi¢enih masnih kiselina
i kod funkcionalnih fermentisanih kobasica sa mas-
nim tkivom je, takode, povoljan sa gledista dijete-
tike. Vrednostima za sadrzaj nezasi¢enih masnih
kiselina treba dodati i omega-3 masne kiseline, ¢iji
sadrzaj zbog nedovoljne specificnosti primenjene
metode nije mogao da bude odreden, a koje su ovim
proizvodima dodate u koli¢ini od 50 mg/100 g.

Tabela 2. Sadrzaj masnih kiselina funkcionalnih
fermentisanih kobasica 1 odnosi izmedu zasi¢enih 1

sice sadrze vise proteina mesa za 4 g/100 g i manje
masti za 12 g/100 g (tabela 3). Funkcionalne fermen-
tisane kobasice sadrze, takode, do 5 g/100 g prebioti-
ka (inulin i biljna vlakna) i najmanje 50 mg/100 g
omega-3 masnih kiselina. Energetska vrednost funk-
cionalnih fermentisanih kobasica je za 400 kJ/100 g
(95 kcal/100 g) manja nego konvencionalne koba-
sice. Kako je relativan sadrzaj proteina vezivnog
tkiva u proteinima mesa funkcionalnih fermen-
tisanih kobasica oko cCetiri puta manji, tako je i
sadrzaj proteina miSi¢nog tkiva, kao osnovnog
izvora esencijalnih amino kiselina u hrani, i ap-
solutno 1 relativno veé¢i kod funkacionalnih neko
konvencionalnih fermentisanih kobasica. Proteini
misi¢nog tkiva sadZe 43 posto esencijalnih amino
kiselina, a protein vezivnog tkiva 23 posto kolagena.
Veca kolic¢ina mesa u funkcionalnim fermentisanim
kobasicama ima kao posledicu ne samo veci
sadrzaj proteina, vec i viSe vitamina B grupe, zatim
gvozda, cinka i drugih nutritivno vaznih sastojaka.
Sa dodatkom 3 posto prebiotika, njihov sadrzaj u
gotovom proizvodu dostize vrednost oko 5 posto.
Kada se, pored ovoga, uzme u obzir da ove kobasice
sadrze i probiotske bakterije koje, kao i omega-3
masne kiseline, pozitivno uticu na zdravlje ljudi,
moze da se zaklju¢i da funkcionalne fermentisane
kobasice predstavljaju hranu vrlo visoke bioloske
vrednosti sa znacajnim potencijalom da pozitivno
uticu na zdravlje ljudi.

Tabela 3. Uporedni prikaz vaznijih parametara
nutritivne vrednosti funkcionalne konvencionalne
fermentisane kobasice
Table 3. Comparative display of important
parameters of nutritive values of functional and
conventional sausages

nezasicenih masnih kiselina : :
. . Parametar Funkcionalna |[Konvencionalna
Table 2. Fatty acids content of functional fermented
. . Energetska 1578 (377) 1978 (472)
sausages and relationship between saturated and
turated fat vrednost, kJ/100 g
unsaturated fats (keal/100 g)
Masne kiseline | Probio | Probiomiks |Probiofit Proteini, g/100 g [24,0 20
(g/100g) Masti, g/100 g 30,0 42
Zasiene 12,83 14,23 12,95 Inulin i biljna 5,0 -
Nezasi¢ene 14,74 14,61 16,06 vlakna, g/100g
Polinezasi¢ene 3,48 2,92 3,69 Omega-3 masne |50 -
Polinezasi¢ene/ 0,27 0,20 0,28 kiseline, mg/100 g
zasicene
Nez.é’isic'ene/ LIS 1,03 1,24 Probiotska bakterija Lactobacillus casei LC 01,
ZasIcene koja je razvijena za primenu u mlekarskoj industriji,
ZaSlC?fle/ 0,87 0,97 0,81 pokazalo se da moze dobro da se razmnozava i
nezasicenc u funkcionalnim fermentisanim kobasicama i da

U poredenju sa konvencionalnom fermenti-
sanom kobasicom, funkcionalne fermentisane koba-

dostize broj veci od 8,0 log cfu/g (tabela 4). Prema
usvojenim standardima, broj probiotskih bakterija u
funkcionalnim fermentisanim proizvodima mora da
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bude veci od 6,0 log cfu/g. Vrednost pH funkcional-
nih fermentisanih kobasica koje sadrze palminu mast
niza je od pH vrednosti fermentisane kobasice koja
sadrzi masno tkivo svinja. Funkacionalne fermenti-
sane kobasice sa biljnom masti, takode, imaju manju
aktivnost vode. Na osnovu ovih vrednosti moze se
zakljuciti da funkcionalne fermentisane kobasice
imaju vrlo dobru mikrobiolosku stabilnost i da u
njima ne postoje uslovi za razmnozavanje patogenih
bakterija.

Tabela 4. Broj probiotske bakterije Lactobacillus
casei 01 (LC 01) i pH i a  vrednosti funkcionalnih
fermentisanih kobasica
Table 4. The number of probiotic bacteria
Lactobacillus casei (LCO1) and pH and a  values of
functional fermented sausages

Fermentisana | Broj LC 01 pH a
kobasica (log cfu/g)

Probio 8,43 4,94 0,90
Probiomiks 8,38 4,89 0,89
Probiofit 8,26 4,86 0,88

Rezulatati instrumentalog merenja boje prese-
ka i ¢vrsto¢e funkcionalnih fermentisanih kobasica.
prikazani su u tabeli 5. Funkcionalna fermentisana
kobasica sa palminom masti (Probiofit) ima veci
udeo crvene (a*) i zute (b*) boje i manju L*-vred-
nost, odnosno boja ove kobasice na preseku je nesto
tamnija od boje kobasica u ¢ijem sastavu domini-
ra masno tkivo svinja. Instrumentalnim merenjem
¢vrstoée funkcionalnih fermentisanih kobasica, utvr-
dena je veca sila presecanja i veca sila penetracije

kod fermentisanih kobasica kod kojih je masno tkivo
potupno ili delimi¢no zamenjeno palminom masti.
Iskustva dobijena u proizvodnji ovih kobasica su u
punom skladu sa ovim rezultatima, jer se pokazalo
da funkcionalne fermentisane kobasice sa biljnom
masti brze postizu ¢vrsto¢u, odnosno njihova kon-
zistencija je uvek ¢vrsca.

Ukupan senzorni kvalitet funkcionalnih fer-
mentisanih kobasica prikazan je u tabeli 6. Kao $to
ukazuju rezulati, funkcionalne fermentisane kobasi-
ce su prilikom senzornog ispitivanja dobile ocenu
za ukupan senzorni kvalitet od 95,00 do 96,00, na
osnovu koje bi ovim kobasicama na javnim ocenama
kvaliteta (na primer, na Novosadskom sajmu) pripa-
la zlana medalja za kvalitet.

Uporedni prikaz cene (u dinarima) sirovina
i dodataka po 1,0 kilograma nadeva funkcionalnih
fermentisanih kobasica i jedne konvencionalne ko-
basice, obracunate po cenama od 31. marta 2009.
godine, dat je u tabeli 7. U poredenju ca konven-
cionalnom fermentisanom kobasicom, koja se dobi-
ja od mesa druge kategorije (70 posto) i Cvrstog
masnog tkiva (30 posto), cena sirovina i dodataka
funkcionalnih fermentisanih kobasica je znatno
veca. Na to uticu veca koli¢ina mesa u nadevu
(75—80 posto), veca cena mesa prve katergorije (oko
40 posto), upotreba probiotske starter kulture, Cija
cena je nekoliko puta veca od cene drugih kultura,
zatim inulina, vlakana i preparata omega-3 masnih
kiselina. Prilikom odredivanja proizvodacke cene
funkcionalnih fermentisanih kobasica treba uzeti u
obzir i troSkove rada i utroSene energije (oko 100
din./kg) i gubitak mase (kalo) kobasica prilikom
suSenja i zrenja (30—35 posto).

Tabela 5. Rezultati instrumentalog merenja boje preseka i ¢vrstoée funkcionalnih
fermentisanih kobasica
Table 5. Results of measurements of the color and firmness of functional fermented sausages

Fermentisana kobasica L* a* b* Sila presecanja (N) | Sila penetracije (N)
Probio 43,02 18,16 6,56 25,19 19,18
Probiomiks 43,24 18,73 7,53 28,49 22,51
Probiofit 41,96 19,53 8,49 30,86 23,20

Tabela 6. Ukupan senzorni kvalitet funkcionalnih fermentisanih kobasica
Table 6. Total sensory quality of functional fermented sausages

Fermentisana | Spoljasnji | Izgled i sastav Boja i Miris i ukus | Tekstura | Ukupna
kobasica izled preseka odrzivst boje ocena
Probio 9,43 20,00 19,43 27,86 18,86 95,57
Probiomiks 10,00 19,14 19,14 28,29 19,43 96,00
Probiofit 9,86 18,57 18,86 28,29 19,43 95,00
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Tabela 7. Uporedni prikaz cene (u dinarima) sirovina i vaznijih dodataka po 1,0 kg nadeva konvencionalne i
funkcionalnih fermentisanih kobasica
Table 7. Comparative results of the cost (in dinars) of raw materials and spices per 1.okg of filling for
conventional and functional sausages

Cene* u dinarima Konvencionalna Probio Probiomiks Probiofit
Meso prve kategorije - 354 354 367
Meso druge kategorije 224 - - -
Masno tkivo 36 26 20 -
Biljna mast - - 6 21
Inulin - 6 6 6
Vlakna - 2 2 2
Starter kultura 6 - - -
Probiotska starter kultura - 57 57 57
Omega-3 masne kiseline - 13 13 13
Aditivi i zaCini 3 6 6 6
Ukupno 269 464 464 472

* Na dan 31. marta 2009. godine

Zakljucak

Rezultati ispitivanja pokazuju da funkcionalne
fermentisane kobasice dobijene od svinjskog i gove-
deg mesa mesa prve kategorije (75—80 posto), ma-
snog tkiva svinja, palmine masti i prebiotika, sadrze
24 posto proteina i do 30 posto masti, a energetska
vrednost ovih proizvoda manja je za 400 kJ/100 g
(95 kcal/100 g) od konvencionalnih. Zamenom
masnog tkiva svinja palminom masti postizu se po-
voljniji odnosi izmedu sadrzaja nezasicenih i zasi-
¢enih masnih kiselina. Palmina mast, u koli¢ini do
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INTEGRATED MONITORING OF ZOONOTIC
FOODBORNE PATHOGENS IN THE MEAT CHAIN~*

Nastasijevic 1.

Abstract: Zoonoses are diseases or infections, which are transmissible from animals to humans. These diseases
can be acquired directly from animals but are most often acquired through ingestion of contaminated foods. The severity of
these diseases in humans can vary from mild symptoms to life-threatening conditions. Although various foods can serve as
sources of foodborne illness, meat and meat products are important sources of human infections with zoonotic foodborne
pathogens: Salmonella spp., Campylobacter jejuni/coli, Yersinia enterocolitica, VTEC E. coli (including E. coli O157:H7)
and, to some extent, Listeria monocytogenes. The most frequent chain of events leading to meat borne illness involves food
animals as healthy carriers of the pathogens, these organisms are faecally excreted and subsequently transferred to humans
through production, handling and consumption of meat and meat products. In order to prevent zoonoses from occurring, it is
important to identify which animals and foodstuffs are the main sources of infections. Zoonoses Directive (2003/99/EC) covers
the collection, evaluation and reporting data on: zoonoses, zoonotic agents, antimicrobial resistance, food-borne outbreaks
and epidemiological investigation in the Member States of the EU. Zoonotic pathogens in foods, including meats, have to be
controlled through a complete, continuous farm-to-fork system (i.e. Longitudinal and Integrated Safety Assurance — LISA)
and should take into account not only the risk assessment, but also technical possibilities, consumers’ attitude/behaviors, and
cost-benefit analysis. This means that integrated concept for monitoring in all major phases along the meat chain should be
implemented through modular approach: 1. Pre-harvest (on the farm), 2. Harvest (in abattoir), and 3. Post-harvest (meat
processing-distribution-retail-consumer). This approach includes sampling, testing and reporting on pathogens’ occurrences
in those three main production modules. It is of utmost importance to control direct and indirect faecal contamination of
carcasses, in abattoir, through efficient GHP/GMP and HACCP based process hygiene management systems.

Key words: zoonoses, contaminated foods, zoonotic foodborne pathogens, antimicrobial resistance, modular approach

Integrisani monitoring zoonotskih alimentarnih patogena u lancu mesa*

Sadrzaj: Zoonoze su oboljenja ili infekcije koje su prenosive sa Zivotinja na ljude. Ove bolesti mogu da nastanu
direktno preko Zivotinja, ali su najcesce stecene ingestijom kontaminirane hrane. Tezina ovih oboljenja kod ljudi moze da
varira od blagih simptoma do stanja koja ugrozavaju zivot. lako razlicita hrana moze da bude izvor alimentarnih oboljenja,
meso i proizvodi od mesa predstavijaju vazne izvore infekcija ljudi, sa zoonotskim alimentarnim patogenima: Salmonella spp.,
Campylobacter jejuni/coli, Yersinia enterocolitica, VTEC E. coli (ukljucujuci E. coli O157:H7) i, do odredenog stepena, Listeria
monocytogenes. Najcesci sled dogadaja koji dovodi do alimentarnih oboljenja preko mesa, ukljucuje zdrave Zivotinje koje se
koriste za proizvodnju hrane, kao nosioce patogena; ovi mikroorganizmi se fekalno izlucuju i posledicno dospevaju do ljudi
u toku proizvodnje, rukovanja i konzumiranja mesa i proizvoda od mesa. Radi sprecavanja nastajanja zoonotskih oboljenja,
vazno je da se identifikuju Zivotinje i hrana koji predstavljaju glavne izvore infekcije. Direktiva o zoonozama (2003/99/EC)
pokriva prikupljanje, ocenjivanje i izvestavanje o: zoonozama, zoonotskim agensima, antimikrobnoj rezistenciji, alimentarnim
oboljenjima i epidemioloskim istragama u zemljama clanicama EU. Zoonotski patogeni u hrani, ukljucujuci meso, treba da
budu kontrolisani preko kompletnog, kontinuiranog sistema od farme do trpeze (tj. Longitudinalno i integrisano osiguranje
bezbednosti — LISA), pri cemu treba da se uzme u obzir ne samo ocena rizika, vec¢ takode tehnicke mogucnosti, stav/ponasanje
potrosaca i ekonomska opravdanost. To znaci da koncept integrisanog monitoringa u svim glavnim fazama duz lanca mesa
treba da bude primenjen kroz modularni pristup: 1. farma (pre—harvest), 2.klanica (harvest), i 3. prerada mesa—distribucija—
maloprodaja—potrosac (post—harvest). Ovakav pristup ukljucuje uzorkovanje, testiranje i izvestavanje o ucestalosti patogena
u ova, tri glavna proizvodna modula. Od najveceg je znacaja kontrolisanje direktne i indirektne fekalne kontaminacije trupova,
u klanici, kroz efikasnu primenu GHP/GMP i HACCP — baziranih menadzZment sistema za procesnu higijenu.

Kljuéne redi: zoonoze, kontaminirana hrana, zoonotski alimentarni patogeni, antimikrobna rezistencija, modularni pristup.

Introduction often acquired through ingestion of contaminated
foods. The severity of these diseases in humans

Zoonoses are diseases or infections, which are can vary from mild symptoms to life-threatening
transmissible from animals to humans. These diseases conditions. Zoonotic agents reportedly affected over

can be acquired directly from animals but are most 368, 000 persons in the EU in 2007 (Figure 1).

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTHOR: Ivan Nastasijevic, ivann@inmesbgd.com, Institut of Meat Hygiene and Technology, Kacanskog 13, Belgrade Serbia.
AUTOR: Ivan Nastasijevi¢, ivann@inmesbgd.com, Institut za higijenu i tehnologiju mesa, Kaéanskog 13, Beograd, Srbija.
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Although various foods can serve as sources
of foodborne illness, meat and meat products are
important sources of human infections with Sal/mo-
nella spp., Campylobacter jejuni/coli, Yersinia en-
terocolitica, VTEC E. coli (including E. coli O157:
H7) and, to some extent, Listeria monocytogenes. All
these foodborne pathogens can be harbored in the
gastrointestinal tract of food-producing animals. The
most frequent chain of events leading to meat borne
illness involves food animals as healthy carriers of
the pathogens; these organisms are faecally excret-
ed and subsequently transferred to humans through
production, handling and consumption of meat and
meat products. Occurrences of Salmonella spp., C.
Jejuni/coli, Y. enterocolitica, VTEC E. coli and L.
monocytogenes in fresh red meat are variable, altho-
ugh most often are between 1% and 10%, depending
on a range of factors including the organism, geo-
graphical factors, farming and/or meat production
practices (Norrung and Buncic, 2008).

Zoonotic pathogens in foods, including meats,
have to be controlled through a complete, continu-
ous farm-to-fork system (i.e. Longitudinal and Inte-
grated Safety Assurance — LISA) and should take
into account not only the risk assessment, but also
technical possibilities, consumers’ attitude/behavi-
ors, and cost—benefit analysis.

However, some aspects of the control system
are pathogen-specific. Thus some pathogens in me-
ats (e.g. Salmonella spp., Campylobacter spp., Y.
enterocolitica and VTEC E. coli are most efficiently
controlled by the main interventions applied in the
primary production, combined with optimization of
the slaughter hygiene. For some others, such as more

834 {

environmentally ubiquitous L. monocytogenes, the
main control measures are focused on later stages of
the meat chain (Norrung and Buncic, 2008).

In order to prevent zoonoses from occurring,
it is important to identify which animals and food-
stuffs are the main sources of infections. For this
purpose and to follow the developments on food
safety in the European Union, information aimed at
protecting human health is collected and analysed
from all European Union Member States. Directive
2003/99/EC on the monitoring of zoonoses and zoo-
notic agents (Zoonoses Directive) covers the epide-
miological investigation and reporting of food-borne
outbreaks in the Member States (MSs) of the Euro-
pean Union (EU). Each MS has the obligation to
collect relevant and, where applicable, comparable
data of zoonoses, zoonotic agents, antimicrobial re-
sistance and food-borne outbreaks. Thorough investi-
gation of foodborne outbreaks aims to identify: 1.
the pathogen, 2. the food vehicle involved, and 3. the
factors in the food preparation and handling, contri-
buting to the outbreak.

The data collection may allow the identification
of emerging trends in the causative agents, and ve-
hicles. Data regarding food-borne outbreaks provi-
des important information on the number of humans
affected annually and complements the picture of
the burden of food-borne disease given by the total
number of cases of disease in the Community. The
added value concerns especially the information on
the causative agent-food vehicle combinations res-
ponsible for the food-borne outbreaks. This informa-
tion is necessary when targeting actions to improve
food safety (EFSA, 2009a).

Figure 1. The reported notification zoonoses rates in confirmed human cases in the
EU, 2007 (Adapted from EFSA, 2009b)
Slika 1. Incidenca prijavljenih zoonoza kod potvrdenih slu¢ajeva u ljudi, na nivou EU, 2007
(preuzeto iz EFSA, 2009b)
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2. Materials and methods

The present paper is not an detailed review of
microbial zoonotic foodborne pathogens along the
meat chain, but rather gives an overview of the main
microbial meatborne risks, aspects of their control,
and system of integrated monitoring (Campylobacter
spp., Salmonella spp., Yersinia enterocolitica, VTEC
E. coli and Listeria monocytogenes). Therefore, for
the purposes of better understanding and explanation
of the monitoring/surveillance and reporting system
of microbial zoonotic foodborne pathogens, as well
as, their control, reporting system and subsequent
epidemiological investigation, the related documents
issued by EFSA (European Food Safety Authority)
and DG SANCO (EU Commission, Directorate Ge-
neral Health and Consumer Protection) have been
used (Manual for Reporting of Food-borne Outbreaks
in the framework of Directive 2003/99/EC; EFSA,
2009a, The Community Summary Report on Trends
and Sources of Zoonoses and Zoonotic Agents in the
European Union in 2007; EFSA, 2009b); as well as,
the other relevant documents.

GOD-|

Cases p

3. Main microbial meatborne infections in
Europe

In 2007, campylobacteriosis was again the
most frequently reported zoonotic disease in humans
in the European Union, with 200,507 reported confir-
med cases; most Member States (MSs) reporting
an increased number of cases. Salmonellosis was
still the second most commonly recorded zoonosis
accounting for 151,995 confirmed human cases. Ho-
wever, the incidence of salmonellosis continues to
decrease in the European Union with a statistically
significant trend over the last four years.

3.1. Campylobacter spp.

Humans. In total, 200,507 confirmed cases of
campylobacteriosis were reported by 24 MSs, which
was a 14.2% increase compared to 2006. Children
under the age of five had the highest notification
rate (120 cases per population of 100,000). Other
age groups varied between circa 32 to 53 cases per
population of 100,000 (Figure 2, Figure 3).

Figure 2. Notification rates of reported confirmed cases of human campylobacteriosis in the EU,
2004-2007 (Adapted from EFSA, 2009b)
Slika 2. Nivoi prijavljenih i potvrdenih slu¢ajeva humanih kampilobakterioza u EU,
2004-2007 (preuzeto iz EFSA, 2009b)

Figure 3. Age-specific distribution of reported confirmed cases of human campylobacteriosis (TESSy, 2007)
Slika 3. Distribucija prijavljenih i potvrdenih slu¢ajeva humanih kampilobakterioza prema starosnoj
kategoriji (TESSy, 2007)
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Foodstuffs. Broiler meat was the most frequ-
ently sampled food category in 2007 and the re-
ported occurrence of Campylobacter was generally
at the same high level as in previous years. On
average, 26.0% of fresh broiler meat samples tested
Campylobacter positive at EU level and findings
ranged from 0% to 86.5%. In samples of pig meat
and bovine meat, Campylobacter was detected
less frequently: 0.9% and 1.2% of the samples, re-
spectively. Poultry meat appears still to be the most
important food-borne source of Campylobacter as
the occurrence of the bacteria remained at high le-
vels throughout the food chain, from live animals to
meat retail level (Figure 4).

Animals. In 2007, as in previous years, the ma-
jority of data on Campylobacter in animals was from
investigations of broilers, but data from pigs and cat-
tle was also reported. The recorded prevalence of
Campylobacter positive broiler flocks was generally
high: 25.2% at EU level ranging from 0% to 82.8%
in MSs. High prevalence was also observed from the
monitoring of pigs, 56.1% at EU level (ranging from
0.9% to 78.5%). In cattle, reported occurrences were
somewhat lower, 5.9% on average in the EU, but
prevalence up to 70.5% was reported by some MSs.
However, Campylobacter contamination rates in pig
and bovine meat typically decrease sharply following
slaughter and remain low at retail (Figure 5).

10

| [

Figure 4. Campylobacter in fresh broiler meat* (Adapted from EFSA, 2009b)
*Combined data (samples taken at slaughter, at processing/cutting plant or at retail)
Slika 4. Campylobacter u svezem Zivinskom mesu (preuzeto iz EFSA, 2009b)
*Kombinovani podaci (uzorci uzeti na klanju, u pogonu za rasecanje ili u maloprodaji)
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Figure 5. Campylobacter in broiler flocks (Adapted from EFSA, 2009b)
Slika 5. Campylobacter u jatima Zivine (preuzeto iz EFSA, 2009b)
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3.2. Salmonella spp.

Humans. In 2007, a total of 151,995 confirmed
cases of human salmonellosis (TESSy) were report-
ed in the EU. The EU incidence rate was 31.1 cases
per population of 100,000, ranging from 2.9 to 171.6
confirmed cases. In 2007, there was a 7.3% decrease
comparing with 2006 and this was part of a signifi-
cant, decreasing trend over the past four years. As
in previous years, S. Enteritidis and S. Typhimurium
were the most frequently reported serovars (81% of
all known serovars in human cases) (Figure 6). The
highest notification rate for human cases was for age
groups 0 to 4 years and 5 to 14 years. A seasonal
peak in the number of cases during the late summer
and autumn was generally observed in all MSs and
S. Enteritidis demonstrates a much more prominent
peak than the other serovars.

Foodstuffs. Reported Salmonella findings were
most frequently from investigations of poultry
meat, followed by those of pig meat. The highest
proportions of positive samples were also observed
in investigations of these food categories. The over-
all proportion of positive samples in fresh broiler

meat was 5.5%, at EU level, varying between 0%
and 55.6%. 1.1% of fresh pig meat samples were on
average found Salmonella positive in the EU, rang-
ing from 0% to 19.4% (this data is strongly influen-
ced by the high numbers of samples reported by the
Nordic MSs that have low prevalence). In bovine
meat, most MSs reported very low (<1.0%) propor-
tions of positive samples (Figure 7, Figure 8). Overall,
0.8% (range 0% to 5.8%) of tested egg units were
found positive, which is the same level as in 2006
(0.8%). However, in general, the level of samples in
noncompliance with the Salmonella criteria in 2007
was comparable to the findings in 2006.

Animals. 2007 was the first year when the new
Salmonella control programmes in breeding flocks
of Gallus gallus were implemented on a mandatory
basis (Regulation (EC) No 2160/2003). The aim of
the programmes is to meet the Sa/monella reduction
target set down by the Regulation (EC) No 1003/2005.
The target states that the occurrence of S. Enteritidis,
S. Hadar, S. Infantis, S. Typhimurium and S. Virchow
should be reduced to 1% or less in adult breeding
flocks comprising at least 250 birds by 31 December
2009. 15 MSs reported in 2007 a prevalence of

Figure 6. Number of reported confirmed salmonellosis cases in humans by
month and serovar (Adapted from EFSA 2009b; TESSy, 2007)
Slika 6. Broj prijavljenih i potvrdenih slu¢ajeva salmoneloza kod ljudi,
prema mesecu i serovaru (preuzeto iz EFSA 2009b; TESSy, 2007)

Figure 7. Proportions of Salmonella positive units, by meat category (Adapted from EFSA, 2009b)
Slika 7. Proporcija Salmonella pozitivnih proizvodnih jedinica, prema kategoriji mesa (preuzeto iz EFSA, 2009b)
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Figure 8. Observed prevalence of carcasses contaminated with Salmonella spp., baseline survey 2006-2007
(Adapted from EFSA, 2009b)
Slika 8. Prevalenca kontaminiranih trupova sa Salmonella spp., osnovno istrazivanje 2006-2007
(preuzeto iz EFSA, 2009b)

these five target serovars that was lower than the
target, whereas eight MSs reported prevalence of the
five serovars ranging from 1.1% to 15.4%. A total of
4.3% (ranging between 0% and 27.1%) of the tested
laying hen flocks were found infected during 2007,
an overall occurrence slightly higher than in the two
previous years. An EU-wide Salmonella baseline
survey was carried out in slaughter pigs in 2006 to

2007 (S. Typhimurium). In total, 19,071 ileo-caecal
lymph node samples were collected from slaughter-
ed pigs and the EU weighted mean prevalence in pigs
was 10.3% ranging between 0% and 29.0% in MSs.
Few MSs have active monitoring of Sal/monella in
cattle, but two MSs both reported slaughter preva-
lence of 0.1% in cattle (S. yphimurium, Salmonella
Dublin) (Figure 9).

Figure 9. Reported Salmonella prevalence by animal species within the EU, in 2007*
(Adapted from EFSA, 2009b)
*Data are only presented from sample size >25. Results from HACCP and baseline surveys are excluded,
as well as data based on suspicion or trace-back sampling.
Slika 9. Prevalenca Salmonella, prema vrstama Zivotinja na nivou EU, u 2007*
(preuzeto iz ESFA, 2009b)
*Podaci su predstavljeni samo za veli¢inu uzorka >25. Rezultati iz HACCP-a i osnovnih studija nisu prikazani,
kao i podaci o suspektnom ili retroaktivnom uzorkovanju.
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3.3. Yersinia enterocolitica

Humans.In 2007, 8,792 confirmed human cases
of yersiniosis were reported in the EU. Foodstuffs.
Findings of Y. enterocolitica were reported on avera-
ge in 2.0% of pig meat samples. Animals. Findings
of Y. enterocolitica were reported in 0% to 52% of

pigs.
3.4. VTECE. coli

Humans.In 2007, atotal of 2,905 confirmed hu-
man VTEC cases were reported from 23 MSs. This is
aslight decrease compared to 2006. The EU incidence
rate was 0.6 per population of 100,000. The most

commonly identified VTEC serogroup was O157
(54%), although other serogroups were detected (i.e.
026, 0103, 091, 0145, O111, 0128, O113, O146)
(Figure 10). The notification rate was highest in 0 to
4 year old children and this group also accounted for
almost 60% of the 103 HUS cases reported, mainly
associated with VTEC O157 infections (Table 1).
Foodstuffs. The reported occurrence of VTEC
bacteria in food was generally low, and has been
relatively constant during the 2005 to 2007 period. In
fresh bovine meat the proportion of samples positive
for VTEC was 0.3% at EU level and 0.1% for the
serogroup VTEC O157. Some MSs also reported,
from bovine meat, the 026, 0103, O111, and O113

Table 1. VTEC serogroups by country (TESSy, 2007)

Tabela 1. VTEC serogrupe po zemljama (TESSy, 2007)

Age

Figure 10. Haemolytic Uremic Syndrome (HUS) by age and serogroup (Adapted from EFSA, 2009b)
Slika 10. Hemoliti¢ki Uremicki Sindrom (HUS) po godinama i serogrupama (preuzeto iz EFSA, 2009b)
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serogroups that are all frequently isolated from
human VTEC cases. (Figure 11).

Animals. In bovine animals the average VTEC
prevalence was 3.6% and the proportion of VTEC
O157 positive animals was 2.9%. The reported
occurrence of VTEC ranged from 0% to 22.1%.

3.5. Listeria monocytogenes

Humans. A total of 1,554 confirmed cases of
listeriosis were reported in 2007. The EU incidence

rate was 0.3 per population of 100,000. The highest
notification rates were observed in Scandinavian
countries. The number of confirmed cases of li-
steriosis almost reached the same level as in 2006.
Listeriosis mainly occurred among elderly people,
with 53.1% of cases (notification rate was 1.0 per
population of 100.000) occurring in individuals over
the age of 65. The notification rate among children
under the age of five was 0.5 cases per population of
100.000. The case fatality rate for human listeriosis
was 20% (mainly in elderly people) (Figure 12).

Figure 11. Number of food samples tested for VTEC by food category and number of VTEC positive units,
2005-2007 (Adapted from EFSA, 2009b)
Slika 11. Broj uzoraka hrane testiranih na VTEC prema kategoriji hrane i broju VTEC pozitivnih
proizvodnih jedinica (preuzeto iz EFSA, 2009b)

Figure 12. Age-specific distribution of reported confirmed cases of human listeriosis (TESSy, 2007)
Slika 12. Distribucija prijavljenih i potvrdenih slu¢ajeva listerioza kod ljudi, prema starosnoj kategoriji (TESSy, 2007)
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Foodstuffs. In 2007, a large number of inve-
stigations concerning ready-to-eat (RTE) foodstuffs
were reported by MSs. The food categories most
often covered were RTE meat products, dairy pro-
ducts, cheeses and fishery products (Figure 13). In
general, L. monocytogenes was rarely detected in
quantities exceeding the legal safety limit of 100
cfu/g (Regulation 2073/2005/EC). The proportion
of the samples in non-compliance with the criterion
was most often observed at retail in fishery products
(1.7% and 2.2% for single products and batches,
respectively), particularly in smoked fish, followed
by meat products (0.3% and 0.7%).

on the EFSA zoonoses reporting homepage: (www.
efsa.europa.eu/zoonoses).

For each reporting year, a national report is
created in the web-based reporting system. For each
zoonoses or other subject, text forms and reporting
tables are provided. The text forms are used to enter
the narrative part of the report, e.g. description of the
monitoring system and the analyses of the results.
The reporting tables are used to enter the results, e.g.
number of samples and number of positive results.

The national report on zoonoses, antimicrobial
resistance and foodborne outbreaks is divided into
three sections:

Figure 13. Proportions of Listeria positive samples by ready-to-eat food category
(Adapted from EFSA, 2009b)
Slika 13. Proporcija Listeria pozitivnih uzoraka kod proizvoda spremnih za konzumiranje
(preuzeto iz EFSA, 2009b)

Animals. In 2007, data on L. monocytogenes
in animals and the bacterium was reported from
various animal species. In some MSs the detected
proportion of positive samples reached a moderate
level in cattle and in small ruminants.

4. Structure of the web-based integrated
monitoring system

The European Community (EC) system for
monitoring and collection of information on zoo-
noses is established by Directive 2003/99/EC on the
monitoring of zoonoses and zoonotic agents. This
Directive requires Member States (MS) to collect,
evaluate and report data on: zoonoses, zoonotic
agents, antimicrobial resistance and food-borne out-
breaks to the European Commission each year. Mo-
nitoring on zoonoses, antimicrobial resistance and
foodborne outbreaks is web-based and accessible

1. Description of the national reporting system
and national evaluation of the reported food-borne
outbreaks;

2. Total number of food-borne outbreaks;

3. Data to be reported for verified food-borne
outbreaks.

4.1. Relevant outbreaks and causative agents to
be reported

The annual reporting system covers the results
of the investigations of all food-borne outbreaks
carried out in MSs. “Food-borne outbreak” is
defined in the Zoonoses Directive “as an incidence,
observed under given circumstances, of two or more
human cases of the same disease and/or infection, or
a situation in which the observed number of human
cases exceeds the expected number and where the
cases are linked, or are probably linked, to the same
food source” (Directive 2003/99/EC).
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For the purpose of the reporting system, this is
understood to include food-borne outbreaks caused
by any virus, bacterium, alga, fungus, parasite, and
its products, such as toxins and biological amines
(e.g. histamine). Reporting should not be limited
to foodborne outbreaks caused by zoonotic agents
only, but should include food-borne outbreaks ca-
used by any of the agents above. Outbreaks caused
by ingestion of drinking water are also considered
food-borne (Regulation 178/2002), while food-borne
outbreaks caused by chemical agents are not covered
at this stage.

4.2. Mandatory reporting

In accordance with the Zoonoses Directive
2003/99/EC, all MS have to report on the following
zoonoses, zoonotic agents (list A) and other su-
bjects:

» Brucellosis and agents thereof;

» Campylobacteriosis and agents thereof;

» Echinococcosis and agents thereof;

» Listeriosis and agents thereof;

» Salmonellosis and agents thereof;

» Trichinellosis and agents thereof;

» Tuberculosis due to Mycobacterium bovis;

» Verotoxigenic Escherichia coli;

* Antimicrobial resistance in Salmonella and Cam-
pylobacter isolates from poultry, pigs and cattle
and foodstuffs derived from these species;

* Food-borne outbreaks;

» Susceptible animal populations.

4.3. Reporting based on epidemiological
situation

Other zoonoses are to be included in the mo-
nitoring and reporting according to the epidemio-
logical situation in each MS. This means that if a
certain zoonosis is of public health importance in a
MS, this MS should report on that zoonosis, but the
other MSs do not have the same obligation to report
on it.

The zoonoses to be reported based on the
epidemiological situation are listed in Directive
2003/99/EC (list B):

Viral zoonoses:

» Calicivirus;

* Hepatitis A virus;

» Influenza virus;

» Rabies;

» Viruses transmitted by arthropods.

Bacterial zoonoses:

» Borreliosis and agents thereof;
* Botulism and agents thereof;

* Leptospirosis and agents thereof;

» Psittacosis and agents thereof;

» Tuberculosis other than in point A;
* Vibriosis and agents thereof;

» Yersiniosis and agents thereof.

Parasitic zoonoses:

* Anisakiasis and agents thereof;

* Cryptosporidiosis and agents thereof;
» Cysticercosis and agents thereof;

» Toxoplasmosis and agents thereof.

Other zoonoses and zoonotic agents

Other non-zoonotic pathogenic microbiological and
toxicological agents in foodstuffs (e.g. Enterobacter
sakazakii, staphylococcal enterotoxins and hista-
mine).

4.4. Monitoring system for zoonotic foodborne
pathogens in the meat chain

Sampling strategy. The framework of the sam-
pling is an important part of the strategy, and it should
be stated if the sampling is part of a permanent or
temporary monitoring programme, linked to surve-
illance or control programmes or if it is a question
of a single survey, e.g. the sampling strategy chosen
and the purpose of the sampling: whole country
covered or only part of it; target population (entire or
subset of animal population, categories of foodstufts
and feedingstuffs); geographical regions; size of the
holdings; sampling protocol (objective, selective,
suspected, convenient or census sampling); who
is performing the sampling (competent authority
— official sampling, by owners of animals, food or
feed businesses in the context of HACCP / own-
cheks); where the samples are taken (at farm, at sla-
ughterhouse, at hatchery, at food processing plant or
at retail); stage of sampling (animal rearing period,
production period, before of after a chilling of carca-
se in the slaughterhouses, before or after expiration
of the shelf-life of foodstuffs).

Frequency of the sampling. This part is intend-
ed to explain how often samples are taken. The stan-
dard terms (e.g. every week, once a month, x times
a year)

Type of specimen taken. The specimen taken
from the units sampled is described (Table 2):
Animal species — cattle, pigs, broilers (specimens:
faeces, blood, organs or milk)

Foodstuffs — beef, pork, poultry meat

Stage in the meat chain — preharvest (on the farm),
harvest (slaughter), postharvest (processing/distri-
bution/retail)

Methods of sampling. This should include in-
formation on the site of sampling (e.g. part of a car-
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Table 2. Description of the sampling strategy for monitoring of Sa/monella spp. in
the meat chain (EFSA, 2009a; adapted by Nastasijevic 1.)
Tabela 2. Opis strategije uzorkovanja za monitoring Salmonella spp. u lancu mesa
(EFSA, 2009a; preuzeo i modifikovao Nastasijevic 1.)

Salmonella spp.

The sampling strategy

The control, surveillance and monitoring programmes

Who performs the sampling: competent authority (official sampling) or industry (own checks)

The type of sampling i.e. objective, selective or suspect

The place or stage at which the sample was taken
(e.g. farm, slaughterhouse, processing plants, retail, border inspection posts)

Type of specimen taken

Meat and meat products

Animal species: broiler, bovine and pig meat, duck meat

Pre-harvest phase: faeces, environmental surfaces, animal waste, animal hides, etc.

Harvest phase: carcase, fresh meat, trimming

Post-harvest phase: minced meat, meat preparations, meat products, retail

Status of meat: fresh/frozen/cooked

Intended to be consumed: raw or cooked

case, part of the facilities for environmental sample),
size of sample taken (e.g. in g, cm? ml), use of
swabs or other instruments in the sampling, when
relevant, the number of (sub)samples / sample units
taken, pooling of samples when conducted (always
refer the number of samples combined by pooling),
the possible storage of samples, and the length of
this storage.

Case definition / definition of a positive finding.
This covers the description of when the sample is
considered to be positive for the zoonotic agent or
when the animal, herd or flock is considered to be
infected with the zoonotic agent. Regarding food
and feed, it should describe when the foodstuft,
feedingstuff or the batch sampled is considered to be
positive or contaminated with the zoonotic agent.

Diagnostic / analytical methods used. Under
this title, the diagnostic or analytical methods used
in the laboratory to test the specimens are described.
Whenever possible, a reference to standard methods
used is made (such as national, ISO or EN standard
methods), or to the methods prescribed by the le-
gislation.

Vaccination policy. This policy can cover di-
fferent kinds of situations: vaccination of animal
populations against the zoonotic agent may be pro-
hibited or it may be mandatory or voluntary. There
can be recommendations in place to vaccinate cer-
tain animal populations or to use a certain type of
vaccination scheme. It may also be that there is no
official policy regarding vaccination. If a vaccinati-

on policy exists, it should be described and if no po-
licy exists, the established way of using the vaccines
in the MS can be explained. The description should
include, at least, a description of the vaccine, cha-
racteristics of the animals to be vaccinated (age, sex),
area where vaccination is to be implemented, special
measures for marking the vaccinated animals, etc.

Other preventive measures than vaccination
in place. Other preventive measures may include
actions taken at different levels of the food chain.
Regarding animals, it may cover bio-security mea-
sures at the farms. For the foodstuffs, it may inclu-
de recommendations on meat consumption for sus-
ceptible consumer groups.

4.5. Reporting on antimicrobial resistance

Trends on antimicrobial resistance. The infor-
mation to be reported each year or at regular intervals
(e.g. every 2. or 3. year).

4.5.1. Mandatory

Antimicrobial resistance on Salmonella spp.

Relevant animal species / food categories to be
reported: Laying hens and broilers (Gallus gallus),

turkeys, pigs and cattle, broiler meat, pig meat, bo-
vine meat.

Relevant agent species / serovars to be re-
ported:

In the qualitative antimicrobial susceptibility
tables: S. Enteritidis and S. Typhimurium and the
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next 5 most prevalent serovars in the country and
the other serovars group together. In the quantitative
antimicrobial susceptibility tables: S. Enteritidis
and S. Typhimurium for poultry species and meat
thereof; S. Typhimurium and S. Derby for pigs and
pig meat, S. Typhimurium and S. Dublin for cattle
and bovine meat, and other Salmonella serovars
grouped together for all species.

Recommended antimicrobials to be reported:
Ampicillin; Cefotaxime; Chloramphenicol; Cipro-
floxacin; Gentamicin; Nalidixic acid; Streptomycin;
Sulphonamides; Tetracycline; Trimethoprim.

Antimicrobial resistance on Campylobacter spp.

Relevant animal species / food categories to
be reported: Broilers (Gallus gallus), turkeys, pigs,

cattle, broiler meat, other poultry meat

Relevant agent species / serovars to be re-
ported: C. jejuni and C. coli separately. Reporting
of susceptibility data for Campylobacter spp. overall
is discouraged because resistance patterns vary for
different species.

Recommended antimicrobials to be reported:
Erythromycin; Ciprofloxacin; Tetracycline; Strepto-
mycin; Gentamicin.

4.5.2. Optionally

Antimicrobial resistance on E. coli

(non-pathogenic).

Relevant animal species / food categories to
be reported: Laying hen, broilers (Gallus gallus),
turkeys, pigs, cattle, broiler, pig and bovine meat.

Recommended antimicrobials to be reported:
Ampicillin; Cefotaxime; Chloramphenicol; Cipro-
floxacin; Gentamicin; Nalidixic acid; Streptomycin;
Sulphonamides; Tetracycline; Trimethoprim.

Antimicrobial resistance on Enterococcus spp.

Relevant animal species / food categories to
be reported: Broilers (Gallus gallus), pigs, cattle,

broiler meat, pig meat, bovine meat

Relevant agent species to be reported: E. fae-
cium and E. faecalis, separately

Recommended antimicrobials to be reported:
Aminoglycosides: streptomycin, gentamicin; Am-
phenicols: chloramphenicol; Beta-lactams or B-lac-
tam inhibitors: ampicillin or amoxicillin; Glycopep-
tides: vancomycin; Macrolides: erythromycin;
Streptogramins: preferably quinopristin/dalfopristin;
Tetracyclines: tetracycline.

Diagnostic/analytical methods typically used.
Three types of methods are used in antimicrobial

resistance testing for Sal/monella and indicator
bacteria: disk diffusion, agar dilution and broth
dilution. For Campylobacter, only dilution methods
are considered reproducible.

4.6. Control programmes/mechanisms

The control programmes / strategies in place.
Under this title, the control programmes in place are
described. The control programmes may be national
or regional, and they may be approved nationally or
by the Commission and co-financed by the Commu-
nity (Council Decision 90/424/EEC). The nature of
the control programmes, e.g. voluntary, mandatory,
national, regional, Community or national approval
and co financing should be indicated.

Measures in case of the positive findings or
single cases. Actions required by the legislation or
control programmes as a consequence of findings
of positive animals, foodstuffs or feedingstuffs are
explained (e.g. withdrawal of the products from the
market, destruction of animals and others).

Notification system in place. The notification
system is described, including its legal basis and sin-
ce when the disease or infection has been notifiable.

Recent actions taken to control the zoonoses.
Specific measures undertaken during the recent ye
ars to control zoonoses, are described (Table 3).

4.7. Results of the investigation

National evaluation of the recent situation,
the trends and sources of infection. The results
are interpreted in relation to their importance to
public health. It is essential to evaluate the trend
when compared to the previous year, e.g. is there
a decreasing or increasing trend or is the situation
stabilized. The important sources of infections are
also discussed.

Relevance of the findings in feedingstuffs /
animals / foodstuffs and to human cases (as a source
of infection). The importance of the feedingstuffs
/ animals / foodstuffs as sources of the human
infections is evaluated. The role of feedingstuffs
as a source of infection for animals, and similarly
the role of animals as a source of contamination for
foodstuffs are considered, as well.

History of the disease and / or infection. The
history of the zoonoses cases in humans and animals
inthe pastis reflected. For example, issues such as the
number of cases in the past and the impact of control
and eradication programmes can be addressed.

Additional information...
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Table 3. Example of integrated monitoring and control programmes for VTEC E. coli
in the meat chain (EFSA, 2009a; adapted by Nastasijevic 1.)
Tabela 3. Primer integrisanog monitoringa i programa za kontrolu VTEC E. Coli
u lancu mesa (EFSA, 2009a; preuzeo i modifikovao Nastasijevic 1.)

Verotoxigenic Escherichia coli (VTEC) in foodstuffs

The sampling strategy

The control, surveillance and monitoring programmes in place

Who performs the sampling: competent authority (official sampling) or industry (own checks)

The type of sampling i.e. objective, selective or suspect

The place or stage at which the sample was taken
(e.g. farm, slaughterhouse, processing plants, retail, border inspection posts)

Type of specimen taken

Meat and meat products

Animal species: broiler, bovine, sheep, goat, game (ruminants)

Harvest phase: carcase, fresh meat, trimming

Post-harvest phase: minced meat, meat preparations, ready-to-eat fermented meat products, retail

Status of meat: fresh/frozen/cooked

Intended to be consumed: raw or cooked

Relevant agent species / serovars / phage types to be reported:

Strains of E. coli that are capable of producing vero- (shiga-) cytotoxin (i.e. VT+) and/or possess the genes coding for
VT production.

Information on the serotype

or the serogroup (O antigen) should be reported.

Serotypes of particular interest: O157 and non-O157, (e.g. O111, 0103, 026, 0145, 091).

Case definition / definition of a positive sample

VTEC positive sample / batch — a sample / batch from which verotoxigenic E. coli has been isolated using a method
specified below.

VTEC 0157 or other serotype positive sample / batch - a sample / batch from which verotoxigenic E. coli O157 or
other serotype has been isolated using a method specified below.

Diagnostic/analytical methods typically used

The recommended method: EN/ISO ISO 16654
- molecular subtyping (PCR)

Currently, there is no internationally recognised standard method for detection of VTEC non-0157

Details should be provided on the diagnostic method used, including how verification of VTEC is carried out and the
serotypes for which screening is carried out.

Other methods
(the performance characteristics of the methods

should be given in comparison to the EN/ISO or ISO standard reference methods or other reference
methods- evidence of validation: ISO 16140:2003)

Reporting the results in the tables

For reporting of data, use tables named:

* “VTE. coli in food”; Specific guidelines for reporting data in the prevalence table:

* Sampling unit — “Single” or “Batch” should be used as the terms to be reported;

* Total units positive for VTEC - the total number of units positive for Verotoxigenic E. coli (VTEC),
* VTEC 0157 and other serotypes — the number of units positive for the specific VTEC serotype;

* VTEC, unspecified - the number of units positive for VTEC where the serotype is unknown.

Preventive and control measures in place

National microbiological criteria or guidelines for foodstuffs

Provisions or recommendations concerning use of certain foodstuffs containing potentially hazardous agents

Special recommendations for susceptible populations of consumers
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5. Conclusions

There are many routes by which the zoonotic
pathogens can reach consumers via meats including
consumption of contaminated, uncooked or impro-
perly cooked ready-to-eat (RTE) product and cross-
-contamination from raw to RTE foods. Better know-
ledge on the relative importance of these different
routes is needed. For that, both epidemiological
and microbiological approaches as well as risk
assessments of specific pathogens in specific foods
need to be applied. Such knowledge is important to
tailor and optimise the risk management strategies
and activities.

Therefore, zoonotic pathogens in meat have
to be monitored and controlled through a complete,
continuous farm-to-fork system. This means that
integrated concept for monitoring in all major
phases along the meat chain should be implemented
through “modular approach”. Risk mitigation options
were identified according to three lines of defence
formulated by the World Health Organization
(WHO): the first line focuses on the control of
foodborne pathogens in the food producing animal
(Pre-harvest control / on the farm), the second line
deals with improvement of hygiene during slaughter
and further processing of meat (Harvest control
/ in abattoir) and the third line concentrates on
measures during the final preparation of the food
and the education of the industry and the consumer
concerning the application of effective hygienic
measures (Post-harvest control / meat processing-
distribution-retail-consumer) (WHO, 1980; EFSA,

2006). This approach includes sampling, testing and
reporting on pathogens’ occurrences in those three
main production modules. In addition, it is of utmost
importance to control direct and indirect faecal
contamination of carcasses, in abattoir, through
efficient GHP/GMP and HACCP based process
hygiene management systems.

In Serbia, the integrated system for monitoring
of zoonotic foodborne pathogens in the food (meat)
chain should be developed and implemented in
the foreseeable future, in the scope of necessary
harmonization with Zoonoses Directive 2003/99/EC.
The implementation of harmonized survey methods is
needed. This will include targeted research to obtain
top quality baseline data on occurrences of different
pathogens along the meat chain and the characteristics
on their antimicrobial resistance. Further on, proper
science-based risk assessment of consumer exposure
to related pathogens can be only achieved by effective
intersectoral cooperation between veterinary and
health authorities. This includes: 1. assessment of
the monitoring systems for foodborne hazards in
the food (meat) chain (veterinary authorities); 2.
assessment of surveillance systems for foodborne
diseases (health authorities); and, 3. assessment
the interface, between the monitoring systems for
foodborne hazards in the food (meat) chain and
the surveillance systems for foodborne diseases
(Figure 14). Finally, the ultimate objective regarding
adequate level of public health protection, can be
only achieved by effective professional integration
of veterinary and health authorities, setting up all
related activities to the integrated health concept.

VETERINARY <:> HEALTH /x
AUTHORITIES AUTHORITIES
Integrated M Pre-Harvest Surveillance: U
Monitoring A (on the farm) 1. Foodborne disease L Integrated
System: ! outbreaks ¢| Surveillance
1. Zoonotic c Harvest 2. Case report.mg y ?y;ten:i:b
foodborne A (in abattoir) 3. Early warning Al O?l?bre(;rl?se
pathogens N L ) : .
. . o o ™| 2. Epidemiological
2. Al’lFlmlCI‘Oblal Post-Harvest Descriptive Epidemiology / | trends
resistance (meat processing, Ifal}alorg[;)g Investigation:
distribution, retail, 2' Erlllvironrnental
\/ consumer) (animals, food premises)
3. Foodstuffs \/
INTEGRATED
HEALTH
Figure 14. Integrated Health Concept (schematic overview, by Nastasijevic, I.)
Slika 14. Koncept integrisanog zdravlja (Sematski prikaz, prema Nastasijevic, 1.)
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COCCIDIOSIS IN POULTRY INDUSTRY*

Lili¢ S., 1li¢ Tamara, Dimitrijevic¢ Sanda

Abstract: Coccidiosis is a permanent health problem in poultry industry especially in intensive production systems.
1t is the most important poultry disease as far as economy is concerned since yearly costs of prophylaxis, as well as of therapy
exceed 2 billion Euros, at the global level. In Serbia the disease has the highest prevalence in chicken, less in turkeys, gees,
ducks and pheasants. The causes of the infection are protozoa belonging to the Eimeridae family, spore oocists being the
infective form. The source of the infection are already infected birds, whereas the disease can spread in the sussceptible bird
population by direct and indirect contact such as dust, objects on the farm, people, rodents, wild birds, as well as insects. The
incidence of the disease depends on the lack of space on the farm, high temperature and high relative humidity, improper
feeding, other diseases and all factors that can compromise bird immunity and general resistance to infectious diseases.
Coccidiosis is the disease of the spring and fall, i.e. humid seasons with plenty of rain. The parasite development takes place
in epithelial cells of the intestine of all bird species. The parasite can develop also in epithelial cells of the kidney glomerully
in gees whereas merozoits and shizonts (as a developing form of the parasite) cause severe lesions and desquamation of the
mucus. Local symptoms are accompanied with general health disturbance and typical diarrhea which is the characteristic
symptom. Diagnosis is on the basis of the general symptoms, gross and microscopic findings as well as feces sample testing.
To control coccidiosis in poultry, there is a vaccine or the disease is controlled by anticoccidials in the feed. Coccidiosis is
possible to treat with anticoccidials (coccidiostatics and coccidiocides). Economical consequences of the coccidiosis in poultry
are decreased feed conversion, smaller weight gain, inadequate feed conversion, smaller body weight at the end of the fattening
period, prolonged fattening period, as well as therapy costs.

Body weight gain is reduced, as well as accumulation of abdominal fat. The disease has a negative impact on chemical and
sensory meat appearance. One of the problems as far as coccidiosis is concerned is drug resistance. Today, coccidiosis control strategies
are the ,,shuttle” and ,, switch” program of the prophylactic medication, good manufacturing praxis and proper sanitation.

Key words: coccidiosis, poultry, economical impact.

Kokcidioza u proizvodnji Zivine

Sadrzaj: Kokcidioza je oboljenje koje predstavija stalan zdravstveni problem, narocito u uslovima intenzivnog uzgoja
zivine. Najznacajnija je bolest Zivine u ekonomskom pogledu, jer godisnji troskovi za profilaksu i terapiju kokcidioze prevazilaze
dve milijarde eura na globalnom nivou. U nasoj zemlji najzastupljenija je kod kokoSaka, a rede se javlja kod ¢uraka, gusaka,
pataka i fazana. Uzrocnici oboljenja su protozoe iz familije Eimeridae, a infektivni oblik predstavljaju sporulisane oociste.
Izvor infekcije su inficirane jedinke, a bolest se prenosi direktnim i indirektnim kontaktom — pribor, oprema, prasina, ljudi,
glodari, divije ptice i insekti. Na rasprostranjenost bolesti uticu: nedovoljan prostor, visoka temperatura i relativna vlaznost
vazduha, neadekvatna ishrana, pojava drugih oboljenja i svi faktori koji smanjuju otpornost organizma. Najcesce se javlja u
prolece i jesen, odnosno u kisnim periodima. Razvoj parazita odigrava se u epitelnim celijama creva svih ptica, odnosno epitelu
bubreznih kanali¢a gusaka, a razvojni oblici (merozoiti i Sizonti) dovode do teskih oStecenja i deskvamacije sluznice, pracenih
promenom opsteg stanja i karakteristicnim prolivom. Dijagnoza oboljenja postavija se na osnovu klinicke slike, koproloskog,
patomorfoloskog i patohistoloskog nalaza. Profilaksa oboljenja sprovodi se vakcinacijom ili primenom antikokcidijala u
smeSama za ishranu, dok se terapija sprovodi antikokcidijalima, koji mogu biti kokcidiostatici i kokcidiocidi. Ekonomski gubici
ogledaju se u povecanom utrosku hrane, smanjenom prirastu, nizoj konverziji hrane, manjoj prosecnoj telesnoj masi na kraju
tova, produzenom trajanju tova i troskovima lecenja.

Prinos trupova i deponovanje abdominalnog masnog tkiva su manji, a oboljenje negativno utice i na hemijske i senzorne
parametre kvaliteta mesa. Problem u suzbijanju oboljenja je brz razvoj rezistencije na lekove, a kontrolne strategije u suzbijanju
kokcidioze su ,,shuttle i ,, switch* program profilakticke medikacije, dobra proizvodacka praksa i sanitacija.

Kljuéne reci: kokcidioza, Zivina, ekonomski aspekti

Poultry coccidiosis disease, as far as economy is concerned. Coccidiosis
o o _ is a global disease and costs on yearly basis, for
Coccidiosis is a parasitic disease that is a con- prophilaxis, as well as therapy exceed two billion

stant health problem, especially in intensive poultry Euros (Dallouil and Lillehoj, 2006).
industry. It is the most important infectious poultry

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari
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Several domestic species are susceptible, ho-
wever concerning the incidence, as well as economic
consequences, coccidiosis is most important in
poultry, rabbits, ruminants, carnivores and less in
swine. In Serbia, coccidiosis is most important in
the chicken industry, less in turkey, gees, ducks and
pheasants.

Causative agent of the disease belong to phyl-
um Apicomplexa, class Sporozoa, subclass Coccidia,
ordo Eucoccidia, suborder Eimerinae, and family
Eimeridae that has two ordo: Eimeria and Tyzzeria.
Depending on the localization, disease in poultry has
two forms: coccidiosis of the caecum that is caused
by Eimeria tenella and intestinal coccidiosis that
is caused by a number of parasites: E. necatrix, E.
acervulina, E. maxima, E. brunetti, E. mitis, E. mi-
vati, E. praecox and E. hagani. Coccidiosis of tur-
keys is caused by: E. adenoides, E. meleagrimitis, E.
gallopavonis, E. dispersa, E. inocua, E. meleagridis
and E. subrotunda. In gees the disease can be in the
form of renal infection E. fruncata and intestinal
coccidiosis: E. anseris, E. nocens, E. parvula and
E. stigmosa. Duck coccidiosis is caused by Tyzzeria
perniciosa however, E. anatis and E. danailovi can
also cause the disease. In pheasants, coccidiosis is
caused by E. dispersa, E. phasiani, E. langeroni, E.
pacifica, E. megalostomata, E. gennaeuscus, E. du-
odenalis, E. colchici, E. picta and E. tetartooimia.

Epidemiology

The source of the infection varies and depends
on the technology in the poultry industry. In the case
of extensive poultry farming the source of infection
is one bird. In case of intensive production the source
of infection is the old bird population (Hammond and
Long, 1973). In flock, disease is spreading by direct,
as well as indirect contact (Williams, 2002). Oocysts
that are infectious could be distributed by equip-
ment, dust, people, rodents, wild birds as well as in-
sects (Dimitrijevi¢ and 1li¢, 2003). Coleoptera spp,
which are usually present in the broiler population,
can serve as mechanical vectors (Calnek, 1997).

Distribution and prevalence is influenced by se-
veral factors: high animal density cramped ona small
space, high air temperature, high relative humidity,
different (especially different age) categories of
birds at same place, feed change, quality of feed, as
well as all other factors that compromise resistance
to the disease and general health status of the birds
(Calnek, 1997). Onset of the disease depends on the
age of the bird at the time of the first infection and
number of passages of the infect (for one passage to
be completed it is required 10 days), as well as on

ability of the bird to develop proper specific immune
response (Hofstad, 1984; 1li¢ et al., 2003).

The highest incidence of coccidiosis is during
spring and fall, especially when weather is cold and
humid (rain). The incidence is significantly smaller
during hot and dry weather conditions (Maungyai et
al, 1990; Calnek, 1997; Razmi and Kalideri, 2000).
The intensity of the infection depends on the number
of oocists that are ingested and the immune status
of the bird (Hofstad, 1984). In case of release of the
chicken on to the floor that was used for the previous
flock. Sibali¢ and Cvetkovié (1996), reported the
acute form of the coecal coccidiosis and mortality as
soon as in eight days old chicken.

Infection of young chicken can not be avoided
in intensive production systems, whatever prophy-
lactic measures have been taken. So, infection takes
place in the first weeks of life. Intensive poultry pro-
duction systems, high density of totally susceptible
birds and many passages of the causative agent in the
new bird generation, pose almost ideal circumstances
for infection to persist and spread within the flock
(Jordan, 1990). To heavy load of infectious oocists
on the floor is one of the most important prerequisite
conditions for infection to persist in the flock
(Hofstad, 1984).

Clinical disease can be prevented by continu-
ous adding of the anticoccidials in feed. However,
persistence of the sub clinical disease is always a
possibility. According to some authors (Braunis,
1980; Razmi and Kalideri, 2000), sub clinical forms
of the disease depend on the size of the flock. Preva-
lence of the sub acute form of the disease is signi-
ficantly higher in flocks with more than 40,000 birds
in comparison to flocks with less of 10,000 birds.
The subclinical form of the disease is most frequent
in six weeks old chicken and infection occurs in
nearly all flocks (Jordan and Pattison, 1996). Voeten
(1987) showed that sub clinical coccidiosis is most
prominent from four to six week old chicken in the
case if anticoccidials are not added to the feed.

Pathogenesis

The nfectious form of the causative agent are
oocists in the form of spores. Infection is by oral
route, with contaminated feed and/or water. After
ingestion, infectious oocysts excist, liberating the
infective form: the sporozoit. Sporozoit infect epi-
thelial cells of the intestine and kidney epithelial
cells. Transfer of the sporozoits up to the locus of
the primary lesion is with the help of intraepithelial
lymphocytes (Lawn and Rose, 1982; Daszak, 1999).
The pathogenic process starts during shizogonic
phase of the parasite development. The pathogenic
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process during the first generation of shizonts is
negligible. However, the most pathological stadium
is during the second generation of shizonts. Their
development, deep in the cells of Liiberkinii glands,
results in inflammation, mucus desquamation, ca-
pillary rupture and haemorrhagiae. This stadium
of the disease is accompanied with severe clinical
symptoms. In this stadium, possible outcome could
be death of the bird. Death is a consequence of
haemorrhagiae (bird can loose 60 to 80 percent of
the blood volume), toxemia or as a consequence of
gangrene or rupture of the intestinal wall.

During coccidiosis, there can be other infec-
tions such as reovirus infection, Marek disease,
New Castle virus infection and infectious bronchitis
virus infection. In such a case, symptoms are mix-
ed depending on causative agents (Ruff, 1991). Es-
pecially in Nordic countries, there are mixed infe-
ctions with Eimeria spp, CI. perfringens or E. coli.
This is because the use of antibiotics is banned (Van
Der StroomandVan der Sluis, 1999).

Endogenous development of renal coccidiosis
in gees takes place in tubules of the kidney. As a re-
sult, there is desquamation of the epithelia, obstructi-
on and dilatation of the tubuli by mature gamonts.
Kidneys are enlarged, there are urate salts deposits
in the urinary tract, as well as kidney failure.

Developmental cycle of the parasite

All coccidia develop in same way. There are
two phases: endogenous and exogenous. Vide infra is
the infectious cycle of the E. tenella which is highly
pathogenic and the most prevalent in our region.

The endogenous phase is in the animal (bird)
and there are two sub-phases: shizogonia (nonsexual
sub phase) and gametogonia. Shizogonia is characte-
rized by producing one after another generations of
shizonts that carry merozoits as the infectious form
of the parasite (Soulsby and Rose, 1972). During
the sexual sub-phase (gametogonia), oocysts form
that are responsible for further infection spreading.
Exogenic phase take place out of the bird. During
this phase, oocysts sporulate (sporogonia).

One to two hours (Lawn and Rose, 1982), after
ingestion of the oocysts they excyst as the wall of
the oocysts ruptures and releases sporocysts. From
oocysts, by further degradation, release of the spo-
rozoits occurs. Sporozoits attack the surface of
the caecal epithelium (Patillo, 1959; Davies et al.,
1963), penetrate the basal membrane and enter the
lamina propria mucosae whether free or inside the
macrophages. Finally, they attack epithelial cells that
cover the bottom of the Liiberkinii cripts (Lillehoj
and Trout, 1993).

In most cases, from the second generation of
merozoits microgametocyte develop, as well as
makrogametocites. Sexual phase of the parasite
development, takes place in the cells of the mucus
and sub mucus. That phase starts from 6" day of the
infection (Pellerdi, 1974). Microgametocytes (12,4 x
8,7 um) (Tyzzer, 1929), enlarge and undergo through
a number of divisions resulting in microgamete
development (Davies et al, 1963). Microgamets are
mobile, fusiform in the shape approximately 5 um
long with three active flagella evenly distributed on
one end of the cell (Joyner and Kendall, 1963).

Macrogametes are as big as oocysts. During
growth they transform into the macrogamete. Ma-
crogamete have granular cytoplasm and centrally
placed nucleus (Pellerdy, 1974). When micro and
macrogametes join they form zygote. After the
fertilization phase, the macrogamete mucoprote-
inaceous granule that is placed on the periphery of
the cell, form the outer membrane of the zygote.
From that form, nonporous oocyst develops.

Once the cyst wall is formed completely the
oocyst leaves the host through feces. Prepatent period
is the time from the start of the infection up to the
moment when first oocyst could be found in feces.
This period of time is unique for the species and in
case of E. tenella, it is up to 6 to 7 days (Pellerdy,
1974). The maximal number of oocysts in feces is
at 10™ day after infection. After that time, number of
the oocysts in feces sharply decline (Hammond and
Long, 1973).

enar ilisana
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Figure 1. Scheme of the developing cycle of
Eimeria tenella

Slika 1. Shematski prikaz razvojnog ciklusa
Eimeria tenella
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Diagnosis

Diagnosis of the coecal coccidiosis is made on
the basis of clinical signs, coprology, patomopholo-
gical and patohistological analysis. Clinical diagno-
sis is not reliable. One of the basic symptoms that
could lead to diagnosis is bloody diarrhea, as well
as changes in feces appearance (Dimitrijevié, 1999).

Disease signs (clinical)

The first and most frequent symptom is at
the beginning yellow diarrhea. As the disease pro-
gresses, because of the blood in feces, feces are red
or resemble the color of chocolate (Jordan, 1990).
The feathers around the cloacae are covered with
bloody deposits. Feces are stained with blood. Birds
that survive first few days of the infection, can
survive the next 10 to 15 days. During that time,
birds are thirsty and rapidly loose weight (Calnek,
1997). Symptoms of the disease start to appear at the
time when the second generation of shizonts starts
rapidly to replicate, grow, mature and release the
second generation of merozoits. Second generation
of merozoits cause inflammation of the sub epithelial
mucus, desquamation of the epithelia and capillary
rupture in the caecum wall. As a consequence, blo-
ody diarrhea occurs (Jordan, 1990).

Other signs of the disease are anorexia, thirst
(Pellerdy, 1974), somnolentia, goose pimples, drop-
ped wings, closed eyes, leg paralysis, anemia of the
crest and outer mucous membranes, enterorrhagiae,
skin depigmentation and in spite of the loss of
appetite the gizzard is filled with feed (Ruff, 1991).
Death usually occurs 5. and 6. day after infection
(Hammond and Long, 1973).

It is postulated that death is the result of blood
loss, as well as infection. However, the precise cause
of death is not jet clear (Calnek, 1997). Death of the
bird can be the result of gangrene or rupture of the
caecal sac (Hofstad, 1984).

In gees with renal coccidiosis somnolence,
leg weakness, birds are reluctant to move, eyes are
closed, inapetencia, thirst, whitish diarrhea, dropped
wings, nervous signs, neck twisting, weight loose,
and death are present.

Coprology

Coprology is performed on native samples by
flotation, using concentrated solutions of NaCl. The
most reliable method is to find oocysts and count
them by using the McMaster method. However,
it is not enough to confirm the causative agent or
cause of death since death can occur before onset of
oocysts in the feces (Dimitrijevi¢, 1999; Dimitrijevié
and 1li¢, 2003). Positive results only show that there

is infection that is at least seven days old (Hofstad,
1984). In the case of renal coccidiosis of gees,
oocysts can be found in feces however this finding is
not enough for diagnosis, since there are difficulties
to differentiate them and oocysts of the intestinal
coccidias.

Patomorphological leasons

In cases of intestinal coccidiosis, the first and
second day after infection, on the microscopic level
(patohistology) there are focal lesions of the intesti-
nal epithelium and small necrotic foci in the subepite-
lial connective tissue. Those changes are the result of
first generation shizont maturation. On the third day,
caecums are enlarged in diameter and there are regi-
ons with petechiae in the mucosa. The most promi-
nent macroscopic lesions are from the fourth and
fifth day after infection. It is obvious since in that pe-
riod the second generation of the shizonts completely
matures and on the fifth day after infection there is
transformation into the second generation merozoits.
Entrance of the second generation of merozoits into
the healthy epithelial cells, mark the moment when
haemorrhagiae of the caecum start. Such findings
accompanied with heterofil infiltration of the /amina
propriae and submucosis, as well (Calnek, 1997).

The intestine is shortened and the intestinal
wall is thickened. The lumen is enlarged two to three
times. The color is dark blue with sub serous pete-
chiae. Mucosa is thickened; surface of the epitheli-
um, as well as the epithelium of the Liiberkini crypts
is desquamated with haemorrhagic patches. The
intestinal content is watery, bright red in colour with
desquamed cells, erythrocytes and plenty of coccidia
in different stages of development. Later on, the
content becomes thick and thecolour is changed to
dark red. Gradually, fibrinous tissue encirculates the
content of the intestinum, resembling gray-yellow
hard cork (Nesi¢, 1999).

During the sixth and seventh day of infection
the content of the intestinum hardens and becames
dry. Epithel regeneration is fast and can be accom-
plished in 10 days after infection. However, as a
consequence of intensive local lesions, it is possible
that the epithel never returns to the previous conditi-
on(Calnek, 1997). Recovery starts with the appearan-
ce of fibroblasts and angioblasts (Pellerdy, 1952).

Microscopic examination of the intestinal wall,
reveals plenty of parasites in different stages of
maturation and development. Native sample-slide is
especially useful since it shows oocysts and macro-
gamets (Jordan, 1990). The pathognomonic finding
is the presence of shizonts in the material (Calnek,
1997).
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Diagnosis is made on the basis of gross lesions
in the intestinum, as well as microscopically by
using the content of the intestinum as a sample
(Calnek, 1997). Intensity of the infection can also
be estimated especially if there is a doubt whether
coccidias are the only cause of the fatal outcome of
the disease. Intensity of infection is in proportion
with the number of oocysts that were ingested and
is in positive corelation to other parameters such as
loss of body weight and changes in feces appearance
(Hofstad, 1984).

Postmortem examination of gees that suc-
cumbed to renal coccidiosis are cahectic and gross
lesions and are localized only in kidney. Kidneys
are enlarged, circular in shape, smooth and bright
at the surface, grey-white or grey-yellow in color.
Sometimes the color changes to gray-red and red-
brown. The surface of the kidneys have plenty of
softened foci that are white or yellow, circular and
0.5 to 1 mm in diameter. These foci are not clearly
separated from rest of the kidney tissue. It is possible
to find whitish stripes and petechiae (Dimitrijevi¢
and 1li¢, 2003).

Histology

Using standard pathohistology staining proce-
dures (hematoxillyn-eosin) different stages of para-
site development can be seen (Hofstad, 1984). In
order to differentiate and identify them, it is better
to use Shiff’s reagent. Polysaccharides accompained
with refractary granula, as well as aggregates that
form the macrogamete wall, stain bright-red (Cal-
nek, 1997; Nesi¢, 1999).

Appart of the abovementioned standard tech-
nique, there are other more specialized diagnostic
methods that use monoclonal antibodies conjugated
with fluorescent markers (Calnek, 1997).

Microscopical examination of the sample re-
veals that second shizont generation migrate deep
into the lamina propria. Around them, there is a
strong inflammatory cell reaction with eosinophils,
plasma cells and in some cases giant cells (Hofstad,
1984). Oocysts can be found in tissue sections, and
the finding depends on the stage of the infection when
the sample was taken. Oocysts can be seen in giant
cells next to the muscular lamina of the intestinal
wall (Pellerdy, 1974). The first shizont generation,
that matures two to three days after infection, can be
seen microscopically scattered as a wide belt. Small
focal hemorhagiae and necrosis can be seen in the
vicinity of blood wessels in the stratum circulare
internum of the intestinal wall muscular lamina
(Jordan, 1990).

Kidney tubuli from infected gees are dilated
and filled with epithelial cells and oocysts. Ureters

are dilated and filled with mucous yellow-brown
mass. At some places, epithel of the renal tubuli
totally dissapeared and as a consequence, there are
cists filled with parasites in different stages of deve-
lopment and cell detritus. Around most of the tubuli,
there is fibrinous tissue proliferation with a number
of inflamatory cells (Dimitrijevi¢ and Ili¢, 2003).

Prophilaxis and therapy of coccidiosis

Coccidiosis can be treated with anticoccidials.
They can act either as coccidiostatics, that inhibit
growth and development of the intracellular parasite
form or coccidiocides. Coccidiocides destroy the
parasites during their developmental stages. Most
of the anticoccidials are coccidiocides or they are
at the beggining of the action coccidiostatics and in
later stage, coccidiocides (Long and Jeffers, 1986).
In order to prevent coccidiosis, it is possible to add
some of the above mentioned substances in the feed
for birds. In case therapy is needed, the drug is given
diluted in drinking water.

Basically, anticoccidials are devided in 12 gro-
ups: benzenacethonitril derivatives (clazuril and
diclazuril), benzyl-purin (arprinocid) derivatives,
xarbanilid derivatives (nicarbazine), gvanidine de-
rivatives (robenidin), dinitrobenzamide derivati-
ves (dinitolmid), ionofors-polyether antibiotics
(monensin, lasalocid, narasin, salinomicin, madu-
ramicin, alboriksin), piridins (klopidol), quinazolines
(halofuginon), hinolons (dekokvinat, metilbenza-
kvat), sulphonamides (sulphakvinoksalin), symme-
tric triazinons (toltrazuril) and tiamine antagonists
(amprolium).

With the exeption of ionophors, there is a
possibility that coccidias develop resistance (Jordan,
1990; Dimitrijevic et al., 1992; 1998). It is required
only that several sporozoits survive and start the
asexual cycle. That leads to production of several
thousands of parasites that are resistant to a particular
drug. In order to avoid resistance, it is better to use
coccidiocides that act onthe late stages of shizogony
(Jezdimirovi¢, 1997).

In order to minimize the possibility for re-
sistance to develop, it is possible to use “’shuttle”
and ”dual” program. The basis of such program is to
change drugs during flock raising. Another program
is the ’switch” program i.e. changing the drug for
the next flock. Whatever drug is in use, it is essential
to change drugs according to the mode of action of
the active substance. Only in that case there is a real
chance to avoid development of resistance within
the parasite population (Calnek, 1997; Dimitrijevic
and 1li¢, 2003).
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After treatment, whether prophylactic or in
therapy, there is need to take care of drug withdrawal
period. Nowadays, in order to prevent the disease,
most often iodophors are in use. Drugs are omitted in
the feed for the final fattening period. Nevertheless,
even witho ionophores there is a possibility for the
parasite to develop resistance (Chapman, 1997).

Immunity

Broilers that survived coecal coccidiosis, im-
munity is life lasting and that is normal in natural
infeciton (Pellerdy, 1974). Chicken, acquire immu-
nity from their mothers only if hens are activelly
immunized against coccidiosis (Hammong and
Long, 1973).

Immunity against parasitic diseases develops in
the same way as protection against all other infectious
diseases. It is dependent on the age (Ruff, 1991) and
genetic background (Jeffers and Shirley, 1982). At
the same time, it depends on the number of oocysts
that are innoculated. Immunity against coccidiosis
is highly specific and cross protection has not been
documented. That means that different species of
the parasite can cause disease in susceptible birds
(Hofstad, 1984; 1li¢ et al., 2003a).

Early informations on immunity against cocci-
diosis show that in order to stimulate the immune
reaction, it is required to have, as immunigen,
shizonts of the second generation. However, it has
been shown that the immune reaction develops as
early as 72 (Kendall and McCullogh, 1952) hours
after ingestion or after intracutaneous injection (Pe-
llerdy, 1974), of the infective oocysts at the time
when there are not second generation of the shizonts
developed jet.

Good protection in the case of coccidiosis
means that there is no development of the parasites
and onset of oocysts during reinfection. That is
achieved after several natural infections. Better
protection is achieved with every day infection of
chickens with a small number of infective oocysts
in comparison with one single dose (Joyner and
Notrhon, 1973). In practice, simulation of multiple
dose immunization is during floor husbandry when
continous reinfection keep the immune system in
contact with the immunogen (Sibali¢ and Cvetkovié,
1996; Jordan, 1990).

The immune response to coccidia is complex.
Animals infected with Eimeria spp. develop parasi-
te-specific immunoglobulins that are present in the
circulation, as well as on the mucous membranes, in
secretions. However, it has been shown that specific
antibodies play a minor role in the protection against
coccidiosis. Nowdays there is evidence that cell

imunity plays a major role in the protection against
infection (Challey and Burns, 1959; Pattillo, 1959;
Daviesandsar., 1963; Soulsby, 1972; Lillehoj and
Trout, 1996; llica et al., 2003a, 2003b).

Early investigations show that the basis for
protection against coccidiosis are of the humoral
type (McDermot and Stauber, 1954; Itagaki and
Tsubokura, 1955). However, today it has been shown
that the protection is of the cellular type (Long and
Pierce, 1963). Details of the protective mechanisms
that are activated during infection are not clarified jet
however, it is clear that cellular immunity plays the
most important role in bird protection (Lillehoj and
Bacon, 1991).

As aresult of infection, T lymphocites produce
cytokines. At the same time, T lymphocites are
cytotoxic to infected cells (Lillehoj and Trout,
1996). However, detailed mechanisms of that prote-
ction are still obscure. One of the theory is that the
major mechanism of protection is the presence of
intestinal immune system of chickens, that means
that the intestinal lymphoid tissue poses as the first
specialized line of defence of the mucous surfaces.
That system encirculates not only immunoregulato-
ry, but effector cells, as well.

Vaccination

Because of the resistance against anticoccidials
that often develops, vaccination is the most appro-
priate method for desease control (Augustine et al.,
2001). Vaccination is the simpliest and cheapest
way to achieve immunoprophilaxis. In that way,
the immune system is activated so natural infection
causes a secondary immune reaction which is faster
and better in comparison to the primary immune
reaction (Nagli¢ and Hajsig, 1993; Dimitrijevi and
1li¢, 2003a).

An ideal vaccine will stimulates long lasting
immunity against all epitopes in the coccidia structu-
re. That immunity has to be not only specific for the
basic pathogenic coccidia species, but also against
strains that develop during epizootia (Dimitrijevic,
1993). The vaccine also has to be harmless for birds
that are vaccinated. At the same time the vaccine
must not contaminate the natural habitat with po-
tentially pathogenic coccidia. Vaccines that are in
use, can have atenuated (alive), recombinant or an-
tiidiotypic immunogens. As immunogens, atenuated
vaccine can have non-virulent coccidia strains or can
be produced on the basis of virulent coccidia strains
(Lillehoj and Trout, 1993; Liand et al., 2005).

Live vaccines that posess virulent coccidia stra-
ins comprise of a mixture of all species of virulent
coccidia. Such a vaccines can be used in drinking
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water (Jordan, 1990). They elict the most potent
immune reaction since immunogenic characteristics
match with the ability of the parasite to replicate and
with the level of pathogenicity (Nagli¢ and Hajsig,
1993). They are the best vaccines however, such
vaccines have to be used in small doses in order
pathogenic changes not to occur (Orli¢ et al., 1996,
Dimitrijevi¢, 1997). For maximal effect, birds have
to be revaccinated several times (Orli¢ et al., 1996;
Dimitrijevié, 1997).

Recently, as the immunogen in vaccines,
there are alive Eimeria species that are tollerant to
iodophores. Advantage of such vaccines is that in
vaccinated flock iodophores can be used in the first
3-4 weeks of bird life, at the time when immunity is
not jet fully developed (Danforth, 2000). Vaccinated
birds, for not jet clear reasons, have a smaller
mortality in comparison untreated ones (Williams,
2002). Live, virulent immunogens (vaccines) are
not quite appropriate for broilers since there is a
possibility of accumulation of parasites in the floor
(Lillehoj and Trout, 1993).

Live attenuated vaccines can be divided into
two groups. The first group comprises of vaccines
that are made of natural strains that are of low viru-
lence. The second group of such vaccines, have la-
boratory produced low virulence strains as immuno-
gens (Shirley, 1989).

Special advantages of live vaccines is that
vaccine strains compete with natural, highly virulent
strains that are resistant to drugs (Hofstad, 1984). In
that case, vaccine strains overgrow natural strains
in the vaccinated bird population. By attenuation
of infectious oocysts, live cycle of coccidia can
be shortened in order to enable required number
of immunizing stages and still not possessing an
infectious potential (Dimitrijevi¢, 1993).

Advantages of attenuated vaccines, in compa-
rison to virulent vaccines are that in the production
of a great number of oocysts, there is minimal
danger of infection to occur. The disadvantage is
that there is only a partial protection against natural
»field” coccidia strains (Shirley, 1989; Augustine et
al., 1993).

Vaccines based on recombinant techniques
consist of immunogens that were produced in
bacterial vectors. In that way, large quantities of
immunogen can be produced (Dimitrijevi¢, 1997).
They are a kind of cocktail consisting of different
antigens originated from several coccidia species.
At the same time, such vaccines consist of different
antigens from the same coccidia species. To produce
them, it is required to use complex technology
and their production is still a matter of future in
vaccinology. Disadvantages of such vaccines are

low immunogenicity and possible selection of mu-
tant coccidias that do not possess the cloned gene.
So, such mutant parasite can freely replicate in the
vaccinated bird population. At the beggining, in
few parasite generations, mutants represent a small
population however, during epizootia, they became
dominant. That means that in such a case, there is
a need to produce new recombinant immunogens
frequently (Lillehoj and Trout, 1993; Dimitrijevi¢
and 1li¢, 2005).

Anti-idiotypic vaccines are a special variety of
vaccines that use anti-idiotypic immunoglobulins
(Lillehoj and Trout, 1993). The mode of action of
such antibodies is based on idiotypic-antiidiotypic
network. Anti-idiotypic vaccines open new possi-
bilities in coccidiosis immunoprophilaxis however,
they are very expensive. At the same time they lack
immunogenicity (Nagli¢ and Hajsig, 1993). In futu-
re, such immunization could be used for overcoming
certain genetical limitations that are still causing
problems in vaccination against some other diseases
(Lillehoj and Trout, 1993).

Coccidiosis — economic impact

In the last few years the poultry industry and as
a consequence chicken meat represents 80 percent
of the whole production of meat originating from
birds. Still, production is the fastest growing in the
meat industry. According to analysis, production,
as well as consumption of chicken meat, will rise
because of: good feed conversion in comparison to
other animal species, there is not religious aspect of
poultry meat consumption, poultry meat is healthy
(low fat and high protein content), has good sensory
quilities, low price and fast production which mean
a short generative time. Poultry, during coccidio-
sis and after therapy, have poor productive results.
Daily feed quantity and feed conversion rise. Chick-
en daily growth weight is reduced, as well as body
mass at the end of the fattening period (Jordan, 1990;
Vermeulen et al., 2001). As a result the fattening
period should be prolonged. At the same time, care
should be taken for the withdrowal period for the
drug wich further rises costs of production (Jordan,
1990; Williams, 2002).

Because of coccidiosis, carcass yield is smal-
ler, as well as the proportion of more valuable
parts of the body. Also, fat deposits are smaller in
the abdominal fat tissue. In broilers’ meat, there
is higher water content and less proteins. Relative
proportion of proteins of the fibrinous tissue in the
total protein mass is higher. Sensory characteristics
of the broilers’ meat are bad in comparison to the
population where coccidiosis was absent (Lilic,
2007). In liver of infected borilers, content of iron
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and copper is smaller. Meat of infected broilers have
a decreased iron manganese and phosporous content
(Koinarski et al., 1998).

A great economic problem is resistency to
anticoccidial drugs. Such drugs are not easy to use.
Also, development of new drug generations, that
are for prophilaxis and therapy, is expensive. As an
alternative, there are investigations whose target is
to use immunological, biotechnical and genetical
methods for prevention and control of coccidiosis
(Grag et al, 1999). Of all coccidias that cause the
disease, Eimeria tenella is widely distributed and
serves as a gold standard in order to sequence the
genetical material of the causative agent. At the same
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MYCOTOXINS IN THE FOOD CHAIN - OLD
PROBLEMS AND NEW SOLUTIONS*

Milicevic D.

A b s tract Mycotoxins are toxic compounds, produced by the secondary metabolism of toxigenic molds in the
Aspergillus, Penicillium, Fusarium, Alternaria and Claviceps genera occurring in food and feed commodities both pre- and
post-harvest. Adverse human health effects from the consumption of mycotoxins have occurred for many centuries. When
ingested, mycotoxins may cause a mycotoxicosis which can result in an acute or chronic disease episode. Chronic conditions
have a much greater impact, numerically, on human health in general, and induce diverse and powerful toxic effects in test
systems: some are carcinogenic, mutagenic, teratogenic, estrogenic, hemorrhagic, immunotoxic, nephrotoxic, hepatotoxic,

dermotoxic and neurotoxic.

Although mycotoxin contamination of agricultural products still occurs in the developed world, the application of mo-
dern agricultural practices and the presence of a legislatively regulated food processing and marketing system have greatly
reduced mycotoxin exposure in these populations. However, in the developing countries, where climatic and crop storage
conditions are frequently conducive to fungal growth and mycotoxin production, much of the population relies on subsistence
farming or on unregulated local markets. Therefore both producers and governmental control authorities are directing their
efforts toward the implementation of a correct and reliable evaluation of the real status of contamination of a lot or food
commodity and, consequently, of the impact of mycotoxins on human and animal health.

Key words: mycotoxins, human and animal health, risk analysis

Mikotoksini u lancu ishrane—stari problemi i nova reSenja

Sadrzaj: Mikotoksini su toksicna jedinjenja, proizvod sekundarnog metabolizma plesni iz voda Aspergillus, Penicillium,
Fusarium, Alternaria i Claviceps, koja mogu da kontaminiraju hranu za ljude i Zivotinje, kako u poljima tako i u skladistima.
Stetni efekti upotrebe plesnive hrane zabelezeni su jos od davnina. Alimentarnim unosenjem toksina plesni nastaju intoksikacije
tzv. mikotoksikoze koje, s obzirom da su vezane za hranu, mogu da poprime akutne i hronicne razmere. Hronicni efekti nastali
upotrebom hrane kontaminirane mikotoksinima imaju veoma veliki uticaj na zdravlje ljudi i rezultuju kancerogenim, mutagenim,
teratogenim, estrogenim, hemoragicnim, imunotoksicnim, nefrotoksicnim, hepatotoksicnim, dermotoksi¢nim i neurotoksicnim

efektima.

lako je problem kontaminacije hrane za ljude i Zivotinje mikotoksinima jos uvek prisutan u razvijenim zemljama,
primenom novih dostignuca u poljoprivrednoj proizvodnji i odgovaraju¢om zakonskom regulativom, znacajno je smanjena
izlozenost ljudi i zivotinja mikotoksinima. U zemljama u razvoju u kojima su klimatski faktori i uslovi skladistenja hrane, cesto
povoljni za kolonizaciju plesni i sintezu mikotoksina veliki deo stanovnistva orjentisan jena poljoprivrednu proizvodnju ili
na snabdevanje iz neuslovnih objekata prodaje. Iz tog razloga proizvodaci hrane i organi drzavne uprave su svoje aktivnosti
usmerili ka implementaciji tacne i pouzdane procene stvarnog stanja kontaminacije hrane mikotoksinima, a u cilju dobijanja
relevantnih podataka o uticaju mikotoksina na zdravlje ljudi i Zivotinja.

Kljucne reci: mikotoksini, zdravije ljudi i Zivotinja, analiza rizika

Introduction

Mycotoxins are a structurally diverse group
of mostly small molecular weight compounds, pro-
duced by the secondary metabolism of some fila-
mentous fungi or molds of the Aspergillus, Peni-
cillium, Fusarium, Alternaria and Claviceps genera,
which, under suitable temperature and humidity
conditions, may develop on various foods and fe-

eds, causing serious risks for human and animal
health. In structural complexity, mycotoxins vary
from simple C, compounds, e.g. moniliformin, to
complex substances such as the phomopsins (Cul-
venor, 1989) and the tremorgenic mycotoxins (Ste-
yn, 1985). Although currently more than 300 myco-
toxins are known, scientific attention is focused
mainly on those that have proven to be carcinogenic
and/or toxic. Human exposure to mycotoxins may
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result from consumption of plant derived foods
that are contaminated with toxins, the carryover of
mycotoxins and their metabolites into animal pro-
ducts such as milk, meat and eggs or exposure to
air and dust containing toxins (Jarvis, 2002; CAST,
2003). Human food can be contaminated with my-
cotoxins at various stages in the food chain and the
three most important genera of mycotoxigenic fun-
gi are Aspergillus, Fusarium and Penicillium. The
principal classes of mycotoxins include a metabolite
of Aspergillus flavus and Aspergillus parasiticus,
aflatoxin B,, the most potent hepatocarcinogenic
substance known, which has been recently proven to
be genotoxic; ochratoxin A, produced by Penicillium
verrucosum and Aspergillus ochraceus, which is
known to be carcinogenic in rodents and nephrotoxic
in humans. Although its genotoxic power has so
far not been definitively established; zearalenone,
produced by various species of Fusarium, in parti-
cular F. graminearum and F. culmorum, which has
an estrogenous action and is significantly toxic to the
reproductive system of animals. The tricothecens,
a group of numerous metabolites produced by Fu-
sarium, Stachyobotris, and Cephalosporium species,
cause mainly dermotoxicity, immunotoxicity, and
gastrointestinal disturbances; and the fumonisins,
produced mainly by Fusarium moniliforme, may
induce leukoencephalopathy in equines as well as
hepatotoxicity in rats (Pohland, 1987).

The impact of mycotoxins on health depends
on the amount of the mycotoxin consumed, the to-
xicity of the compound, e.g. acute or chronic (e.g.
carcinogenic) effects, the body weight of the indi-
vidual, the presence of other mycotoxins (synergistic
effects) and other dietary effects (Kuiper-Goodman,
1991). The incidence and extent of mycotoxin
contamination are strictly related to geographic and
seasonal factors as well as cultivation, harvesting,
stocking, and transport conditions (WHO, 1979).
The evaluation of the incidence and extent of con-
tamination of foodstuffs is crucial and has, in fact,
been taken into account for many years by the
various disciplines that concur in the definition and
management of the risk associated with these toxins
and its management (Gleadle, in press ).

Chemistry of mycotoxins

Aflatoxins

The aflatoxins, a group of closely related he-
patocarcinogenic bisdihydrofurano metabolites, pro-
duced by certain strains of Aspergillus flavus and
Aspergillus parasiticus, led to the resurgence of in-
terest in all aspects of mycotoxicology. Aflatoxin B,

(AFB)) is the most carcinogenic of the aflatoxins,
also, it is the most commonly occurring aflatoxin
and has been said to be the most potent hepato-
carcinogen to rats and mice. AFM, excreted in the
milk of lactating cows has toxic properties similar
to AFB,; it is therefore of great public concern,
particularly with regards to young children. The
potent hepatocarcinogenicity of the aflatoxins led
to extensive studies of their carcinogenic properties;
detailed information was obtained on their world-
-wide occurrence in foods and feeds, and their
putative role as causal factors for human PLC (pri-
mary liver cancer). IARC declared the aflatoxins
in 1987 as human carcinogens; the classification
was confirmed by re-evaluation in 1992. The need
to control aflatoxin exposure is based on 2 major
concerns: the adverse short and long-term effects of
aflatoxin-contaminated commodities on human and
animal health and the presence of aflatoxin residues
or metabolites in animal tissues and milk used as
human food.

Ochratoxins

Ochratoxin A (OTA) is a pentaketide-derived
dihydroisocoumarin moiety linked via the 12-carbo-
Xy group by a peptide bond to L-phenylalanine. The-
re are several OTA analogues, ochratoxins B, C, and
alkyl esters of ochratoxins that have similar structure
but are less toxic. OTA was the first mycotoxic
compound isolated from Aspergillus ochraceous, and
later it was found in other Aspergillus and Penicillium
species such as Penicillium verucosum. OTA is a main
contaminant of cereals (corn, barley, wheat) and to so-
me extent beans (coffee, soy, and cocoa). Aspergillus
species are associated with OTA production in tropi-
cal areas, whereas OTA producing Penicillium speci-
es thrive and can produce OTA in a colder climate
with temperatures as low as 5°C. The toxicity of OTA
involves several mechanisms. OTA inhibits prote-
in synthesis by competing with the phenylalanine
aminoacylation reaction catalyzed by Phe-tRNA
synthase (Creppy, 1984). This results in inhibition of
protein as well as DNA and RNA synthesis. OTA also
disrupts hepatic microsomal calcium homeostasis
by impairing the endoplasmic reticulum membrane
via lipid peroxidation (Omar, 1991). OTA became
regarded as a very important mycotoxin since it
plays a major role in the nephropathy occurring both
in human and animal, particularly in swine (Danish
porcine nephropathy) and poultry.

Trichothecenes

The Fusarium fungi are probably the most
prevalent toxin-producing fungi of the northern
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temperate regions and are commonly found on
cereals grown in the temperate regions of America,
Europe and Asia. A variety of Fusarium fungi,
which are common soil fungi, produce a number of
different mycotoxins of the class of trichothecenes:
T-2 toxin, HT-2 toxin, deoxynivalenol (DON) and
nivalenol and some other toxins zearalenone and fu-
monisins. The trichothecenes are a family of related
cyclic sesquiterpenoids, which are divided into four
groups (types A—D) according to their characteristic
functional groups. Type-A and —B trichothecenes
are the most common. Type A is represented by
HT-2 toxin and T-2 toxin and type B is most frequ-
ently represented by DON, 3-acetyl-DON (3-Ac-
-DON), 15-acetyl-DON (15-Ac-DON), nivalenol
(NIV), and fusarenon X (FUS-X). Whereas type-B
trichothecenes possess a carbonyl functionality at
C-8, type-A trichothecenes lack the keto group at
that position and have other oxygen functions at C-8
instead. This chemical characteristic and the fact that
type-A trichothecenes generally have fewer hydrox-
yl groups makes the type-A trichothecenes less po-
lar, which affects analytical procedures from extra-
ction and clean-up up to separation and detection.
Toxinogenic fusaria have been implicated in human
health diseases such as ATA (Yagen, 1977), Kashin-
Beck disease, akakabibyo (scabby grain intoxicati-
on) and esophageal cancer, as well as in a number of
animal diseases such as skin toxicity, bone marrow
damage, haemorrhagic and estrogenic syndrome
(zearalenone), and equine leukoencephalomalacia
(ELEM, fumonisins).

Tremorgenic mycotoxins

A brief survey of the structural properties of the
fungal tremorgens, namely penitrems, janthitrems,
lolitrems, aflatrem, paxilline, paspaline, paspalicine,
paspalinine and paspalitrems A and B, reveals their
close biogenetic relationship. In the case of aflatrem
and paspalitrems A and B, a unit is attached to the
paspaline-type structure (Steyn, 1985). Tryptophan
(Trp) is a common constituent of many secondary
metabolites, several affecting the central nervous
system, such as the ergot alkaloids. Trp is the bioge-
netic precursor of the cyclopiazonic acids (Steyn,
1975), tremorgenic substances such as fumitremor-
gens A and B (Yamazaki, 1971) and verruculogen
(Fayos, 1974). In the structurally related metabolit-
es, the brevianamides and austamides (Steyn, 1973),
Trp and proline contribute the dioxopiperazine part
of the molecules. Trp is again a building block of
the tetrapeptide metabolites, the tryptoquivalines,
which contain in addition anthranillic acid, valine
and methylalanine. L-Trp and L-histidine are the

precursors of the dioxopiperazines, oxaline (Nagel,
1976) and roquefortine (Gorst-Allman, 1982), meta-
bolites of Penicillium oxalicum and Penicillium
roqueforti, respectively. Roquefortine, a compound
which affects the central nervous system, is also
produced by Penicillium camemberti and is as such
a frequent contaminant of some cheeses.

Fumonisins

Fumonisins are water-soluble mycotoxins that
are produced by several species of Fusarium, but
primarily F. verticillioides and F. proliferatum. At
least 28 different FBs have been reported (Rheeder
et al., 2002). Three groups of FBs (A—C) have been
identified based on structural similarities. Groups A
and B are characterized by the presence of an amide
and amine group, respectively. Group C is similar
to the B-group, except for the absence of the methyl
group at the Cl-terminal (Cole et al., 2003). Of all
the FBs identified to date, the fumonisin B, (FB)),
fumonisin B2 (FB,) and fumonisin B3 (FB,) are the
most important. FB, usually constitute about 70% of
the total FBs content found in naturally contaminat-
ed foods and feeds. These molecules differ by
lacking one of the free hydroxyl groups at either
C-10 position (FB,) or C-5 (FB,). In addition, FBs
analogues have been identified in some processed
foods, following hydrolysis (e.g. nixtamalization)
or reaction with food components (sugar, starch and
proteins).

Zearalenone

Zearalenone (ZEA), 6-(10-hydroxy-6-oxo-
-trans--1-undecenyl)-B-resorcylic acid lactone; CAS
17924-92-4), is produced as a secondary metabo-
lite by a number of Fusarium species including
FE culmorum, F. graminearum (Hestbjerg et al.,
2002; Glenn, 2007), as well as F. equiseti and F.
crookwellense (Bennett and Klich, 2003). These
species are known to infest wheat, barley, rice, mai-
ze, and some other crops (Yamashita et al., 1995;
Jimenez and Mateo, 1997). Despite its non-steroi-
dal structure, ZEA activates estrogen receptors re-
sulting in functional and morphological alteration
in reproductive organs. ZEA interacts not only
with both types of estrogen receptors but is also a
substrate for hydroxysteroid dehydrogenases, which
convert it into two stereoisomeric metabolites, o-
zearalenol and [-zearalenol. A second reduction
step yields the two minor metabolites a-zearalanol
and P-zearalanol. Alpha-hydroxylation results in
an increase in estrogenic potency as compared
to the parent compound, and the species-specific
rate of alpha-hydroxylation may account for the
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susceptibility of certain animal species, including
pigs, towards ZEA exposure.

The topic of conjugated or masked mycotoxins
first caught attention in the mid-1980s because in
some cases of mycotoxicoses, clinical observations
in animals did not correlate with the low mycotoxin
content determined in the corresponding feed. The
unexpected high toxicity could, for instance be
attributed to the occurrence of undetected, conjugated
forms of mycotoxins that hydrolyze to the precursor
toxins in the digestive tracts of animals (Gareis,
1994). It was shown that plants can reduce the toxi-
city of mycotoxins either by chemical modification
and/or by inclusion into the plant matrix (Wallnéofer
et. al., 1996). This detoxification process includes
the conjugation of mycotoxins to polar substances
such as sugars, amino acids, or sulfate (Schneweis et.
al., 2002) and subsequent storage of the conjugates
in vacuoles. So far, the natural occurrence of a
zearalenone glucoside in wheat has been reported
(Langseth et. al., 1998). High-performance liquid
chromatography (HPLC) combined with tandem
mass spectrometry (MS/MS) offers a powerful tool
for identification and characterization of mycotoxin
conjugates (Berthiller et. al., 2005).

Mycotoxin exposure and effect on human and
animal health

A wide range of commodities can be conta-
minated with mycotoxins (Table 1) both pre- and
post-harvest. (CAST, 2003). Aflatoxins are found in
maize and peanuts as well as in tree nuts and dried
fruits. Ochratoxin A is found mainly in cereals, but
significant levels of contamination may also occur in
wine, coffee, spices and dried fruits. Fumonisins are
found mainly in maize and maize based products.
Tricothecenes are chiefly associated with grain, as is
zearalenone. Available evidence suggests that tissue
accumulation of mycotoxins, or their metabolites,
is very low and that residues are excreted in a few
days. The hydroxylated metabolite of aflatoxin B,
aflatoxin M, is excreted into milk from 1 to 6%
of dietary intake. (Van Egmond, 1989, Veldman,
1992) Ochratoxin A has been detected in blood,
kidneys, liver and muscle tissue from pigs in several
European countries. (Leistner, 1984, Van Egmond,
1994, Milicevi¢, 2008). Residues of cyclopiazonic
acid (CPA), a co-contaminant with aflatoxin, have
been found in meat, milk and eggs. (Bryden, 2001).
After an extensive review of the literature, Pestka
(1995) concluded that trace levels of mycotoxins
and their metabolites may carry over into the edible
tissue (meat) of food producing animals. However,
he concluded that to date there is no evidence to

suggest that the levels of transmitted mycotoxins
pose a threat of acute toxicity.

AFBI1 has been extensively linked to human
primary liver cancer (PLC) in which it acts sy-
nergistically with HBV infection and was classified
by the International Agency for Research on Cancer
(IARC) as a human carcinogen (group 1 carcinogen),
(IARC, 1993a). This combination represents a heavy
cancer burden in developing countries. A recent com-
parison of the estimated population risk between Ke-
nya and France highlighted the greater burden that
can be placed on developing countries (Shephard,
2006). Based on respective estimates for aflatoxin
exposure of 133 and 0.12 ng kg™!' body weight day!
and respective HBV prevalence of 25 and 1%, the
liver cancer risk would be 11 vs. 0.0015 cancers per
year per 100.000 population, respectively. Given
recently published liver cancer incidence rates in
the European Union of 10.0 per 100.000 for males
and 3.3 per 100.000 for females (Bray et al. 2002),
it is clear that aflatoxin plays a significant role in
liver cancer in developing countries, but not in the
developed world where other risk factors such as
cirrhosis are more important. Fumonisins have been
implicated in one incident of acute food-borne disea-
se in India in which the occurrence of borborygmy,
abdominal pain, and diarrhea was associated with
the consumption of maize and sorghum contaminat-
ed with high levels of fumonisins (Bhat et al. 1997).
Fumonisin B, the most abundant of the numerous
fumonisin analogues, was classified by the IARC
as a group 2B carcinogen (possibly carcinogenic
in humans), (/ARC, 2002). Studies in the former
Transkei region of South Africa and in Linxian
and Cixian counties, China, have demonstrated an
association between fumonisin exposure in rural
subsistence farming areas and a high incidence of
oesophageal cancer as well as with field outbreaks
of ELEM in many countries such as Egypt, South
Africa and the United States of America (Marasas,
1988) and pulmonary oedema in swine (Ross, 1990).
ELEM is a fatal neurological disease of horses,
characterized by liquefactive necrosis of the white
matter of the brain. ELEM has been experimentally
induced in horses by, either supplementing their
diets with F. moniliforme-contaminated corn, or
by the oral administration of fumonisin B, (FB,), a
toxin produced by F.moniliforme (Kellerman, 1990).
Fumonisins, which inhibit the uptake of folic acid via
the folate receptor (Stevens and Tang, 1997), have
also been implicated in the high incidence of neural
tube defects in rural populations known to consume
contaminated maize, such as the former Transkei
region of South Africa and areas of Northern China
(Marasas et al. 2004). The other three agriculturally
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important mycotoxins have also been associated
with various outbreaks of human disease, mostly in
developing countries. A number of occurrences of
acute food-borne illness in India and China involv-
ing gastrointestinal symptoms have been attributed
to the consumption of DON-contaminated cereals
(Luo, 1988; Bhat et al. 1989). OTA has long been
associated with Balkan endemic nephropathy (BEN),
a fatal renal disease with histopathological simila-
rities to OTA-induced nephropathy in swine and
has been associated with the incidence of epithelial
tumours of the upper urinary tract (Benford et al.
2001; Castegnaro et al. 2006). OTA was classified
by the IARC as possibly carcinogenic to humans
(group 2B carcinogen), (IARC, 1993b). ZON is a
naturally occurring endocrine-disrupting chemical
and has been associated with clinical manifestations
of hyper-oestrogenism in humans and animals, in-
cluding an outbreak of precocious pubertal changes
in young children in Puerto Rico in the Caribbean
(Saenz de Rodrigues et al. 1985) and gynecomastia
with testicular atrophy in rural males in southern
Africa (Campbell, 1991).

tained by monitoring food data since the latter may,
as stated, be affected by sampling, subsampling, and
analysis errors.

The role of sampling and analysis in
mycotoxin contamination

The correct evaluation of mycotoxin conta-
mination in foodstuffs depends principally on the
degree of accuracy associated with the single steps
by which this information is obtained. Because of the
highly heterogeneous distribution of mycotoxins in
a lot, taking a representative sample is the most criti-
cal stage. In Fig. 1 are presented the errors associat-
ed with sampling for Aflatoxins analysis (expressed
as a coefficient of variation). From this it can be seen
that the error associated with sampling procedures
is notably higher than that associated with subsampl-
ing or analysis.

The most prominent reason for collecting
food samples for the investigation of contaminants,
such as mycotoxins, is to protect consumer health,

Table 1. Some human diseases in which mycotoxins have been implicated
Tabela 1. Neka oboljenja ljudi povezana sa mikotoksinima

Disease Mycotoxin source

Fungus

Akakabio-byo
Alimentary toxic aleukia
Balkan nephropathy Cereal grains
Cardiac beriberi Rice

Celery harvester’s disease Celery (Pink rot)

Ergotism Rye, cereal grains
Hepatocarcinoma Cereal grains, peanuts
Kwashiorkor Cereal grains

Neural tube defects Maize

Oesophageal tumors Corn

Onyalai Millet

Reye’s syndrome

Stachybotryotoxicosis

Wheat, barley, oats, rice

Cereal grains (toxic bread)

Cereal grains (grain dust)

Cereal grains, (grain dust)

Fusarium spp.

Fusarium spp.

Penicillium spp.

Aspergillus spp., Penicillium spp.
Sclerontinia

Claviceps purpurea

Aspergillus flavus, A. parasiticus
Aspergillus flavus, A. parasiticus
Fusarium verticillioides, F.proliferatum
Fusarium verticilloides, F.proliferatum
Phoma sorghina

Aspergillus

Stachybotrys atra

The evaluation of mycotoxins in biological
fluids can provide useful indications of the dietary
intake of mycotoxins. This approach can also con-
stitute a valid, although indirect, evaluation of my-
cotoxin contamination in foodstuffs. This methodo-
logy, in fact, can somehow give a better estimate of
the exposure of humans to mycotoxins than that ob-

mainly verifying the compliance of food and feed
with acceptable safety standards. Sampling is one
of the most crucial, but underestimated parts of the
multifaceted and complex bulk of activities aimed
at addressing and managing food issues. In practice,
the overall objective of good sampling is to provide
reliable samples to be analyzed that can represent the
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Figure 1. Coefficient of variation characterizing
sampling, subsampling and analysis as a function
of Aflatoxins concentration
Slika 1. Koeficijent varijacije koji karakterise
uzorkovanje, poduzorkovanje i analizu u funkciji
koncentracije alfatoksina

basis for “fit for purpose” investigations. In most
cases, meaningful sampling is a process comprising
two very dissimilar steps:

(1) The first step (hereafter referred to as
“primary sampling’’) consists in taking the decision
on “why, where and when”’ to collect the samples. In
other words, the process of “statistically” locating
the sites (populations) from which food samples
should be taken;

(2) The second step (hereafter referred to as
“secondary sampling”’) consists of establishing
how samples should be collected in order to be re-
presentative of the lot under investigation. For both
steps the quality and the consequent reliability of
the data are strongly dependent on the available
resources and on the skill of the people involved.

For this class of contaminants, the need for
statistically-based planning is particularly relevant
for: (i) The multifaceted implications of mycotoxin
contamination (health, trade, ethical issues related to
developing countries’ difficulties), and (ii) the large-
ly inhomogeneous distribution of the toxins within
food commodities, with the consequent need for
careful secondary sampling. Appropriate sampling
plans are essential to ensure that the analytically-
-derived mean concentration of a sample is represen-
tative of the true mean concentration of a lot. Sam-
pling plans are particularly relevant in the area of
mycotoxins where it is known that the contamina-
tion of a commodity can be heterogeneously distri-

buted. Good primary sampling schemes have so far
been developed for several classes of contaminants,
such as dioxins and pesticides (South et al. 2004), in
contrast to the very few valid ones so far proposed
for mycotoxins. In contrast, a large number of
papers have appeared, related to secondary sam-
pling schemes for aflatoxin B, (particularly on
its distribution in a lot and on related sampling
plans), (Whitaker et al. 1979, 1994), but only a few
studies deal with some Fusarium toxins (Hart and
Schabenberger 1998; Whitaker et al. 1998; Whitaker
et al. 2000). Conversely, specific studies focused
on the distribution of OTA-contaminated units are
not yet available, apart from the vague assumption
that “‘representative sampling” for aflatoxins is
more difficult than sampling for other known myco-
toxins in food products. Sampling procedures re-
commended for aflatoxins should thus be adequate
for other mycotoxins (Dickens and Whitaker 1982).
Nevertheless, the European legislation dealing with
sampling and methods of analysis of mycotoxins for
official control was recently adopted (EC, 2006).

In conclusion, the analysis of sources of
errors in evaluating the impact of mycotoxins
on human health should be carefully performed
taking into account many aspects such as planning
and accomplishment of monitoring programs, con-
sumer’s health protection, economic, political and
commercial considerations.

Analysis

Legislation calls for monitoring methods. Re-
liable analytical methods must be available to enable
enforcement of the regulations in daily practice. In
addition to reliability, simplicity is desired, as it will
affect the amount of data generated and the practica-
lity of the ultimate measures taken. The reliability of
mycotoxin analysis data can be improved by use of
interlaboratory-validated methods of analysis (e.g.
the methods of AOAC International and methods
standardized by CEN). These methods have been
largely developed in response to planned regulations
for mycotoxins or regulations that came into force.
The requirements for these methods were dictated
by the needs, i.e. they had to be suitable for the (plan-
ned) regulated mycotoxin—matrix combination(s).
The limits of determination of the methods had to
be demonstrated to be low enough for precise and
accurate determination of the mycotoxins of interest
at regulatory levels. Methods were also developed
and validated for toxin—matrix combinations for
which there were no regulations (yet), but for
which the scientific community saw a need, e.g. for
surveillance purposes. These developments eased
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the establishment of specific mycotoxin regulations.
AOAC currently has approximately 45 analytical
methods for determination of mycotoxins (40AC,
2005). All have undergone extensive testing in in-
terlaboratory validation studies, and subsequent
review by the AOAC’s rigorous approval process.
AOAC methods are referred to as official methods
in mycotoxin legislation in a few dozen countries
(FAO, 2004). In Europe, CEN methods are becom-
ing increasingly important. Ten mycotoxin methods
have been standardized by the CEN, and this number
will grow substantially in the years to come. Altho-
ugh CEN mycotoxin methods are not mandatory for
official food control in the EU, all CEN mycotoxin
methods can be used in the EU for official food-con-
trol purposes because their performance characteris-
tics fulfill the criteria laid down in the EU regulation
for sampling and analysis (EC, 2006). One of them,
high performance liquid chromatography (HPLC)
with different detectors, is frequently used both for
routine analyses and as a confirmatory method for
novel or screening techniques. For some mycotoxins,
e.g. trichothecenes, gas chromatography (GC) is the
method more often used (Krska, 2001). Except for
direct mass spectrometric methods, all the other ana-
lytical methods used for mycotoxin determination
are, either immunoassay based, or otherwise fall into
the category of direct or indirect screening methods.
The use of good, validated methods of analysis is
no guarantee that reliable analytical results will be
obtained in mycotoxin determination. Analytical
quality assurance (AQA) is another prerequisite
for adequate food-law enforcement. AQA includes,
where possible, the use of (certified) reference
materials (e.g. CRMs supplied by the European
Commission’s Joint Research Centre/Institute for
Reference Materials and Measurements; JRC/
IRMM, see http://www. irmm.jrc.be).

Factors affecting the mycotoxin regulations

Regulations relating to mycotoxins have been
established in many countries to protect the consumer
from the harmful effects of these compounds. Dif-
ferent factors play a role in the decision-making
process of setting limits for mycotoxins. These
include:

— the availability of toxicological data on my-

cotoxins,

— the availability of exposure data on myco-

toxins,

— knowledge of the distribution of mycotox-

ins concentrations within commodity or
product lots,

— the availability of analytical methods,

— legislation in other countries with which

trade contacts exist,

— the need for sufficient food supply.

The first two factors provide the information
necessary for hazard assessment and exposure as-
sessment, respectively, the main bases of risk asses-
sment. Risk assessment is the scientific evaluation of
the probability of occurrence of known or potential
adverse health effects resulting from human exposu-
re to food-borne hazards. It is the primary scientific
basis for promulgation of regulations. The third
and fourth factors are important factors enabling
practical enforcement of mycotoxin regulations
through adequate sampling and analysis procedures.
The last two factors are merely socio-economic in
nature but are equally important in the decision-
making process to establish meaningful regulations
and limits for mycotoxins in food and feed. Risk
assessment regulations are primarily based on
known toxic effects. For the mycotoxins currently
considered most significant (aflatoxins B,, B,, G, and
G,; aflatoxin M ; ochratoxin A; patulin; fumonisins
B,, B, and B,; zearalenone; T-2 and HT-2 toxins;
and deoxynivalenol), the Joint Expert Committee
on Food Additives (JECFA—a scientific advisory
body of the World Health Organization WHO and
the Food and Agriculture Organization FAO has
evaluated their hazard in several sessions (WHO,
1999, 2000, 2002). In February 2001 a special
JECFA session was devoted to entirely mycotoxins.
Two reports have appeared on this session, a longer
version (FAO, 2001) and a shorter version (WHO,
2002). These reports provide good and detailed
insight into the process of risk assessment of my-
cotoxins. The reports addressed several concerns
about the mycotoxins considered—their properties
and metabolism, toxicological studies, and final
risk evaluation. With the mycotoxin evaluations
the Committee discussed general considerations
on sampling, analytical methods, associated intake
issues and control. Risks associated with mycotoxins
depend on both hazard and exposure. The hazard of
mycotoxins to individuals is probably, more or less,
the same all over the world (although other factors
are, sometimes, also important, e.g. hepatitis B virus
infection in relation to the hazard of aflatoxins).
Exposure is not the same, because of different levels
of contamination and dietary habits in various parts
of'the world. Risk analysis framework for food safety
is illustrated in Fig. 2.
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Figure 2. Risk analysis framework for food safety
Slika 2. Okvir analize rizika za bezbednost hrane

The international mycotoxin regulatory
situation

Since the discovery of the aflatoxins in 1960
and subsequent recognition that mycotoxins are of
significant health concern to both humans and ani-
mals, regulations gradually developed for mycotox-
ins in food and feed. In the early days of mycotoxin
regulations these measures focused mainly on the
aflatoxins. They were established by industrialized
countries and limits often had an advisory or guide-
line character. Over the years, the number of countri-
es with known specific mycotoxin regulations has
increased from 33 in 1981 (Schuller, 1983) to 56 in
1987 (Van Egmond, 1989), 77 in 1995 (FAO, 1997),
and 100 in 2003 (FAO0, 2004). Current regulations
encompass 13 different mycotoxins or groups of
mycotoxins and specific limits have been established
for many food and feed commodities and products.
Until the late 1990s setting of mycotoxin regulations
was mostly a national affair. Gradually, several
economic communities e.g. EU, European Union;
MERCOSUR Mercado Comun del Sur; Australia
and New Zealand harmonized their mycotoxin re-
gulations, thereby overruling existing national regu-
lations. Current regulations are increasingly based
on scientific opinions of authoritative bodies, for
example the FAO/WHO Joint Expert Committee
on Food Additives of the United Nations (JECFA)
and the European Food Safety Authority (EFSA). At

the same time, requirements for adequate sampling
and analytical methods put high demands on other
professional organizations, for example AOAC Inter-
national and the European Standardization Com-
mittee (CEN).

Economic impact

Mycotoxin contamination of the food chain has
a major economic impact. However, the insidious
nature of many mycotoxicoses makes it difficult to
estimate incidence and cost (CAST, 1989). In addition
to crop losses and reduced animal productivity, costs
are derived from the efforts made by producers and
distributors to counteract their initial loss, the cost of
improved technologies for production, storage and
transport, the cost of analytical testing, especially
as detection or regulations become more stringent,
and the development of sampling plans (Whitaker,
1995). There is also a considerable cost to society as
a whole, in terms of monitoring; extra handling and
distribution costs, increased processing costs and
loss of consumer confidence in the safety of food
products. It is estimated that in developing countries,
the greatest economic impact is associated with hu-
man health. (Miller;1998). Delineating economic
impact reflects the complexity of a mycotoxin
contamination within the food chain. There is a clear
need to protect consumers through regulations but
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at what cost? A comprehensive risk and economic
analysis of lowering the acceptable levels for fu-
monisins and aflatoxin in world trade demonstrated
that the United States would experience significant
economic losses from tighter controls (Wu, 2004).
The developing countries, China and Argentina, were
more likely to experience greater economic losses
than sub-Sahara Africa. The disturbing outcome of
this detailed analysis was that tighter controls were
unlikely to decrease health risks and may have the
opposite effect (Wu, 2004). In other words, very
stringent international trade regulations could lead
to the situation where exporting countries, especially
developing countries, would retain higher risk com-
modities which would subsequently be available
for their own populations; communities which are
already exposed to higher levels of mycotoxins than
consumers in developed countries.

Strategies to Prevent Mycotoxin
Contamination of Food and Animal Feed

Many strategies to prevent mycotoxin conta-
mination of food and animal feed have been deve-
loped (Rustom, 1997; Yilmaz, 2001). It is clear that
mycotoxins can contaminate agricultural produce,
both in the field as well as during storage. The use
of pre-harvest control strategies for such resistance
varieties, field management, the use of biological
and chemical agents, harvest management and post-
harvest applications, including improving drying
and storage conditions, together with the use of
natural and chemical agents and irradiation have
clearly been shown to be important in the prevention
of mycotoxigenic mould growth and mycotoxin
formation (CAC, 2002). The importance of drying
and moisture control during storage is generally
well understood by the industry, in terms of the im-
portance of prevention of fungal contamination. In-
teresting results have been reported on the potential
use of biocompetitive agents in different biological
control strategies to prevent the pre-harvest aflatoxin
contamination of crops, such as peanuts, rice, maize,
and cottonseed. It is clear that much more work must
be conducted to identify various crop genotypes
which are resistant to mycotoxigenic fungus infecti-
on and subsequently mycotoxin formation. It is also
clear that a combination of the development of
crop species with resistance to toxigenic fungi and
biocompetitive non-mycotoxigenic strain techno-
logies may yield one of the most effective strategies
for prevention of mycotoxin contamination (Gen-
dloff, 1986; Reid, 1994). Several natural plant extract
and spice oils of eugenol, cinnamon, oregano, oni-

ons, lemongrass, (Yin, 1998, Juglal, 2002) tumeric,
mint, and chemical compounds (fungicide, herbi-
cide, and surfectant) are known to prevent both
mycotoxigenic mould growth and mycotoxin for-
mation during post-harvest season. In addition to
application of plant extracts and chemical agents as
well as antagonistic microorganisms, such as lactic
acid bacteria with their antifungal properties, seem
to be potentially very effective in the prevention
of mycotoxin formation. The precise antifungal
properties of lactic acid bacteria are still largely
unresolved but may involve microbial competition
(El-Gendy, 1981), as well as extracellular metaboli-
tes which are heat-stable and of low molecular
weight. Again, further investigations are clearly ne-
eded to gain a better understanding of this antifungal
action. Various physical and chemical strategies
have also been developed to help prevent mycotoxin
contamination, including physical separation, extra-
ction with sorbents, and adsorption (Sinha, 1998).
The fluorescence sorting of maize, cottonseed and
figs by examination under UV light is known to
be the cheapest and the simplest acceptable way
for the screening of aflatoxins. It is clear that no
single currently available physical or chemical de-
toxification method will be suitable for all foods
and animal feeds. The effectiveness of a method
in the detoxification of mycotoxins depends on the
nature of the food, environmental conditions such as
moisture content, temperature, as well as the type of
mycotoxin, its concentration and the extent of bind-
ing between mycotoxin and constituents. While a
range of chemical compounds, including hydrochlo-
ric acid, ammonia, hydrogen peroxide, O,, sodium
bisulfite, and chlorine seem to hold great potential
in the detoxification of mycotoxins, unfortunately
their use significantly decreases the nutritional value
of the foods or produces toxic derivatives in the
treated product with undesirable sensory properties.
This will severely limit their widespread use. At the
same time it should be noted that chemical treatment
is not allowed within the EC for commodities de-
stined for human consumption. Recently, there has
been an increasing interest in the use of bacteria,
yeast, and fungi to help reduce the toxic effect of
mycotoxins (Bata, 1999). While most studies to date
on mycotoxin detoxification by microorganisms
have been undertaken under laboratory conditions,
there is data on the effective use of F. aurantiacum
in the detoxifying AFB, from various food products,
including milk, peanuts, maize, and red pepper
without leaving toxic end products. One potential
drawback here is the production of a bright orange
pigment by the organism which restricts its use in
the detoxification of food and in feed fermentations.
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The most recent approach to the problem has been
the use of mycotoxin-binding agents in the diet
that sequester the mycotoxin in the gastrointestinal
tract thus reducing their bioavailability. Although
AC, HSCAS, aluminosilicate, zeolite, and bentonite
have shown good potential for use in the animal
feed to help overcome aflatoxicosis, the future in
vivo investigations must focus on other problematic
mycotoxins. Interestingly lactic acid bacteria and
bifidobacteria have been shown to bind AFBI, but
mechanistic studies need to be conducted on the
precise binding mechanism, while the conditions
favoring the release of bound toxin molecules need
to be investigated as well.

Concluding comments

Mycotoxins are a food safety risk globally.
International risk assessments have been performed
by JECFA (1998, 2001) for aflatoxin B,, aflatoxin
M,, DON, fumonisins, ochratoxin A, T-2 toxin and
HT-2 toxin. These analyses indicate that health
risks from mycotoxins are generally orders of
magnitude lower in developed countries that for
populations from developing regions. The scope
of the mycotoxin problem is readily understood
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PREVALENCE AND RESISTANCE AGAINST
DIFFERENT ANTIMICROBIAL COMPOUNDS

OF Camppylobacter spp. INFROM RETAIL POULTRY
MEAT?*

Smole-Mozina Sonja, Kurincic Marija, Kramar Ana, Ursic¢ Simona, Katalini¢ Visnja

A b stract The increasing antimicrobial resistance rates of microorganisms is an urgent world-wide problem,
especially microbial multidrug resistance phenotypes, dispersed also among food-related bacteria. A case study could be the
resistance of campylobacters, usually transmitted in the food chain by contaminated poultry meat. We tested the resistance of
Campylobacter chicken meat isolates against a) selected antibiotics used in human and veterinary medicine - erythromycin,
ciprofloxacin, tetracycline, b) selected disinfectants used in food processing - benzalkonium chloride (BC), chlorhexidine
diacetate (CHA), cetylpyridinium chloride (CPC) and c) alternative group of antimicrobial compounds - phenolic extracts
from grape skins of different grape varieties. Campylobacter was isolated from retail chicken meat samples by standard (ISO
10272) isolation procedure. Beside classical phenotyping methods of species identification and resistotyping, polymerase chain
reaction (PCR) and/or restriction fragment lenght polymorphisms of specific amplicons (PCR-RFLPs) were used for species
identification and determination of mutations in target genes. Antibiotic resistance phenotypes were studied by disk diffusion,
agar dilution and broth microdilution method with CellTiter-Blue® reagent and automated fluorescence signal detection. The
resistance to disinfectants and phenolic extracts was tested by broth microdilution method and expressed as minimal inhibitory
concentrations (MICs). The involvement of efflux pumps in antibiotic and disinfectant resistance was assessed by measurements
of MICs with and without addition of chemical efflux pump inhibitors, phenylalanine-arginine 3-naphthylamide (PASN) and I-
(1-naphthylmethyl)-piperazine (NMP) and by testing Campylobacter jejuni cmeB mutant strain. High prevalence of antibiotic
resistant strains was found among chicken meat isolates. Regarding ciprofloxacin, 66.5 % of tested strains were found resistant,
including C. jejuni and C. coli strains, but resistance to erythromycin was much more frequent among C. coli isolates (34.5 %,
but 13.9 % in average among 158 tested isolates. Tetracycline resistance was relatively rare, but multidrug resistant strains
were found. No significant difference in biocide susceptibility between antibiotic resistant and sensitive Campylobacter isolates
was confirmed. Finally, the results of initial screening of susceptibility of Campylobacter meat isolates against grape skin
phenolic extracts tested are promising for further study of such antimicrobial compounds (or their mixtures) for potential use
in assuring safety of poultry meat and other products.

Key words: food safety, poultry meat, Campylobacter, antibiotic resistance, disinfectant resistance, phenolic extracts

Zastupljenost Campylobacter spp i rezistencija na razli¢ita antimikrobna jedinjenja u
Zivinskom mesu iz prometa

Sadrzaj: povecani nalaz antimikrobne rezistencije kod mikroorganizama je rasprostranjen svetski problem, narocito
rezistencija fenotipova mikroorganizama na vise antimikrobnih lekova koja se javija i kod bakterija hrane. Jedna od studija
mogla bi da bude rezistencija Campylobacter mikroorganizama koja se prenosi putem lanca hrane preko kontaminiranog
zZivinskog mesa. Ispitivali smo rezistenciju izolata Campylobacter vrsta iz pileceg mesa na: a) odabrane antibiotike koji se
koriste u humanoj i veterinarskoj medicini — eritromicin, ciprofloksacin, tetraciklin, b) odabrane dezinficijense koji se koriste
u preradi hrane — benzalkonijum hlorid (BC), hlorheksidin diacetat (CHA), cetilpiridin hlorid (CPC) i ¢) alternativnu grupu
antimikrobnih jedinjenja — fenolne ekstrakte iz koZice razlicitih vrsta grozda. Campylobacter je izolovan iz uzoraka pileceg
mesa iz prometa standardnom metodom (ISO 10272). Pored klasicnih metoda identifikacije vrsta, fenotipizacije i tipizacije
rezistencije, za identifikaciju i utvrdivanje mutacija selektovanih gena koriscene su PCR i/ili PCR-RFLP metoda specificnih
amplikona. Fenotipovi koji pokazuju antimikrobnu rezistenciju su proucavani metodama disk difuzije, agar dilucije i bujon
mikrodilucije sa CellTiter-Blue reagensom i automatskom detekcijom fluorescentnog signala. Rezistencija na dezinficijense
i fenolne ekstrakte je ispitivana koriséenjem bujon mikrodilucije i izrazena je kroz minimalne inhibitorne koncentracije
(MIC). Uloga efluks pumpi kod rezistencije na antibiotike i dezinficijense je ispitivana merenjem MIC, sa i bez dodavanja
hemijskih inhibitora efluks pumpi kao Sto su fenilalanin-arginin, B-naftilamid (PABN) i 1-(1-naftilmetil)-piperazin (NMP), kao

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari
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i ispitivanje cmeB mutiranog soja Campylobacter jejuni. Medu izolatima pileceg mesa utvrden je veliki broj sojeva rezistentnih
na antibiotike. 66.5% ispitivanih sojeva su pokazali rezistenciju na ciprofloksacin, ukljucujuci C. Jejuni i C. Coli dok je re-
zistencija na eritromicin bila zastupljenija kod izolata (34.5%, ali prosecno 13.9% od 158 ispitivanih izolata). Rezistencija
na tetraciklin je bila relativno retka, ali su pronadeni sojevi sa multiplom rezistencijom. Nije potvrdena znacajna razlika u
prijemcivosti na biocide iznmedu rezistentnih i osetljivih izolata Campylobacter vrsta. Konacno, rezultati inicijalnog skrininga
prijemcivosti mesnih izolata Campylobacter vrsta na fenolne ekstrakte iz koZice grozda su obecavajuci za izvodenje daljih
studija ovih antimikrobnih jedinjenja (ili njihovih smesa) i ispitivanje mogucnosti njihove upotrebe u osiguranju bezbednosti

Zivinskog mesa i drugih proizvoda.

Kljuéne reli: bezbednost hrane, Zivinsko meso, Campylobacter, antimikrobna rezistencija, rezistencija na dezinficijense,

fenolni ekstrakti

Introduction

Thermotolerant campylobacters as gram-ne-
gative, non-sporeforming microaerophilic microor-
ganisms are currently recognized as theleading
cause of foodborne illnesses in many developed
countries worldwide (Tauxe, 2002; EFSA, 2006;
2008). Identified by case-control studies, the major
route of infection in humans is thought to be the
consumption of undercooked, contaminated broiler
chicken meat, because of the high prevalence of
contamination of chicken carcasses with Campy-
lobacter and the frequency of poultry consumption.
Foodborne exposure is frequent also via cross-
-contamination during preparation of meat and/or
other food. Although most reports based on mole-
cular typing have shown a major contribution of
chicken meat to human Campylobacter infections
(Zorman et al., 2006), there is still much unknown
in epidemiology of campylobacters. Since most
infections occur sporadically, the sources usually
remain unidentified.

Additional problem to frequent contamination
of some food types and water is the emergence
and spread of antimicrobial resistance among cam-
pylobacters from different sources, including mul-
tidrug resistant isolates. Macrolides, fluoroquinolo-
nes and tetracyclines are the most commonly used
antimicrobial agents for the treatment of severe
human Campylobacter infections, as well as for vete-
rinary purposes including treatment of food animals.
The prevalence of resistant Campylobacter strains
is increasing worldwide and is becoming a major
concern for public health (Moore et al., 2006).

The mechanisms of macrolide and fluoroqui-
nolone resistance in Camyplobacter spp. have been
described recently (Gibreel et al., 2005; Moore
et al., 2006). Mutations in target genes and efflux
pumps activity are both important. For example,
mutations in domain V of the 23S rRNA gene at
positions 2074 and 2075 have been attributed to
high-level erythromycin resistance (Vacher et al.,
2003; Payot et al., 2004). The presence of tetO gene
contributes to tetracycline resistance. In addition,
recent studies demonstrated the involvement of

CmeABC efflux pump in both intrinsic and acquired
resistance to erythromycin in C. jejuni and C. coli,
mostly by the use of the efflux pump inhibitor (EPI),
phenylalanine-arginine B-naphthylamide (PABN)
(Payot et al., 2004; Mamelli et al., 2005; Gibreel et
al., 2007; Kurincic et al., 2007).

In comparison to antibiotic resistance, Cam-
pylobacter resistance to biocides has been described
more recently and much less studied. In contrast to
antibiotics and bacterial resistance to antibiotics,
resistance to disinfectants is thought unlikely to
occur because most disinfectants are complexes of
antimicrobials that inactivate several target sites
in bacterial cells (McDonnell and Russell, 1999;
Russell, 2002). Due to multiplicity of cellular targets,
bacterial biocide resistance results from changes
of envelope permeability or enhanced biocide
efflux (Poole, 2002). Antimicrobial resistance in
Campylobacter may be mediated by different resi-
stance-nodulation-cell division (RND) efflux or
non-RND efflux pumps, which could be involved
in the extrusion of toxic compounds (Pumbwe et
al., 2005). The involvement of efflux mechanisms
in bacterial resistance is mostly studied by the use
of efflux pump inhibitors (EPIs) like phenylalanine-
arginine beta-naphthylamide (PABN) and 1-(1-na-
phthylmethyl)-piperazine (NMP) which enhance
drug accumulation inside the bacterial cell, thereby
increasing bacterial susceptibility to antimicrobials
(Marquez, 2005). Those studies can be confirmed
by using mutants lacking functional genes of efflux
pump proteins (Lin et al., 2002). A possible linkage
of biocide and antibiotic resistance in different ente-
ric bacteria via efflux related mechanisms has been
recently reported (Thorrold et al., 2007; Karatzas et
al., 2007; 2008).

Because of the increasing problem of antimi-
crobial resistance of bacteria in general and in the
food chain, many different types of alternative bio-
active compounds have been screened recently for
their potential antibacterial effects. Among others,
phenolic extracts from different plant materials gave
promising results (Cowan, 1999; Moreno et al,
2006).
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We studied the prevalence of thermotolerant
Campylobacter spp. in retail poultry meat samples
and included the isolates of Campylobacter jejuni
and C. coli in further testing of their antimicrobial re-
sistance and the mechanisms involved in resistance.
In this study, erythromycin, ciprofloxacin, tetracycli-
ne as well as benzalkonium chloride, chlorhexidine
diacetate and cetylpyridinium chloride resistance is
presented and discussed. In addition, an alternative
group of antimicrobial compounds - phenolic grape
skin extracts of fourteen Vitis vinifera varieties
grown in Dalmatia (Croatia) have been screened for
antimicrobial activity against selected multiresistant
chicken meat isolate.

Materials and methods

Isolation of bacterial strains from poultry meat
and species identification

A hundred and fifty eight (158) samples of
chicken meat from different suppliers on Slovenian
market were investigated with the ISO 10272 gui-
deline for the presence of thermotolerant campy-
lobacters in the periods 2002-2003 and 2008-2009.
A hundred and eighteen (118) strains isolated in the
first period were long-term stored at —80°C in culture
collection ZIM, BF, Ljubljana, for further studies.

C. jejuni and C. coli were identified by standard
phenotyping (ISO) methods and polymerase chain
reaction (PCR) procedures with amplification of
hippuricase gene in C. jejuni and aspartokinase gene
in C. coli in multiplex PCR as well as with the genus
specific primers, as described previously (Zorman
and Smole Mozina, 2002). Additionally, the identity
of most chicken meat isolates from the period 2002-
2003 was confirmed by PFGE typing using Smal
restriction endonuclease and CHEF mapper XA
System (Bio-Rad) (Zorman et al., 2006).

Determination of antibiotic and disinfectant
resistance and mechanisms involved

Antimicrobial resistance testing was first per-
formed using disc diffusion method as described
previously (Kurincic et al., 2005). Minimal inhibito-
ry concentrations (MICs) of ciprofloxacin (Fluka
Biochemika), erythromycin and tetracycline (both
from Sigma-Aldrich) were determined by E-test as
well as with broth microdilution method (Kurincic
et al., 2007). CellTiter-Blue® reagent and automated
fluorescence signal detection by a microplate reader
(Tecan, Mannedorf/Zurich, Switzerland) were used.
Mutations in bacterial target genes (23S rRNA, tetO)
were studied by PCR-RFLP and PCR, as described
previously (Kurincic et al., 2007). The resistance of

selected 25 strains was tested against benzalkonium
chloride (BC), chlorhexidine diacetate (CHA) and
cetylpyridinium chloride (CPC), (Sigma-Aldrich,
Saint Luis, USA) with broth microdilution method
on the same principle as described for antibiotic
resistance testing. The involvement of efflux pumps
in antibiotic and biocide resistance mechanisms
were evaluated by measurements of antimicrobial
MICs values with or without chemical efflux pump
inhibitors, phenylalanine-arginine B-naphthylamide
(PABN), (Sigma-Aldrich Saint Louis, USA) or 1-(1-
naphthylmethyl)-piperazine (NMP), (Chess GmbH,
Mannheim, Germany) as described by Kurincic et
al. (2007). For this purpose, the Miiller Hinton (MH)
broth was supplemented with PABN (20 pg/mL) or
NMP (80 pg/mL). Two independent experiments
were conducted to confirm the reproducibility of MIC
data and the ATCC 33559 and ATCC 33560 strains
were included as quality control strains. Additionaly,
another strategy was used to study the mechanisms
of resistance. We determined MIC values of selected
antibiotics and disinfectants also for Campylobacter
jejuni NCTC 11168 and its cmeB mutant strain,
kindly provided by dr. Payot (Institut National de
la Recherche Agronomique, UR086 BioAgresseurs,
Santé, Environnment, Nauzilly, France).

Determination of antimicrobial activity of
phenolic grape skin extracts

Phenolic extracts of native or introduced* gra-
pe varieties (White: Debit, Kué¢, Kujundzusa, Mara-
Stina, Medna, Rkaciteli*, Zlatarica; Red: Babi¢, La-
sin, Merlot*, Plavina, Rudezusa, Trnjak, Vranac*)
were extracted from homogenized grape skins
using conventional solvent extraction procedure.
They were characterized with determination of to-
tal phenols (TPC), total flavonoids (TFLO), total
flavanols (TFA) and total anthocyanins (TA), HPLC
analysis of phenolic compounds and with different
procedures for antioxidant activity as described by
Katalini¢ et al. (2009). Determination of the minimum
inhibitory concentration (MIC) of fourteen different
extracts was performed for selected multiresistant
poultry meat isolate C. coli 137 and two susceptible
reference strains, Campylobacter coli ATCC 33559
and Staphylococcus aureus ATCC 25923, with
broth microdilution method by a Microplate Reader
(Tecan, Mannedorf/Zurich, Switzerland) as describ-
ed by Klancnik et al. (2009a). Minimum inhibitory
concentrations (MICs) of tested phenolic extracts
are expressed in mg of gallic acid equivalents (GAE)
per mL of growth medium (Katalini¢ et al., 2009).
All measurements of MIC values were repeated
three times and the most representative values were
used.
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Results and discussion

Isolation and identification of thermotolerant
Campylobacter spp. from chicken meat

In total, 86.7% (137/158) of Slovene fresh
retail chicken meat samples were found positive
for thermotolerant campylobacters. The rate has
not changed significantly during the six-year period
(90.0% of tested samples were found positive in the
years 2002-2003 and 84.7% in the years 2008-2009).
Such results indicate the high extent of chicken meat
contamination with campylobacters on retail market
in Slovenia. Similar observations were reported from
other European countries like Italy, France, Great
Britain and Poland (Pezzoti in sod., 2003; Meldrum
in Wilson, 2007, Mackiw in sod., 2008), while reports
from Scandinavian countries show much lower
contamination level (NORM/NORM-VET, 2006;
EFSA, 2007). The prevalence of thermotolerant
Campylobacter in retail poultry meat in reports of
official monitorings of food safety in Slovenia in recent
years is constantly increasing. In the years 2006 and
2007, the officially tested poultry meat samples were
found positive for thermotolerant campylobacters in
59.0 and 67.1%, respectively (EFSA4, 2009).

A hundred and twelve (112) chicken meat
isolates collected in 2002-2003 have survived long-
-term freezing and were included in PCR species
identification. We found high proportion of C. coli
among thermotolerant campylobacters from chicken
meat (64/112), not reported from other European
countries, except in some Balkan countries (Uzuno-
vié-Kamberovié¢ et al, 2007). This unusual result of
classical and molecular identification of strains with
species specific PCR primers was confirmed also by
molecular typing of strains with macrorestriction
analysis with Smal and PFGE typing (Zorman et
al., 2006). However, in recently tested chicken meat
samples C. jejuni was much more frequently isolated
than C. coli (Table 1).

Antimicrobial resistance and mechanisms
involved in Campylobacter chicken meat isolates

We tested the occurence of antimicrobial re-
sistance to ciprofloxacin and erythromycin among
158 chicken meat isolates and tetracycline resistance
among 61 isolates identified as C. jejuni or C. coli.
Resistance to ciprofloxacin was most frequent
(66.5%) and almost equally distributed among C.
jejuni and C. coli isolates (Table 1). In our previous
report, including the chicken meat isolates from
the years 2002-2003, the rate of resistant C. jejuni
isolates was only 38.5% (Kurin¢ic et al., 2005), but
among isolates from the period 2008-2009, 74.6%
of C. jejuni isolates were resistant to ciprofloxacin.

This indicates still increasing rate of ciprofloxacin
resistance. The prevalence of erythromycin resi-
stance was much lower, but in fact very high, in
comparison with the reports from some other Euro-
pean countries, USA or Canada (EFSA, 2007; Gy-
les, 2008). A significant difference in resistance
rates was found among C. jejuni and C. coli isolates.
Similarly, in food producing animals, the prevalence
of erythromycin resistance is generally reported to
be higher in C. coli than in C. jejuni, particularly
among C. coli isolates from swine (Belanger and
Shryock, 2007). In our study three groups of strains
were observed concerning erythromycin resistance:
susceptible with MICs, from 0,25 to 2 ug/mL, low-
level resistant (LLR) with MICs, from 4 to 16 pg/
mL, and high-level resistant (HLR) with MICs,
higher than 32 pg/mL.

PCR-RFLP procedure has been used to test the
presence of the A2075G mutation in the 23S rRNA
gene. Seven HLR C. coli strains exhibited the A2075G
mutation. Conversely, the A2075G mutation was
not identified in any of LLR and susceptible strains.
Other studies have also indicated that the mutation
at position 2075 is usually responsible for high-level
erythromycin resistance (Payot et al., 2004; Mamelli
et al., 2005; Gibreel et al., 2005). Interestingly, no
A2075G mutation was identified in one HLR C. coli
isolate originated from chicken meat.

Eight, out of 61 isolates from retail chicken
meat samples (13.1%), were found resistant to
tetracycline. PCR procedure confirmed the presence
of tetO gene in all tetracycline resistant strains. No
strains susceptible to tetracycline were found to
have tetO. This is in agreement with other reports,
but much more prevalent resistant strains have
been found in different countries and from different
sources, including farm animal isolates (Alfredson
and Korolik,2007; Mazi et al., 2008; Uzunovi¢-Kam-
berovié et al., 2007; 2009).

Our recent study of antibiotic resistance of
Campylobacter isolates from animals, food and
environmental sources (surface and drinking water)
and different geographical regions also revealed
interesting differences in resistance patterns of
strains from different sources. For comparison with
Slovene chicken meat isolates (Table 1), Table 2
includes strains from different sources and two
different geographical regions. Beside Slovene
samples, animal, food, environmental (water) and
human clinical Campylobacter isolates from Zenica-
Doboj canton, collected during two bilateral research
projects in the years 2002-2007, are included.
Comparison of these results with our recent testing
of antibiotic resistance of chicken meat isolates
reveals again the increasing rate of ciprofloxacin
resistant isolates.
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Table 1. Frequency of isolation of Campylobacter jejuni and C. coli from retail chicken meat samples and
percentage (resistant/tested,%) of resistant isolates against erythromycin, ciprofloxacin and tetracycline
Tabela 1. Ucestalost izolovanja Campylobacter jejuni i C. coli iz uzoraka pile¢eg mesa iz prometa i procenat
(rezistentnih/ispitanih,%) rezistentnih izolata na eritromicin, cipoflokacin i tetraciklin

Species isolated
from retail
chicken meat

Frequency of
isolation

Erythromycin -R

Ciprofloxacin -R Tetracycline -R

C. coli 65 (33.5%) 10/29 34.5% 18/30 60.0% 4/28 14.3%
C. jejuni 129 (66.5%) 12/129 9.3% 87/128 68.0% 4/33 12.1%
> 194 (100%) 22/158 13.9% | 105/158 66.5% 8/61 13.1%

Table 2. Percentage (%) of resistant strains of C. jejuni and C. coli against erythromycin, ciprofloxacin
and tetracycline among the isolates from farm animals, retail chicken meat, surface and drinking water and
human clinical samples, collected in the period 2002-2007 in Slovenia and Zanica-Doboj canton
(taken from Kurincic et al., 2009).

Tabela 2. Procenat (%) rezistentnih sojeva C. jejuni i C. coli na eritromicin, cipofloksacin i tetraciklin u
izolatima sa farmskih Zivotinja, pileeg mesa iz prometa, sa povrsina, iz pijace vode i iz humanih klinickih
uzoraka sakupljenih u periodu od 2002-2007. u Sloveniji u kantonu Zanica-Doboj
(preuzeto Kurincic i sar., 2009).

Source and number Farm animal Chicken meat Water Human clinical
of tested isolates (n=15) (n=112) (n=50) isolates
Antimicrobial agent (n=179)
Erythromycin -R (%) 38.5 21.4 44.0 10.6
Ciprofloxacin -R (%) 30.8 438 26.0 31.8
Tetracycline - R (%) 61.5 18.8 6.0 6.8

Concerning possible cross-resistance we se-
lected twenty five chicken meat isolates and referen-
ce strains C. jejuni ATCC 33560 and C. coli 33559
to be tested for their resistance against three antibio-
tics (erythromycin, ciprofloxacin, tetracycline) and
three disinfectants (benzalkonium chloride (BC),
cetylpyridinium chloride (CPC), chlorhexidine di-
acetate (CHA). For presentation, the results for
sixteen thermotolerant Campylobacter chicken meat
isolates are included in Table 3.

Strains susceptible and resistant to antibiotics
(also multidrug resistant strains like C. coli 137, C.
coli 140, and C. coli 171, Table 3) were tested. Two
different BC and CPC resistance phenotypes were
observed and classified, as described previously
for Listeria monocytogenes (Aase et al., 2000).
Irrispective of antibiotic resistance, all chicken meat
isolates were sensitive to BC at concentration 1 pg/
ml, or below, and were considered as BC sensitive,
but three (12%) of the isolates were considered CPC
resistant (MIC 4 pug/mL). Most of the strains were
sensitive to CHA concentration 1 pg/ml or below,
but four strains were tolerant to CHA concentration
2 ug/ml. However, no significant difference in
biocide susceptibility between antibiotic resistant

and sensitive C. coli and C. jejuni isolates was fo-
und. The isolates from the same meat samples
usually shared the same resistotype (like strains 53/1
and 53/4 in Table 3).

With the aim to study the mechanisms invol-
ved, the resistance of isolates to antibiotics and di-
sinfectants was studied in the absence and presence
of efflux pumps inhibitors (EPIs), PABN and NMP.
Both EPIs increased erythromycin susceptibility
significantly, wherein PABN had greater effect than
NMP, although both affected the main efflux pump,
CmeABC, in Campylobacter cells. Both EPIs had
much greater effect in C. coli than in C. jejuni. The
results confirm that efflux mechanism mediated by
efflux pumps plays an active role in resistance to
erythromycin in Campylobacter. The presence of
efflux pumps activity in HLR isolates with 23 rRNA
mutations suggests that the synergistic activity
of these two drug resistance mechanisms exist in
Campylobacter. BC susceptibility was significantly
increased by both EPIs. There was no significant
difference between NMP and PABN effect on
BC susceptibility. The smaller effect of EPIs was
observed when used in the presence of ciprofloxacin,
tetracycline, CHA and CPC (data not shown).
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Table 3. Antimicrobial activity (expressed as MICs , pg/mL) of antibiotics (erythromycin, ERI, tetracycline,
TET, ciprofloxacin, CIP), and disinfectants (benzalkonium chloride, BC), cetylpyridinium chloride (CPC),
chlorhexidine diacetate (CHA)) against reference strains and sixteen thermotolerant Campylobacter chicken
meat isolates
Tabela 3. Antimikrobna aktivnost (izrazena kao MICs, pg/mL) antibiotika (eritromicin, ERI), tetraciklin,
TET, ciprofloksacin, CIP) i dezinficijenasa (benzaalkonijum hlorid, BC), cetilapiridin hlorid (CPC),
hlordexin diacetat (CHA) na referentne sojeve i 16 termotolerantnih izolata Campylobacter iz pile¢eg mesa

Species Strain ERI TET CIp BC CPC CHA
C. coli ATCC 33559 2 0.25 0.063 0.125 2 1
C. jejuni ATCC 33560 0.5 1 0.125 <0.016 0.125 0.5
C. jejuni 203 0.5 1 0.125 0.25 2 1
C. jejuni K29/3 0.25 0.5 0.063 0.5 4 2
C. jejuni K45/4 0.5 0.5 8 0.063 4 1
C. jejuni K49/4 0.5 0.125 0.063 1 2 0.125
C. spp. K31/2 2 0.5 8 0.25 1 2
C. spp. K37/4 128 0.5 0.25 0.25 2 0.5
C. spp. K40/2 0.25 1 8 0.125 2 1
C. coli 128 0.25 0.25 32 0.25 4 1
C. coli 137 > 512 256 16 1 1 0.25
C. coli 140 512 128 16 0.063 1 0.25
C. coli 171 512 32 16 1 0.5 0.125
C. coli K31/4 1 0.5 8 0.125 1 2
C. coli K32/3 2 128 16 0.25 2 0.5
C. coli K39/3 1 1 64 0.125 1 2
C. coli K53/1 1 128 16 0.063 0.5 0.5
C. coli K53/4 1 128 16 0.063 0.5 0.5

In the study of efflux involvement in antibiotic
and disinfectant resistance of Campylobacter strains,
the reference strain C. jejuni NCTC 11168 and its
cmeB mutant were also assessed - by using the EPIs
PABN and NMP. Both inhibitors, PABN and NMP,
increased the susceptibility of the wild-type strain
to erythromycin by 4-fold. Additionally, PABN was
also able to reduce the MIC of ciprofloxacin, BC,
CPC and CHA by 2-fold. In case of tetracycline,
no effect of the inhibitors was observed. Insertional
inactivation of cmeB gene increased the susceptibili-
ty to antibiotics erythromycin, ciprofloxacin and
tetracycline by 8-fold, 4-fold, 8-fold, respectively,
and to disinfectant BC by 4-fold. Additionally,
both inhibitors were also able to reduce the MIC of
ciprofloxacin and all disinfectants tested by at least
2-fold in cmeB mutant, suggesting that resistance
mechanisms are very complex and another efflux
pump(s) are involved in Campylobacter jejuni re-
sistance to these antimicrobials.

Antimicrobial activity of phenolic grape skin
extracts against antibiotic resistant chicken meat
isolate

In our recent studies of antimicrobial activity
of phenolic extracts from different plant sources
(Klancnik et al., 2009a,b;) we got an evidence that
campylobacters, although gram-negative organisms,
could be quite sensitive to different phenolic com-
pounds or their mixtures (Katalini¢ et al., 2009). For
this reason we tested also the extracts from grape skins
of white and red cultivars against different antibiotic
resistant chicken meatisolates. The results for the strain
C. coli 137 (MDR meat isolate, see Table 3) and two
antibiotic susceptible reference strains Campylobacter
coli ATCC 33559 and Staphylococcus aureus ATCC
25923 are collected in Table 4. Staphylococci are
known as susceptible microorganisms to different
antimicrobials and thus usually used as reference
material in screening tests of antimicrobial activity of
new compounds, so they were used for comparison
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also in these experiments. We found very low MICs
for both Campylobacter strains, although the outer
membrane surrounding the cell wall in gram-negative
bacteria could restrict diffusion of compounds through
its lipopolysaccharide covering. In our previous work
gram-positive bacteria were more sensitive than
gram-negative bacteria, especially for oil-soluble
extracts with carnosic acid as the major phenolic
compound (Klancnik et al., 2009a). However, in this
initial screening of the activity of grape skin pheno-
lic extracts against Campylobacter chicken meat
isolates we got very promising results, especially in
antimicrobial activity of grape skin extracts of white
cultivars, which on average gave even better results.
It is important that they leave the wine processing
still rich in biologically valuable components. Further
tests are needed to confirm the screening results in in
vitro and in vivo assays to confirm the potential use
as additives for reduction of bacterial load of fresh
chicken meat and products and thus in lowering the
risk of bacterial transmission via this important route.

Conclusion

The emergence and dissemination of resistant
bacteria is an inevitable side effect of the use of an-
timicrobials. We need a monitoring system of the
prevalence and antibiotic resistance of zoonotic ba-
cteria from human, animal, food and environmental
samples to understand the epidemiology of resistant
strains to assure food safety and consumers health.
In our studies we confirmed high prevalence and
also antibiotic resistance of C. jejuni and C. coli
in/from retail chicken meat. Ciprofloxacin is one
of the critically important antimicrobial agents in
human medicine. It is often used for treatment of
human gastroentiritis because of its activity against
enteric bacterial pathogens. However, agricultural
use of some fluoroquinolones, including food pro-
ducing animals, contribute to selection of resistant
Campylobacter spp. which are transmitted into
the food chain. We have confirmed high and still
increasing rate of ciprofloxacin resistant isolates

Table 4. Antimicrobial activity of phenolic extracts (expressed as MICs of total phenols, e.g. mg GAE* per
mL of growth medium in broth microdilution test) from grape skins of white and red cultivars against C. coli
137 (MDR chicken meat isolate) and two reference strains
Tabela 4. Antimikrobna aktivnost fenolnih ekstrata (izrazena kao MIC ukupnih fenola, npr. GAE* po mL

podloge u bujonskom mikrodilucionom testu) iz kozice grozda belih i crvenih sorti na C. coli 137 (MDR
izolat iz pile¢eg mesa) i dva referentna soja

Testing organisms C coli 137 Ct.zmpylobacter Staphylococcus
: (MDR chicken meat coli ATCC .33559 aureus ATC? 25923
Cultivars isolate) (susceptlble. (susceptlble.
reference strain) reference strain)
KujundZusa 0.076 + 0.020 0.032 +£0.005 0.15+0.02
Rkaciteli 0.023 + 0.000 0.014 £ 0.002 0.20 £ 0.03
Zlatarica 0.051 +0.020 0.042 £ 0.005 0.21 £0.03
Medna 0.024 +0.005 0.014 £ 0.002 0.21 £0.03
Kué 0.023 +£0.010 0.019 £0.002 0.26 £ 0.04
Marastina 0.036 +0.010 0.015+£0.002 0.21 £0.03
Debit 0.060 +0.010 0.025 +£0.005 0.25+£0.05
Average for white cultivars 0.042 £ 0.02 0.023 +0.01 0.22+0.04
Vranac 0.10 £ 0.03 0.20 + 0.03 0.23 £ 0.03
Trnjak 0.21 +£0.04 0.14 £0.03 0.22 £0.04
RudeZusa 0.13+£0.02 0.25+0.06 0.29 £ 0.04
Merlot 0.07 £0.01 0.13 +£0.03 0.44 £0.08
Babi¢ 0.10 +0.02 0.08 £0.01 0.42 £0.08
Lasin 0.03 £0.01 0.04 +0.01 0.34 £0.07
Plavina 0.05+£0.01 0.09 +0.02 0.29 + 0.06
Average for red cultivars 0.10 = 0.05 0.13 +0.07 0.32+0.09

*Total phenols are expressed as gallic acid equivalents (GAE) in grape skin extract
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from retail chicken meat. However, so far we have
not found any evidence suggesting that tolerance to
disinfectants or other potential antimicrobials (like
plant phenolic extracts) is connected to antibiotic
resistance of Campylobacter isolates.
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PARAMETRI I KRITERIJUMI ZA OCENU
KVALITETA POLUTKI I MESA SVINJA*

Petrovi¢ Ljiljana, Tomovi¢ V., Dzini¢ Natalija, Tasi¢ Tatjana, Ikonié¢ P,

Sadrzaj: Uraduje dat pregled metodologije ocene kvaliteta polutki svinja na liniji klanja po obavezujucim regulativama
EU, kao i rezultati koji se, u vecini evropskih zemalja, postizu primenom tih procedura u pogledu prosecnog prinosa mesa u

polutkama na nivou celih drzava.

Ukazano je na zastarelost i nepreciznost nasih propisa u toj oblasti, te izostanak ocene kvaliteta i klasiranja svinjskih

polutki koje su u prometu. Nadalje, detaljno je opisana metodologija razvoja matematickih modela za dve manuelne metode:
metoda dve tacke i invazivna-opticka metoda (uredajem FOM), koje su predlozene nacrtom buduceg Pravilnika o kvalitetu
zaklanih svinja i kategorizaciji svinjskog mesa.

Takode, predoceni su kriterijumi i parametri (pHi, pHk, SVV i boja-L*) za ocenu kvaliteta proizvedenog mesa, radi
razvrstavanja po kvalitetu, na meso: BMV/PSE (bledo, meko i vodnjikavo); T CS/DFD (tamnocrveno, ¢vrsto i nevodnjikavo),
CCN/RFN (crvenoruzicasto, cvrsto i nevodnjikavo); BCN/PFN (bledo, évrsto i nevodnjikavo) i CMV/RSE (crvenoruzicasto,
meko i vodnjikavo), svojstava, odnosno parametri i kriterijumi za senzornu ocenu kvaliteta mesa namenjenog preradi ili
mikrokonfekciji i pakovanju, odnosno tokom skladistenja upakovanog mesa.

Kljucne reci: svinje, kvalitet polutki, kvalitet mesa, parametri, kriterijumi

PARAMETERS AND CRITERIA FOR QUALITY EVALUATION OF PORK CARCASS
HALVES

Abstract: The paper gives a review of assessment methodology of pig carcass quality on the slaughterline according to
EU madatory regulations, and also the results achieved applying that procedures in most of the European countries, regarding
the average meat yield in carcasses in that countries.

The paper points out that our regulations in this area are not current and precise, therefore the carcass quality on the
market is not assessed and the pork carcasses are not classified. Further, the methodology of mathematical model development
is described for two methods: manual two-point method and invasive-optical by FOM device, which are proposed in the draft
of Regulations on quality of slaughtered pigs and pork categorization.

The criteria and parameters (pH, pH , WHC and colour — L*) for the quality assessment of produced meat quality are
pointed out, for the classification of meat in the following categories: PSE (pail, soft, exudative), DFD (dark red, firm and
dry), RFN (red-pink, firm, non-exudative), PFN (pale, firm and non-exudative) and RSE (red-pink, soft and exudative), i.e.
parameters and criteria for sensory quality assessment of meat intended for processing or retail cut and packing, i.e. during

storage of packed meat.

Key words: pig, carcass quality, meat quality, parameters, criteria

Uvod

Postupak ocenjivanja kvaliteta polutki i mesa
svinja na liniji klanja, kao i mesa nakon hladenja,
a u novije vreme i u distribuciji, narocito kada je
meso mikrokonfekcionirano i na neki od poznatih
nacina upakovano, svakodnevna je procedura u sa-
vremenom konceptu proizvodnje svinjskog mesa. To
je znacajna karika u specifié(nom lancu proizvodnje

i plasmana svinjskog mesa, od proizvodaca svinja,
odnosno svinjskog mesa do potroSaca. Utvrdivanje
kvaliteta polutki i mesa u svim fazama proizvodnje,
daje osnov za optimalno iskoris¢enje sirovine usme-
ravanjem polutki, odnosno mesa, na dalju preradu
ili u maloprodaju, u skladu sa utvrdenim svojstvima.
Sa druge strane, na taj se nacin iskazuju rezultati
mnogobrojnih aktivnosti u uzgoju i selekciji svinja.
Povratna informacija proizvodacima svinja o posti-

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari
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gnutom kvalitetu omogucava im da sagledaju uspes-
nost rada kao i smernice za dalje unapredenje u toj
oblasti. Pri tome, od najveceg znacaja je Sto ocena
kvaliteta polutki i mesa omogu¢ava odgovarajuce
vrednovanje u svim fazama proizvodnje i iskaziva-
nje utvrdene vrednosti kroz cenu. Sto, takode, deluje
kao dodatni podsticaj daljem unapredenju kvaliteta
i rentabilnosti proizvodnje i plasmana svinjskog
mesa.

U nasoj zemlji se, nazalost, ni postojeci propis
o klasiranju svinjskog mesa u polutkama ne prime-
njuje, a o oceni kvaliteta mesa radi sistematskog
pracenja i preduzimanja korektivnih mera ili radi od-
govarajuceg vrednovanja, odnosno cenovnog iskazi-
vanja ostvarenih rezultata u pogledu tehnoloskog
kvaliteta mesa, za sada, nema ni govora. Stoga je
zelja autora ovoga rada da predoce domacoj stru¢noj
inaucnoj javnosti procedure na osnovu kojih to moze
da se ¢ini, na koji nacin se odgovarajuci parametri i
kriterijumi za ocenu kvaliteta polutki i mesa svinja
mogu da ugrade i u nase propise, odnosno §ta je,
ipak, postignuto, do sada, u toj oblasti kod nas.

Ocena kvaliteta polutki

Od kolikog je znacaja ocena kvaliteta trupova i
polutki svinja potvrduje ¢injenica da su u evropskim
zemljama sa razvijenim uzgojem svinja, prvi stan-
dardi za ocenu kvaliteta trupova definisani jo§ kra-
jem Sezdesetih godina proslog veka. Na bazi tih na-
cionalnih standarda Zapadne Nemacke i Holandije
oformljen je prvi standard EEZ-a ¢ija je primena u
Sest zemalja, tadasnjim ¢lanicama EEZ-a, zapocela
1970. godine (Zivkovic’, 1985; Sreckovi¢ i sar,
1985; Nikoli¢ i sar., 1989; Manojlovi¢ i Petrovic,
1999; Dzinic¢ i sar., 2006a; 2006b). Standard je i kao
nacionalni, bio zasnovan na stanovistu da se pod
kvalitetom trupa podrazumeva prinos, odnosno koli-
¢ina mesa i njegova rasporedenost na trupu. Taj stav
je bio dominantan, mada su ve¢ sedamdesetih godina
prosloga veka postojala i takva misljenja da kvalitet
trupa obuhvata ¢inioce koji se odnose na randman,
ali 1 Cinioce kvaliteta miSi¢éne mase (Rahelic,
1984; 1987; Rede, 1987), pa osobine trupa treba
da se izrazavaju odnosom tkiva na trupu (misi¢no i
masno) i karakteristikama tih tkiva (Zivkovié, 1985;
Rede i Petrovic, 1997; Petrovi¢ i Manojlovic, 1999).
Standard EEZ-a je uklju¢ivao masu polutki, debljinu
masnog tkiva lednog dela na dva merna mesta, kao i
ocenu tipa i konformacije polutki. Ta merenja su bila
osnov za odredivanje procenta mesnatosti i trgova-
¢ke klase polutki, odnosno trupova. Mada je u po-
cetku u nekim zemljama postojao otpor prema oceni
konformacije trupa, ve¢ 1975. godine je usledila

izmena standarda kojom je usaglasena klasifikacija
polutki prema prinosu mesa, a zatim je usvojena
regulativa [Commision Regulation (EEC) No
2967/85; 1985]. Posle ova dva standarda, zasnovana
na merenju mase, linarnih parametara i vizuelnoj
klasifikaciji polutki, januara 1989. godine stupio je
na snagu SEUROP standard EEZ-a koji ukljucuje
primenu elektronskih instrumenata i kompjutersku
obradu podataka. Standard je, prethodno, punih pet
godina bio u fazi provere, testiranja i tehnicko-orga-
nizacionih ispitivanja.

Rezultati dugogodiS$nje primene ovih standar-
da sumirani su u okviru EUPIGCLASS projekta, na
osnovu kojih moze da se najbolje oceni postignut
efekat, najpre u nekim zemljama EU-15, a potom i
stanje u zemljama koje su tada trebale da postanu
¢lanice EU (NAS), (Hansson, 2003).

Rukovodilac ovog dela istrazivanja (Hansson,
2003), u rezimeu, naglaSava da su rezultati, koji su
u ovom radu predoceni u skracenom obimu u tabeli
1, zasnovani na podacima dobijenim kroz upitnik po-
slat svim zemljama ¢lanicama EU i NAS zemljama.
Kao dopuna koriséeni su i neki oficijelni statisticki
podaci. Cilj je bio da se prikupe informacije za
elaboraciju Programa obezbedenja kvaliteta (QAP),
jednog od zadataka projekta.

U ovom izvestaju je ukratko opisana proiz-
vodnja svinja u Evropi, iz kojeg se vidi da je skoro
200 miliona svinja zaklano u 2001. godini, kada
su podaci prikupljeni. U najve¢em broju zemalja
proizvode se hibridni tovljenici, ukr§tanje se obavlja
sa belim rasama (VJ i SL) u populaciji krmaca, a
durok, hempSir i pietren su rase nerastova. Koriste
se i neke sinteticke linije.

U skoro svim zemljama svinje se kolju sa
manje od 125 kilograma zive mase, dajuci trup na
liniji klanja od 93 kilograma, i manje. Pracena su
EU-pravila za pripremu. Klasifikacija je sprovedena
u svim zemljama EU, a metode su bazirane na me-
renju debljine masnog i miSi¢nog tkiva za izraCuna-
vanje procenta mesa, izrazenog kao udeo u masi
celog trupa, u skladu sa EU zahtevima.

Program klasiranja su kontrolisali zvani¢ni
predstavnici drzavnih organa, u najve¢em broju ze-
malja, u cilju sprovodenja zvani¢ne ocene, sa viso-
kim poverenjem industrije i trziSta. Specijalizovane
organizacije, odgovorne za kontrolu, ve¢ postoje u
vecini zemalja, tako da je implementacija Programa
obezbedenja kvaliteta (QAP) bila veoma laka, kako
zakljucuje Hansson (2003) u ime istrazivaca tog dela
Projekta.

Na naSim prostorima, prvi propis o oceni tru-
pova svinja na liniji klanja objavljen je ve¢ krajem
1969. godine. Bio je to Jugoslovenski standard
za svinje za industrijsku preradu sa oznakom JUS
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Tabela 1. Prikaz broja zaklanih svinja u zemljama EU i NAS, prosecne mase toplih trupova na liniji klanja,

prosecni prinos mesa u polutkama i najcesce koris¢eni uredaji i metode za odredivanje prinosa mesa
Table 1. Number of slauhtered pigs in EU and NAS countries, average masses of warm caracasses at the
slaughterline, average yield in caracass halves and the most ofen used devices and methods for meat yield

determination
Zemlje Clanice | Broj zaklanih | Prosecna masa | Prinos mesau
EU i NAS svinja 2001. toplih polutki polutkama
zemlje godine (kg)
Uredaji koji
(%) suu uliotre{)i
Danska 21.000.000 78 60 uredaj FOM, AUTOFOM, CC
Belgija 11.000.000 90 60 invazivni CGM ili PG 200 uredaj
Francuska 26.000.000 90 60 uredaj CGM i metoda dve tacke
Spanija 36.000.000 79 58 uredaj FOM i HGP, AUTOFOM
Nemacka 40.000.000 93 56.7 uredaj FOM, AUTOFOM
. nema
Ttalija 13.000.000 | Uglavnom vecih | G izovanih [FOM i HGP 4
masa trupova
podataka
Holandija 20.000.000 80 57 HGP
Irska 3.400.000 72 58,4 HGP ver 2
Litvanija 800.000 - - uredaj FOM — u razvoju
Estonija 500.000 77 56 nije u upotrebi ni jedan uredaj
Slovenija 500.000 82 55,4 metoda dve tacke
Poljska 20.000.000 80 50 f:f}%;g%‘;ﬁﬁ:xgglh testova,
Madarska 3.300.000 90 53 FOM
Bugarska 2.000.000 70 ~45 nije uvedeno klasiranje, HGP za
1strazivanja
Slovacka 1.800.000 90 52 FOM i metoda dve tacke
Ceska 3.600.000 88 54 FOM i metoda dve tacke
Kipar 650.000 75 55 invazivni uredaji i HGP
Svedska 3.300.000 89 57 HGP
Norveska 1.300.000 80 56 HGP 4
Finska 2.200.000 - - HGP2i4

E.C1.021 III-1969, s tim §to se sa ocenom mesnato-
sti polutki svinja na linijama klanja u industrijskim
klanicama tadasnje SFRJ zapocelo aprila 1973.
godine. Uz odredene korekcije, standard je bio u
upotrebi sve do donoSenja Pravilnika o kvalitetu
zaklanih svinja 1 kategorizaciji svinjskog mesa sa
zakonskom primenom od aprila 1985. godine.

Danas je, u Republici Srbiji, jo§ na snazi i
delimi¢no je u upotrebi citirani Pravilnik o kvalitetu
zaklanih svinja i kategorizaciji svinjskog mesa
(,,S1. list SFRJ*“ br. 2 i 12 iz 1985. godine). Ovim
Pravilnikom propisuju se minimalni uslovi koje, u
pogledu kvaliteta, mora da ispunjava meso svinja
(svinjsko meso) u trupovima, polutkama i osnovnim
delovima polutke i jestivi delovi zaklanih svinja, kao
i uslovi drzanja, ¢uvanja, pakovanja i transportova-
nja tog mesa i tih jestivih delova.

Po odredbama citiranog Pravilnika pod me-
snatoS¢u trupa, ili svinjskih polutki podrazumeva
se ukupna masa miSi¢nog tkiva bez mesa trbusno-
-rebarnog dela i bez mesa glave. Mesnatost polutki
mesnatih svinja utvrduje se na liniji klanja, najkasni-
je jedan Cas posle klanja, a meri se masa toplih po-
lutki i debljina masnog tkiva na ledima. Masno tkivo
na ledima, sa kozom, meri se na sredini leda, gde je
masno tkivo najtanje (medurebarni prostor izmedu
13. 1 15. lednog prsljena) i na krstima na mestu na
kome misi¢ M. Gluteus medius najvise urasta u
masno tkivo. Zbir tih mera predstavlja debljinu ma-
snog tkiva na ledima. Za odredivanje prinosa mesa
mesnatih svinja u polutkama, na osnovu obavljenih
merenja, koriste se tabela 1 (prinos u kilogramima)
i tabela 2 (prinos u procentima), koje ¢ine sastavni
deo Pravilnika.
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Opsti izgled trupa, polutke, Cetvrti, osnovnih
delova ili jestivih delova zaklanih svinja, kao i ori-
ginalno upakovanog mesa, utvrduje se adspekcijom
i palpacijom i obuhvata: oblik i gradu polutke, cetvr-
ti ili osnovnih delova 1 jestivih delova, razvijenost
misi¢nog i masnog tkiva i oste¢enja i promene boje
mesa, odnosno jestivih delova.

Nas Pravilnik predvida klasifikaciju svinjskih
polutki i osnovnih delova svinjskih polutki samo na
osnovu toga da li su polutke i osnovni delovi polutke
namenjeni za promet (oznaka ,,K*), ili za preradu
(oznaka ,,P*).

U domacoj literaturi, gotovo od momenta do-
noSenja Pravilnika, u velikom broju radova autori
iznose negativna iskustva steCena primenom istog
(Nikoili¢ i sar., 1989; Petrovi¢ i sar., 1996; Petrovi¢
i Manojlovi¢, 1999; Vidovi¢, 1999; Tomovic, 2002;
Petrovié Ljiljana i sar., 2003; Dzini¢, 2005), te uka-
zuju da u Pravilniku postoji neusaglasenost izmedu
prinosa mesa u polutkama zaklanih svinja, izraze-
nog u kilogramima, i prinosa mesa izrazenog u
procentima.

Nadalje je, poznato da metodologija za odre-
divanje mesnatosti navedena u Pravilniku daje, u
istim polutkama, u proseku, za oko 10 do 12 posto
manje vrednosti od vrednosti dobijenih metodom
parcijalne disekcije (Vidovi¢, 1999; Petrovi¢ i Ma-
nojlovié, 1999; Dzini¢ i sar., 2001; Tomovic¢, 2002;
Dzinié¢, 2005; Okanovic i sar., 2006).

Rezimiraju¢i, moZze se reéi, da se brojni istra-
zivaci slazu u oceni da su dobijeni rezultati o prinosu
mesa (kg, procenat) u polutkama, odredeni prema
vaze¢em Pravilniku, krajnje nepouzdani, te da je to
verovatni uzrok prestanka klasiranja svinjskog mesa
na linijama klanja svinja u Srbiji i izostanka prometa
klasiranog mesa u polutkama. Takode, moze da se
kaze da smo jedna od retkih, ako ne i jedina zemlja
u Evropi u kojoj se u prometu nalaze neklasirane
polutke svinja, sa svim negativnim posledicama po
nase svinjarstvo, ali i industriju mesa (Petrovic i sar.,
2003; Dzini¢, 2005; Okanovic i sar., 2006).

Posto se proizvodnja u naSoj industriji mesa
ne prati na nacin kako je to regulisano u EU, tesko
je re¢i ¢ak i koliki je broj svinja zaklan u naSim
klanicama u poslednjih desetak godina, a prosec¢ne
mase toplih polutki, ili prinos mesa u polutkama
veoma je tesko Cak i proceniti. No, u okviru Projekta
BTN351008: ,,Proizvodnja i priprema svinjskog
mesa za veleprodaju, maloprodaju, industriju gotove
hrane i preradu kojeg je finansiralo Ministarstvo za
nauku Republike Srbije, u periodu od 2005. do 2008.
godine Petrovi¢ i sar. (2008) su u nekoliko navrata
odredivali proseCan kvalitet polutki (procenat mesa)
u jednoj nasoj industrijskoj klanici, a dobijeni podaci
su predoceni na grafiku 1.
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Grafikon 1. Prosecan kvalitet polutki
(procenat mesa) u I (n =833) i III (n = 702)
godini ispitivanja
Figure 1. Average quality of carcass halves
(% of meat) in 1°* (n = 833) and 3" year of
investigation

Kako spomenuta industrija mesa poseduje i
sopstvenu farmu, u okviru ovog Projekta sprovedene
su mnogobrojne aktivnosti radi poboljSanja kvaliteta
polutki zaklanih svinja, kako u selekciji i ukrSta-
njem, tako i u ishrani. Kao rezultat preduzetih me-
ra registrovano je poboljSanje kvaliteta trupova u
[I-0j u odnosu na I godinu, istrazivanja na nivou
cele farme sa koje su poticale ispitane svinje. Isto-
vremeno, intenzivno se radilo i na formiranju vise-
rasnih hibrida, uglavnom trorasnih i ¢etvororasnih,
a postignuti rezultati, u odnosu na prinos mesa u
polutkama, predoceni su na grafikonu 2. (Tomovic,
2002; Dzini¢ i sar., 2004; Dzini¢, 2005; Petrovic i
sar., 2006; DzZini¢ i sar.,, 2006a; 2006b)
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Grafikon 2. Ucestalost komercijalnih klasa
(SEUROP) polutki svinja u populaciji trorasnih i
Cetvororasnih hibrida svinja (n = 217) formiranih

u programu ukrStanja na jednoj nasoj farmi

Figure 2. Frequence of commercial classes

(SEUROP) of pig caracasses in the population
of threebreed and fourbreed pig hybrides
(n=217) obtained in the breeding programme
on one of our farms
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Na osnovu iznetih podataka i velikog iskustva
autora, moze, gotovo sa sigurnoscu, da se tvrdi da je
to 1 prosecna slika kvaliteta polutki (procenat mesa
~ 50—52 posto) proizvedenih u nasoj zemlji. Dakle,
nedvosmisleno moze da se zakljuci da izostanak si-
stematskog pracenja kvaliteta polutki na liniji klanja
za posledicu ima ovako slab kvalitet polutki koji nas,
po predoCenim rezultatima, svrstava na samo dno
evropskih uzgajivaca svinja i proizvodaca svinjskog
mesa (Petrovi¢ i Manojlovi¢, 1999; Vidovié, 1999;
Tomovic, 2002; Petrovic i sar., 2003; Dzini¢ Natalija,
2005, Okanovic i sar., 2006; Dzinic i sar., 2007)

S obzirom na predoCene nedostatke nasSeg
Pravilnika, u zemljama nastalim iz bivSe SFRIJ taj
Pravilnik je izmenjen (u Republici Sloveniji 1995,
a u Republici Hrvatskoj 1999. godine) i uskladen sa
aktuelnim propisima u EU. Sve izneto namece po-
trebu usaglasavanja i naSih priopisa sa standardima
razvijenih zemalja, pre svega zemalja EU i uvodenja
savremenih metoda za ocenu kvaliteta polutki na
linijama klanja svinja, sa obaveznom primenom.

Razumevajuéi potrebu da se u procesu usa-
glaSavanja domaceg zakonodavstva sa zakonodav-
stvom EU, ali i da se u proizvodnji svinja i svinjskog
mesa krene u pravcu unapredenja, Ministarstvo po-
ljoprivrede, Sumarstva i vodoprivrede je sa Tehno-
loskim fakultetom u Novom Sadu sklopilo ugovor
radi realizacije projekta: ,,Definisanje parametara i
kriterijuma za ocenu kvaliteta polutki svinja u cilju
izrade predloga pravilnika o kvalitetu zaklanih svi-
nja i kategorizaciji svinjskog mesa“. Na projektu je
angazovano 18 istraziva¢a iz 6 Nauc¢no-istrazivackih
organizacija, ukljucujuéi i predstavnika Udruzenja
republickog saveza uzgajivaca svinja. Projekat je
realizovan u periodu od 16. juna 2008. do 16. mar-
ta 2009. godine, kada je, na osnovu obavljenih
istrazivanja, Ministarstvu predat nacrt Pravilnika o
kvalitetu zaklanih svinja i kategorizaciji svinjskog
mesa (2009).

U nastavku ¢e biti predocena metodologija ra-
da, kao i dati predlozi metoda i postupaka za ocenu
kvaliteta polutki predlozenih u nacrtu Pravilnika
(2009).

U zemljama EU [Council Regulation (EC)
No 3513/93..., 1993] pod svinjskim trupom/polut-
kama podrazumeva se trup zaklane, iskrvarene i
eviscerirane svinje, ceo ili raseCen niz srediSnju
liniju, bez jezika, ¢ekinja, papaka, genitalnih organa,
sala, bubrega i dijafragme. Posebnim propisom EU
[Commission Regulation (EEC) No 2967/85...,
1985] usvojeno je da se masa toplog trupa/polutki
i mesnatost odrede, $to je mogucée pre, odnosno
najkasnije 45 minuta nakon klanja, kao i da se masa
ohladenog trupa/polutki dobija umanjivanjem mase
toplog trupa/polutki za 2 posto.

Primereno savremenim zahtevima u pogledu
kvaliteta, sasvim je razumljivo da se u praksi
zemalja, pre svega onih sa tradicionalno razvijenim
stocarstvom 1 proizvodnjom mesa, javila potreba da
se u dugom procesu proizvodnje, $to je moguce pre,
predvidi i/ili utvrdi kvalitet polutki, odnosno trupo-
va. Rezultati tih zahteva, a pre svega multidiscipli-
narnog pristupa problematici, su savremene metode
1 vrlo sloZena tehnicka resenja, ¢ija primena omogu-
¢ava da se merenjem odabranih pokazatelja kvalite-
ta, obradom i evidencijom dobijenih podataka preci-
zno utvrdi i objektivno izdiferencira kvalitet, vred-
nost i klasa polutki/trupova, kako u primarnoj proiz-
vodnji (invivo), tako i na liniji klanja. (Radovanovié,
1992; 2001; Rede i Petrovi¢, 1997; Petrovi¢, 1999;
Tomovié¢, 2002; Dzini¢, 2005).

ZajedniCka odlika svih, do sada usavrsenih re-
Senja, je da se radi o vrhunskoj i vrlo osetljivoj bio-
-medicinskoj opremi, odnosno elektronskim, optic-
kim, ultrazvuénim i video mernim instrumentima pri-
lagodenim radu u nepovoljnim mikroklimatskim uslo-
vima pogona industrije mesa. Ovi uredaji se, po pra-
vilu, jednostavno montiraju i podeSavaju za rad, veo-
ma brzo daju precizne informacije, ispunjavaju sve
zahteve u pogledu higijene i bezbednosti, a obucena
lica ih veoma lako koriste (Radovanovi¢, 1992; 2001;
Rede i Petrovic, 1997; Tomovic, 2002; Dzini¢, 2005).

Mnoge od tih novih mernih instrumenata, u
EU, SAD, Kanadi, Australiji, Novom Zelandu i dru-
gim razvijenim zemljama priznale su odgovarajuce
drzavne komisije tih zemalja i ve¢ su potvrdeni kroz
Siroku primenu u proizvodnim uslovima, odnosno
zvani¢no su uvrS¢eni u odgovaraju¢e nacionalne
propise o klasiranju svinjskog mesa u trupovima.

Iako se radi o savremenoj instrumentalnoj opre-
mi, primena ovih uredaja zahteva njihovu prethodnu
kalibraciju. Metodologija kalibracije merne opreme
kao i kriterijumi za utvrdivanje preciznosti, odnosno
ponovljivosti merenja definisani su odgovaraju¢im
propisima EU [Commission Regulation (EEC) No
2967/85..., 1985; Commission Regulation (EC) No
3127/94..., 1994]. Naime, svi uredaji, u svom soft-
verskom paketu, imaju ugraden matemati¢ki model
za izraCunavanje procenta mesa, koji se definise re-
gresionom analizom na bazi veli¢ina izmerenih in-
strumentalno (najces¢e debljina masnog i misi¢nog
tkiva) i procenta mesa odredenog metodom parcijal-
ne disekcije. Da bi matematicki model bio prihva-
¢en, odnosno da bi rezultati dobijeni instrumental-
nim merenjem bili precizni i ponovljivi, usvojeno
je da standardna devijacija regresije (RMSE), izra-
Cunata izmedu procenata mesa odredenih instru-
mentalnom metodom i metodom parcijalne disek-
cije, na reprezentativnom uzorku od najmanje
120 polutki, mora da bude manja od 2,5 posto,
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s tim da, ukoliko se matematicki model definiSe
dvostrukom regresijom, za proveru varijabilnosti
(RMSE < 2,5 posto) je dovoljno izvrsiti merenja
samo na 50 polutki. S obzirom na to da je disekcija
cele polutke na osnovna tkiva vrlo komplikovana i
dugotrajna, usvojena je metoda parcijalne disekcije,
koju su detaljno opisali Walstra i Merkus (1996).
Po ovoj metodi, polutka se, po anatomski precizno
definisanoj shemi, raseca na 12 delova, a samo Cetiri
najznacajnija dela (but, ledno—slabinski deo, plecka
i rebarno—trbusni deo) polutke, koji sadrze 75 posto
svih poprec¢no-prugastih misi¢a, se disekciraju na
osnovna tkiva. Na osnovu mase misSi¢nog tkiva u
tim delovima i mase podslabinskog misic¢a (filea)
izraCunava se procenat mesa u polutki, mnoZenjem
tog zbira sa faktorom 1,3.

Na osnovu utvrdenog procenta mesa, u zemlja-
ma EU [Council Regulation (EEC) No 3220/84...,
1984], trupovi/polutke se klasiraju u Sest komercijal-
nih klasa prema sledec¢oj skali: S> 60 ; 55 <E <60 ;
50<U<55;45<R<50;40<0<45;P<40.

Detaljnom analizom citiranih evropskih regula-
tiva kao i nacionalnih propisa pojedinih zemalja EU
(Engleska, Irska, Slovenija) kojima se ureduje opi-
sana problematika, dolazi se do saznanja da vecina
nacionalnih propisa daje mogucnost ocene kvaliteta
polutki i na bazi ru¢no (manuelno) uzetih podataka
(linearnih mera) i izraCunavanja pomocu relativno
jednostavnih formula (matematickih modela), koji
su, naravno, utvrdeni i provereni na temelju citiranih
zahteva. Takode, se u citiranim propisima definiSe i
propisuje za vece objekte, u kojima se nedeljno kolje
viSe od 200 svinja, obavezna upotreba nekog od sa-
vremnih uredaja (naj¢es¢e FOM-a ili nekog drugog
invazivnog optickog uredaja) i za taj uredaj daje se
obavezujuca matematicka formula za izraCunavanje
procenta mesa u polutkama (klase).

Kao rezultat rada na spomenutom Projektu
EUPIGCLASS, Daumas (2003) opisuje proceduru
koju treba primeniti pri izboru statisticki reprezen-
tativnog uzorka od 120 svinja za uzimanje lineranih
mera za debljinu masnog tkiva i misi¢a na toplim
polutkama, za odabranu manuelnu ili instrumentalnu
metodu, kao i nacin sprovodenja parcijalne disekcije
istih ohladenih polutki, pri definisanju nacionalnih
obavezujucih parametara i kriterijuma za klasiranje
svinjskog mesa u skladu sa EU regulativama. Ta
procedura je poStovana i pri realizaciji naseg Pro-
jekta finansiranog sredstvima Ministarstva poljopri-
vrede Republike Srbije, odnosno pri odabiru pro-
secnih uzoraka koji ¢e na najbolji nacin statisticki
reprezentovati varijabilnost domace tovne svinje, a
sastojala se u slede¢em:

Broj polutki: Za konstruisanje matematickih
izraza 120 (147) + 50

Rase: Treba ravnomerno odabrati rase svinja
koje se uzgajaju u celoj zemlji. Odabrani genotipovi
svinja za ispitivanja bili su: Svedski landras — 29
grla; veliki jorksir — 14 grla; dvorasni melezi: §ved-
ski landras x veliki jorksir — 12 grla; veliki jorksir x
Svedski landras — 9 grla; Svedski landras x pijetren
— 3 grla; trorasni melezi: (Svedski landras x veliki
jorksir) x durok — 12 grla; (S§vedski landras x veliki
jorksir) x pijetren — 21 grlo; (Svedski landras x veliki
jorksir) x hempsir — 14 grla; cetvororasni melez:
(Svedski landras x veliki jorksir) x (durok x pijetre)
— 6 grla. (U svim kombinacijama meleza prvo je
prikazan genotip majke pa oca.)

Farme: Svinje treba da potic¢u sa vise farmi.
U sprovedenim ispitivanjima svinje su poticale sa
farmi: ,,Cenej* — Cenej; ,,Aleksa Santi¢* — Aleksa
Santi¢; ,,Nukleus“ — Raga Kragujevacka; ,,Vizelj* —
Padinska Skela; ,,Union MZ* — PoZarevac 1 ,,Institut
za stocarstvo® — Zemun.

Pol: Oba pola, a muska grla moraju da budu
kastrirana najmanje 30 dana pre klanja (cca 50 : 50).
U obavljenom ispitivanju bilo je 71 Zenskih i 76
muskih grla.

Klanice: Ve¢i broj. U obavljenim ispitivanji-
ma: IM ,Neoplanta®, Novi Sad; ,Imes®, Padinska
Skela; , Institut za stoCarstvo®, Zemun; ,,Union MZ*,
PoZarevac.

Timovi za disekciju: Veci broj. U obavljenim
ispitivanjima: mesari klanice ,IMES* prva ekipa
(7); mesari klanice ,,IMES*, druga ekipa (11); mesari
klanice ,IMES* plus mesari Instituta za stoCarstvo
Beograd, Zemun (11); mesari Instituta za stoCarstvo
Beograd, Zemun (29); mesari klanice ,,UNION MZ*
plus mesari Instituta za stocarstvo Beograd — Zemun
(18); mesari IM ,,Neoplanta“ prva ekipa (37); mesari
IM ,Neoplanta®, druga ekipa (34), a pri svakoj
disekciji bili su prisutni i istrazivaci sa Projekta
(najmanje 4 uz svaku ekipu mesara).

Merenje mase toplih polutki: 45’ post mor-
tem (EU 3220/84) (Ta¢nost vage = 0,5 kg)

Masa ohladenih polutki: Masa toplih polutki
umanjena za 2 posto (EU 2967/85). U ovim istrazi-
vanjima, zbir 12 osnovnih anatomskih delova dobi-
jenih rasecanjem po definisanom postupku parcijal-
ne disekcije + file.

Definicija polutke: Polutka bez jezika, cekinja,
papaka, genitalnih organa, sala, bubrega i dijafragme
(EU 3513/93).

Kriterijumi za mase polutki (tovne svinje za
klanje): Masa toplih polutki od 50 do 120 kg (EU
3513/93).

Grupe polutki po masama: Odabrati po mo-
gucnosti podjednak broj polutki iz svih tezinskih
grupa u definisanom rasponu za Tovne svinje (gra-
fikoni 3.a 1 4.a).
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Grupe polutki po procentu mesa: U svakoj
tezinskoj grupi i u svakoj grupi po procentu mesa
trebalo bi disekcirati podjednak broj polutki (grafi-
koni 3.bi4.b).

Debljine masnog i miSi¢nog tkiva na toplim
polutkama (merna mesta) na kojima su uzimane
linearne mere, radi konstrisanja matematickih
izraza-modela za odredivanje procenta mesa:

1. Prema naSem vaZelem Pravilniku (u

medijalnoj ravni):

Na sredini leda gde je slanina najtanja, sa
kozom, u milimetrima (izmedu 13. i 15.
lednog prsljena) — merno mesto LEDA,

Na krstima gde M. gluteus medius najvise
urasta u slaninu, sa koZzom, u milimetrima
— merno mesto KRSTA.

2. Prema FOM uredaju, ali u medijalnoj
ravni (za manuelnu metodu dve tacke):
Izmedu 3. i 4. lumbalnog prsljena (gledano
kaudo-kranijalno) — debljina masnog tkiva
sa kozom (MT1), u milimetrima; izmedu
3. 1 4. poslednjeg rebra — debljina masnog
tkiva sa kozom (MT2) u milimetrima.

3. Prema FOM uredaju (za instrumentalnu

invazivnu metodu):
Izmedu 3.14. poslednjeg rebra, 7 santimetara
od medijalne ravni — debljina masnog tkiva
sa kozom (RF) i debljina M. longissimus
dorsi (RM), u milimetrima; izmedu 3. i 4.
lumbalnog prsljena (gledano kaudo-krani-
jalno), 8 santimetara od medijalne ravni
— debljina masnog tkiva sa kozom (LF), u
milimetrima.

4. Prema francuskoj, slovenackoj, hrvatskoj,

itd. metodi dve tacke (manuelna metoda):
Debljina masnog tkiva sa kozom, u mili-
metrima, izmerene na krstima na najtanjem
mestu, odnosno gde M. gluteus medius
najvise urasta u slaninu (S),
Debljina M. longissimus dorsi (slabinskog
misi¢a), mereno kao najkraca veza prednjeg
(kranijalnog) zavrsetka M. gluteus medius
sa gornjim (dorzalnim) rubom ki¢menog
kanala (M) .

5. Postupak disekcije: Leve polutke (EU
3127/94) disekcirane su po proceduri koju
su opisali Walstra i Merkus (1996). Disekci-
ra se but, plecka, kare i rebarno-trbusni deo
+ file.

Od ukupno 147 obavljenih disekcija za metodu
FOM uredaja uzeti su podaci za 120 polutki na
kojima su izmerene linearne mere bile validne po
metodologiji rada uredaja FOM, odnosno postojali
su svi podaci za disekciju i linerne mere.

Grafikon 3.a Broj polutki po tezinskim grupama za
metodu FOM uredaja
Figure 3.a. Number of caracass halves by weight
groups for the method FOM device

Grafikon 3.b Broj polutki po klasama i prosecan
prinos mesa po klasi za metodu FOM uredaja
Figure 3.b. Number of carcass halves by classes
and average yield in the class for the method of
FOM device

Od ukupno 147 obavljenih disekcija za metodu
dve tacke uzeti su podaci za 120 polutki na kojima
su izmerene linearne mere bile validne po metodi dve
tacke, odnosno postojali su svi podaci za disekciju i
linerne mere (na 107 istih polutki su uzete linearne
mere za obe metode, odnosno podaci za disekciju,
a na po 13 razli¢itih polutki su uzete linerne mere
samo za metodu uredaja FOM, odnosno za meto-
du dve tacke, sa odgovarajuéim podacima za di-
sekciju).

Linearne mere uzete po metodologiji vazeceg
Pravilnika i metodologiji uredaja FOM, ali u
medijalnoj ravni — za metodu dve tacke nisu dalje
razmatrane jer ni pojedinacno ni na ukupnom uzorku
(n=120) u poredenju sa rezultatima disekcije nije
dobijena trazena pouzdanost (RMSE < 2,5 posto).

Statisticka obrada dobijenih podataka radi kon-
struisanja matematickih modela uradena je prema
dokumentaciji koja se $alje u Brisel za zemlje EU
radi sertifikacije metoda za ocenu mesnatosti na
liniji klanja iz ,,EUPIGCLASS* projekta (Causeur
i sar.,20006).
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Grafikon 4.a Broj polutki po tezinskim
grupama za metodu dve tacke
Figure 4. a. Number of carcasses halves by weight
groups for the ,,two points” method

Utvrdena je jednacina viSestruke linearne re-
gresije za ocenu mesnatosti, RMSE, RMSEP (Root
Mean Squared Error of Prediction), (Causeur i sar.,
2006), pri ¢emu je vrednost RMSEP preporucena
kao validacioni kriterijum umesto vrednosti RMSE
[Commission Regulation (EC) No 3127/94...,
1994)].

Konstruisani matematicki model —Metoda FOM
uredaja
Y = 55,6925 — 0,2402LF — 0,4575RF + 0,1578RM
RMSE =2,12
RMSEP =2,16
(videti Grafikon 5)

Grafikon 4.b Broj polutki po klasama i prosecan
prinos mesa po klasi za metodu dve tacke
Figure 4. b. Number of caracass halves by class for
,»two points” method

Konstruisani matematicki model - Metoda dve
tacke

Y = 49,6358 — 0,5667S + 0,2069M

RMSE = 2,12
RMSEP = 2,16

(videti Grafikon 6)

Disekcija i uporedno uzimanje linearnih mera
sa 50 novih polutki za metodu dve tacke i instru-
mentalno odredivanje % mesa i klase polutki, te
dokazivanje da su izradeni matematicki modeli va-
lidni u poredenju sa rezultatima disekcije (RMSE
<2,5 posto), obavljena je na slu¢ajnom uzorku, kako
je predoceno na grafiku 7.ai 7.b

% mesa

FOM

R =0.843

R*=0.711

35,0 40,0 45,0 50,0

55,0 60,0 65,0 70,0

% mesa disekcijom

Grafikon 5. Linearna korelacija izmedu prinosa mesa utvrdenog uredajem FOM i metodom disekcije
Figure 5. Linear correlation between the yield determinated by FOM and dissection method
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Grafikon 6. Linearna korelacija izmedu prinosa mesa utvrdenog metodom dve tacke i metodom disekcije
Figure 6. Linear correlation between yield determinated by ,,two points” method and dissection method
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Grafikon 7.a Broj polutki po tezinskim grupama
Figure 7a. Number of carcass halves by wight
groups

Metoda FOM uredaja
Y = 55,6925 — 0,2402LF — 0,4575RF + 0,1578RM

od 60 do 70

od 70 do 80 od 80 do 90 0d 90do 100  od 100 do 110 kg

Grafikon 7.b. Broj polutki po klasama i prosecan

prinos mesa po klasi

Figure 7b. Number of carcass halves and average

yield by ckass

Konstruisan matematicki model je validan.
Y =49,6358 — 0,5667S + 0,2069M

RMSE = 2,27 Metoda dve tacke
RMSEP =241 RMSE = 2,38
(videti Grafikon 8) RMSEP =2,39
(videti Grafikon 9)
Konstruisan matematicki model je validan.
Y% mesa | .00
FOM 65,00 5 R2= 0.918
60,00 . /:: R?>=0.843
55,00 — g
50,00 SN o*
45,00 /%:
*
40,00 /‘
35,00 T T T T T
35,0 40,0 45,0 50,0 55,0 60,0 65,0

% mesa disekcijom

Grafik 8. Linearna korelacija izmedu prinosa mesa utvrdenog uredajem FOM i metodom disekcije
Figure 8. Linear correlation between the meat yield determinated by FOM and dissection method
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Grafikon 9. Linearna korelacija izmedu prinosa mesa utvrdenog metodom dve tacke i metodom disekcije
Figure 9. Linear correlation between meat yeald determinated by ,,two points” method and dissection method

ne validacije dobijeni matematicki modeli, od-
nosno definisani parametri (za manuelnu metodu
dve tacke i instrumentalnu, uredajem FOM) predlo-
Zeni su u nacrtu Pravilnika (2009) za oficijelne, pri
odredivanju klase polutki po SEUROP kriterijumi-
ma. Naravno, da svi zainteresovani subjekti mogu da
koriste i druge metode, odnosno uredaje, ali moraju
da dokumentuju validnost koriS¢ene metodologije
po opisanoj proceduri iz nacrta Pravilnika. Nacrtom
Pravilnika predvideno je da klasiranje sprovodi, za
tu delatnost, imenovana kontrolna organizacija, od
strane nadleZnog ministarstva, ili po dogovoru zain-
teresovanih subjekata, u skladu sa ISO EN 45 004
standardima.

Ocena kvaliteta mesa

Pored mesnatosti trupova, ¢ime se obezbeduje
kvantitet sirovine, za kvalitet proizvoda od mesa ili
sam plasman svezeg mesa, od izuzetnog je znaCaja
kvalitet mesa. Odnosno, kako istice Radovanovié
(2001), zahtev za mesom vrhunskog kvaliteta ne
predstavlja samo deo ,,navike* potro$aca u ambi-
jentu trziSne ekonomije, zavidne kupovne moci
stanovnistva i visokog obima potro$nje, primeren
dostignutom nivou zivotnog standarda, vec¢ je to, u
uslovima izraZene konkurencije, imperativ uspesnog
opstanka na trziStu. Dakle, u razvijenom delu sve-
ta postoji saglasnost u pogledu jasno definisane
strategije prema kojoj kvalitet proizvoda ima
primarni znacaj i nalazi se u centru paZnje svih
aktivnosti, budu¢i da predstavlja konkurentsku pred-
nost i €ini ciljanu osnovu razvoja, dok je kvanti-
tet samo jedan od integralnih elemenata kvaliteta.

Kvalitet mesa je termin koji sveobuhvatno
opisuje biohemijske, hemijske i fizicko-hemijske
karakteristike mesa (Honikel, 1999).

Kvalitet mesa je rezultat slozenih i osetljivih
biohemijskih procesa i promena koje se u miSicu
odvijaju nakon klanja. Skup faktora koji utiCu na
tok 1 intenzitet postmortalnih procesa i promena je
veoma $irok, a sloZzeni biohemijski procesi rezulti-
raju formiranjem kompleksa svojstava koje obuhva-
tamo pojmom ,.kvalitet™ (Rede i Petrovic¢, 1997).

Pri odredivanju kvaliteta od presudnog su zna-
¢aja dvamomenta i to: definisanje faktora (parameta-
ra) kvaliteta na osnovu kojih se izrazavaju pojedina-
¢na svojstva kvaliteta i kvantitativno izrazavanje tih
karakteristi¢nih svojstava (kriterijuma) u odnosu na
opsti kvalitet. Ocena kvaliteta je potpunija, ukoliko
je ispitan i definisan veéi broj svojstava (Joksimovic,
1977).

Razli¢ite grupe potrosaca imaju razliCite za-
hteve u pogledu kvaliteta. Neki su zainteresovani
pre svega, za dobra senzorna svojstva, odnosno iz-
gled mesa. Velike razlike u boji, bez obzira da li su
posledica razlike u SVV, pH ili hemijskog stanja
pigmenta, nisu pozeljne. Odrezak u prodaji treba
da je krto meso; vece koli¢ine masnog tkiva su
nepozeljne, ¢ak i ako povoljno uticu na ukus. Drugi
potrosaci mogu da budu zainteresovani za uslove
pod kojima je meso proizvedeno, za koje smatraju
da su eti¢ki prihvatljivi. Potro§aci koji su spremni da
plate posebnu cenu za takvo meso bili su, do sada,
uglavnom koncentrisani na na¢in uzgoja, ali nema
sumnje da ¢e da budu zainteresovani i za postupak
sa zZivotinjama pre klanja. Proizvodaci svezeg mesa
su zainteresovani za tacno odreden kvalitet mesa, tj.
da nije BMV ili TCS meso. Preradivade interesuje
da je meso dobrih osobina za preradu radi Sto boljeg
iskoriS¢enja sirovine i kvaliteta proizvoda (Barton,
Gade, 1985).

Honikel (1999) pod kvalitetom mesa podrazu-
meva zbir svih objektivno izmerenih (n) svojstava,
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odnosno prema Hofmannu (1986), Honikel (1999)
definiSe kvalitet mesa kao skup svih tehnoloskih,
nutritivnih (hranljivih), senzornih i higijenskih (od-
nosno higijensko-toksikoloskih) svojstava, odnosno
faktora kvaliteta.

U poslednje vreme sve veca paznja se posvecu-
je itzv. ,etiCkom kvalitetu mesa“ koji podrazumeva
»organski“, nasuprot ,,neorganskom® uzgoju Zzivo-
tinja, zatim religijske zahteve, dobrobit Zzivotinja
(,,Animal Welfare®), kao i odobravanje, odnosno
neodobravanje, genetske modifikacije zivotinja i
stocne hrane. Takode, velika paznja se posvecuje i
ispunjenju ekoloskih standarda u uzgoju zivotinja i
proizvodnji i preradi mesa (Murray, www.ccsi.ca/
Meetings/ACM_Pork Quality).

Merenje svojstava mora da se preduzme u pra-
vo vreme, na nacin koji nije destruktivan i u repre-
zentativnim miSi¢ima koji su lako dostupni (M.
semimembranosus 1 M. longissimus dorsi) (Honikel,
1999).

Tradicionalno, govori se o tri sasvim izdife-
rencirana tehnoloska kvaliteta svinjskog mesa. Pro-
izvedeno meso (posle zavrSenog hladenja 24 Casa
post mortem) moze da bude sledeceg kvaliteta: ,,nor-
malno” (crveno ruzicasto, ¢vrsto i nevodnjikavo
— CCN), BMV (bledo, meko i vodnjikavo) i TCS
(tamno, ¢vrsto i suvo), a poznat je jos jedan kvalitet
mesa koji nastaje u uslovima intenzivnog hladenja
(,,cold shortening”). Pomenuti kvaliteti mesa medu-
sobno se razlikuju prema makroskopskim, mikro-
skopskim 1 fizicko-hemijskim svojstvima svezeg
mesa, kao i prema senzornim i tehnoloskim svojstvi-
ma konacnih proizvoda u toku i posle kulinarne
pripreme, odnosno prerade (Rede i Petrovic¢, 1997).
0Od 1992. godine u literaturi (Kauffinan i sar., 1992;
Warner i sar, 1993; Van Laack i sar,, 1996; Warner
i sar, 1997; Joo i sar,, 1999; Toldra i Flores, 2000;
Kusec i sar.,, 2004; Dzini¢, 2005; Xing i sar., 2007;
Qiao i sar., 2007a; Qiao i sar., 2007b; Fischer, 2007)
se navode, odnosno opisuju jo$ dva, intermedijarna,
kvaliteta svinjskog mesa koji su oznaceni kao CMV
i BCN kvaliteti. CMV (crveno ruzi¢ast, mek i
vodnjikav) kvalitet svinjskog mesa je prihvatljiv po
boji, ali je meso meko i slabe sposobnosti vezivanja
vode, dok se BCN (bled, &vrst i nevodnjikav) kvali-
tet odlikuje bledom bojom, ali dobrom ¢vrstinom 1i
sposobnoscu vezivanja vode.

Osim ,,normalnog”, ostali kvaliteti se smatraju,
manje ili viSe nepozeljnim, jer pored nekih pozitiv-
nih svojstava koja mogu da budu od znacaja samo u
nekim tehnoloskim operacijama prerade mesa, kod
BMV i TCS mesa uglavnom preovladuju nepozeljna
senzorna i tehnoloska svojstva (Rahelic, 1984; 1987,
Rede i Petrovi¢, 1997, Petrovic i sar., 2003).

Kod svinjskog mesa mnogo je veca ucestalost
pojavljivanja mesa BMV kvaliteta, dok se TCS me-
so mnogo ¢esce javlja kod govedeg i jagnjeceg mesa
(Rede i Petrovi¢, 1997; Honikel, 1999; Tomovic¢ i
sar., 2008; Tomovic, 2009).

Podloznost promenama toka postmortalnih
procesa u misi¢ima, a time i promena kvaliteta miSi-
¢a, odnosno proizvedenog mesa, uslovljena je genet-
ski (endogeni faktori), a aktivirana je i spoljasnjim
nadrazajima iz okoline u kojoj se Zivotinja nalazi
(egzogeni faktori) (Rede i Petrovi¢, 1997; Tomovic,
2002; 2009; Tomovic i sar., 2004; 2006; 2008; Dzi-
ni¢, 2005; Dzini¢ i sar., 2007). Dakle, kvalitet mesa
zavisi od brojnih endogenih (genetskih) i egzogenih
(spoljasnjih) faktora (Rosenvold i Andersen, 2003).

Po misljenju vecine autora uticaj egzogenih
faktora na kvalitet mesa je znacajniji od uticaja en-
dogenih faktora, pri éemu autori (Rede, 1987; Cepin
i Cepon, 2001; Dzini¢, 2005) navode da dominantni
uticaj na kvalitet mesa ima ishrana i nacin drzanja
zivotinja. Pored toga, brojnim ispitivanjima (Rahe-
lic, 1984; 1987; Manojlovic¢ i Raheli¢, 1987; Wikto-
ra, 1987; Petrovi¢ i Manojlovié, 1999; Rosenvold
i Andersen, 2003) utvrdena je moguc¢nost smanje-
nja pojavljivanja mesa izmenjenog kvaliteta op-
timizacijom premortalnih i postmortalnih faktora
proizvodnje, odnosno smanjenjem stresa u opera-
cijama pretklanja (smestaj na farmi, utovar, prevoz,
istovar, odmaranje u depou klanice, otpremanje iz
depoa) i klanja (omamljivanje, iskrvarenje), zatim
operacija na liniji klanja (Surenje, opaljivanje, va-
denje unutras$njih organa), kao i intenziviranjem
hladenja mesa, pri ¢emu Honikel (1999) posebno
istiCe da kvalitet proizvodnje uti¢e na kvalitet mesa,
ali da faktori proizvodnje nisu karakteristike kvali-
teta mesa.

Tehnoloska svojstva mesa, pre svega, imaju
znacaj za industrijsku proizvodnju i preradu mesa na
svim nivoima (Radovanovi¢, 1992; Honikel, 1999).
Vecina karakteristika izmerenih na polutkama 1 ot-
kostenom mesu sluzi upravo ovoj svrsi (Honikel,
1999), ali i u razvojnim istrazivanjima kada se dobi-
jeni podaci koriste za analizu uspesnosti primenjenih
postupaka—operacija (Petrovi¢ i Manojlovi¢, 1999)

Objektivno predvidanje i/ili utvrdivanje te-
hnoloskog kvaliteta mesa najceS¢e podrazumeva
merenje navedenih faktora kvaliteta: temperature,
vrednosti pH, sposobnosti vezivanja vode (gubitak
mase cedenjem) i boje.

Merenje temperature je prema Honikel-u (2002),
za svinjsko meso sa sertifikatom u Nemackoj oba-
vezno. Prilikom smestaja svinja u klanicu rektalna
temperatura mora da bude niza od 39,2°C (kriteri-
jum za dobrobit Zivotinja), odnosno da bi se dobio
pecat kontrolisanog kvaliteta svinjskog mesa, pre
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hladenja, odnosno 45 minuta post mortem, u dubini
buta tremperatura mora da bude niza od 40,0°C.

Nasi podaci govore da je u brojnim merenjima
u naSim pogonima industrije mesa registrovana
prosecna Ti, po pravilu, znatno visa od 40 °C (Pe-
trovi¢, 2005; 2008) i krece se od 41,6 °C (Tomovic i
sar., 2008) do 42,7 °C (Jankovi¢, 2008), §to govori o
izostanku bilo kakvih korektivnih mera u postupku
sa zivotinjama u operacijama pretklanja (dobrobit
zivotinja).

Vremenom je vrednost pH postala nezaobila-
zan podatak u ocenjivanju kvaliteta mesa pa se odre-
duje, moze se reci, pri svakom ispitivanju kvaliteta
mesa (Raheli¢, 1987). Merenje vrednosti pH je naj-
direktniji nacin da se dobiju informacije o svojstvi-
ma kvaliteta mesa (Honikel, 1999).

Vrednost pH kao faktor kvaliteta mesa je vrlo
znaca jna, jer, direktno ili indirektno, utice i na druga
svojstva mesa kao S§to su: sposobnost vezivanja
vode, boja, mekoca, ukus, odrzivost i dr. Vrednost

pH treba meriti u raznim fazama tokom, pre i post
rigor perioda. Izuzetan znacaj pridaje se vrednosti
pH utvrdenoj u prvom satu post mortem (Hofinann,
1986; Manojlovi¢ i Raheli¢, 1987; Honikel, 1999).

Posle 24 Casa vrednost pHk ne bi smela da
bude niza od 5,4. Izuzetno niske vrednosti pHk
uzrokuju veliki gubitak mase cedenjem, dok, s druge
strane, vrednost pHk visa od 5,85 skracuje odrzivost
svinjskog mesa (Rede i Petrovic, 1997).

Istrazivaci, medutim, ne koriste uvek iste gra-
ni¢ne vrednosti pHi i pHk za utvrdivanje kategorija
kvaliteta svinjskog mesa (BMV, CMV, CCN, BCN i
TCS). Primera graniénih vrednosti pH u literaturi ima
mnogo, a samo neki od njih su prikazani u tabeli 2.

Sposobnost vezivanja vode, koja se uglavnom
odreduje 24 casa post mortem, odnosno kada je
proizvodnja svinjskog mesa zavrSena, u kombinaciji
sa ostalim faktorima kvaliteta (vrednost pH, boja)
Cesto se koristi kao faktor kvaliteta mesa (Manojlovi¢
i Rahelié¢, 1987; Honikel, 1999).

Tabela 2. Kriterijumi za vrednost pH prema kojima se svinjsko meso razvrstava u razlicite kategorije kvaliteta
Table 2. Criteria for pH values according to which pork is classifild into various categories

Autori Kvalitet mesa pHi (pH,,) pH,, pHk (pH,,,)
Honikel i Fischer (1977) BMV <5,9
Kellner i sar. (1979) BMV <57
g BMV <59
Manojlovié¢ (1982) TS > 63
BMV <6,0
CMV <6,0
Kauffman i sar. (1992) CCN <6,0
BCN <6,0
TCS > 6,0
BMV <6,0
. CMV <6,0
Warner i sar. (1997) CCN <6.0
TCS > 6,0
BMV <58
) CMV <58
Toldra i Flores (2000) CEN 58
TCS > 6,0
BMV <58
Tomovic (2002) CMV 5,8-6,0
CCN > 6.0
BMV <58 <6,2
<
Dzini¢ (2005) CMV >.8 <62
Petrovié (2008) CCN >5.8 <6,2
etrovie BCN >5.8 <62
TCS >5,8 >6,2
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S obzirom na Cinjenicu da se za odredivanje su prikazani samo neki od kriterijuma za sposobnost
sposobnosti vezivanje vode koristi viSe metoda i vi- vezivanja vode prema kojima se svinjsko meso raz-
Se nacina izrazavanja dobijenih rezultata, u tabeli 3. vrstava u razlicite kategorije kvaliteta.

Tabela 3. Kriterijumi za sposobnost vezivanja vode prema kojima se svinjsko meso razvrstava
u razli¢ite kategorije kvaliteta
Table 3. Criteria for water holding capacity according to which pork is classified
into various quality categories

. “bag” metod Metoda kompresije
. Kwvalitet s " =
Autori mesa (““drip loss™) % vezane cm’—povrsina
(%)* vode ovlazena sokom
Honikel i Fischer (1977) BMV >5
Kellner i sar. (1979) BMV >10
BMV >5
CMV >5
Kauffman i sar. (1992) CCN <5
BQN <5
TCS <5
BMV >17.5
L. CMV >17.5
Kim i sar. (1996) CC:?N <75
TCS <5,5
BMV >5
. CMV >5
Warner i sar. (1997) C(?N <5
TCS <5
BMV > 6
. CMV >6
Joo i sar. (1999) C(V;N <6
TCS <6
BMV >6
. CMV > 6
Toldra i Flores (2000) CEN <6
TCS <3
BMV <50
Tomovic (2002) CMV 50—-60
CCN > 60
BMV <50 >12
., CMV 50—-60 12-10
Petrovic (2002) CEN 6070 10-5
TCS > 70 <5
BMV <50
CMV <50
Dzini¢ (2005) CCN > 50
BCN > 50
TCS > 50
BMV <50
CMV <50
Petrovic (2008) CCN 50-60
BQN > 60
TCS > 65
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Od mnogobrojnih faktora koji uslovljavaju bo-
ju svinjskog mesa najznacajniji je sadrzaj pigmenata
u momentu smrti Zivotinje. Osnovni nosilac boje je
sarkoplazmatski protein — pigment mioglobin (Mb),
koji mi$i¢ boji crveno, a funkcija mu je reverzibilno
vezivanje kiseonika (Rede i Petrovi¢, 1997; Mancini
i Hunt, 2005).

Medutim, pored sadrzaja mioglobina i ostalih
proteina (hemoglobin i citohrom C), na boju mesa
utice i niz drugih pre- (vrsta i rasa zivotinje, uslovi
drzanja — ishrana, starost, godis$nje doba, operacije
pretklanja, vrsta miSi¢a) i postmortalnih faktora
(Mancini i Hunt, 2005, Dzini¢, 2005; Tomovic¢ i sar.,
2008; Tomovic, 2009).

Boja mesa moze da se odredi senzorno i in-
strumentalno. Instrumentalno odredivanje boje za-
sniva se na merenju refleksije svetlosti odredenih
talasnih duzina sa povrSine mesa (Manojlovi¢ i
Raheli¢, 1987). Za instrumentalno odredivanje boje

Tabela 4. Kriterijumi za boju prema kojima se
svinjsko meso razvrstava u razlicite kategorije
kvaliteta
Table 4. Criteria for water holding capacity
according to which pork is classified into various
quality categories

danas je najvise u upotrebi uredaj ,,Chroma Meter”
Japanskog proizvodaca ,,Minolta” kojim se, u razli-
¢itim sistemima (CIEL*a*b* sistem, CIE sistem;
CIE, 1976), mogu meriti razliCite karakteristike
boje. U CIEL*a*b* sistemu boja se iskazuje preko:
L* (svetlo¢a), a* (udeo crvene i zelene boje) i b*
(udeo zute i plave boje) vrednosti, dok se u CIE
sistemu boja iskazuje preko: Y (sjajnost, procenat),
C (&istoca, procenat) i A (dominantna talasna
duzina, nm) vrednosti. Svetlo¢a boje (L* vrednost
— CIEL *a*b* sistem) se, najcesce, izmerena 24 ¢asa
post mortem, u kombinaciji sa ostalim faktorima
kvaliteta (vrednost pH, sposobnost vezivanja vode),
koristi kao pokazatelj kvaliteta mesa (Manojlovié¢ i
Raheli¢, 1987; Honikel, 1999). U tabeli 4. prikazani
su neki od kriterijuma za svetlocu (L* vrednost)
prema kojima se svinjsko meso razvrstava u razlicite
kategorije kvaliteta.

TCS, 4.14

BCN, 19.35
BMV, 37.54

Autori Kvalitet | L* Vre_dnost CEN, 19.49
mesa (boja)
BMV > 50 CMV, 19.47
CMV 42-50
Kauffman i sar. (1992) ggg 4i;(5) 0 Grafikon 10. Uticaj genotipa (trorasni i
TES 1 cetvororasni hibridi) na ucestalost pojavljivanja
BMV > 55 razlic¢itog kvaliteta M. semimembranosus (n=217)
o CMV 49-55 Figure 10. Influence of genotype (three-breed and
Kim i sar. (1996) CCN 49-55 four-breed hybrids) on frequence of various quality
TCS <49 occurence M. semimembranosus (n=217)
BMV > 50
Warner i sar. (1997) (élé[;; 33:28
TCS < 42 TCS, 9.1, 9%
BMV > 50 o
. CMV <50 .
Joo i sar. (1999) CCN <50 S oo
TCS <43 2% = BON
BMV > 50 CEN, 66.25, mes
— 66%
Toldra i Flores (2000) %1}3/[;1/ 23_28 i
TCS <44 § . o
BMV > 55 Grafikon 11. Prosecan kvalitet mesa ispitanih
Tomovié¢ (2002) CMV <55 tov'lj§nika sa fg.rme ,,Cegej‘f (n=7?} kao re;gltat
CCN <55 brojnih korekcija u uzgoju, ishrani i operacijama
BMV > 50 predklanja
D#ini¢ (2005) CMV 43-50 F igulje 11..Average meatvqual.i“fy of examined
- CCN 43-50 fatterning pigs from the ,,Cenej farm (n=77) as
Petrovic (2008) BEN >50 . . :
_ the results of numerous corrections in breeding,
TCS <43 nutrition and pre slaughtering
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Na TehnoloSkom fakultetu u Novom Sadu,
vec vise decenija se na Katedri za tehnologiju mesa
izucava kvalitet svinjskog i drugih vrsta mesa i radi
na razvoju objektivnih kriterijuma i definisanju
parametara za ocenu kvaliteta mesa. 1z predocenih
tabela 2, 3. 1 4. jasno se uocava da su ve¢ vise puta
na$i kriterijumi za predoCene parametre za ocenu
kvaliteta mesa redefinisani, naravno u skladu sa
mnogobrojnim prikupljenim podacima merenja i
novim saznanjima iz literature.

Na grafikonima 10 i 11 predoc¢eni su rezultati
mnogobrojnih preduzetih mera tokom rada na
realizaciji projekta BTN 351008 (Petrovic¢ i sar,
2008) na farmi ,,Cenej“ radi poboljsanja kvaliteta
mesa. [zmenama u rasnom sastavu svinja za klanje,
odnosno povecanjem udela viselinijskih hibrida radi
povecanja prinosa mesa uocen je znacajan pad kva-
liteta mesa (grafikon 10). No, korekcijom ishrane i
postupaka u operacijama predklanja postignuto je
vidno poboljSanje kvaliteta mesa (grafikon 11).

Iako to mnogi potrosaci ne priznaju, senzorni
faktori kvaliteta su odlu¢uju¢i u potrosnji mesa
(Honikel, 1999).

Honikel (1999), (prema Hofmann, 1986) sen-
zorni kvaliteta mesa definiSe preko sledecih faktora
kvaliteta: ¢vrstine i mekoce, boje, mramoriranosti,
mirisa, ukusa i so¢nosti.

Ove faktore kvaliteta je tesko izmeriti objektivno,
ali ¢itave armije naucnika pokusavaju da razviju po-
uzdane i ponovljive senzorne metode (Honikel, 1999).

Gotovo svaki istrazivacki centar, koji se bavi
ispitivanjem kvaliteta svinjskog mesa, razvio je sop-
stveni deskriptivni sistem za senzorno ocenjivanje
svojstava mesa, koje postaje sve znacajnije sa po-
veéanjem obima plasmana mikrokonfekcioniranog
upakovanog mesa.

Za senzorno ocenjivanje ¢vrstine svezeg svinj-
skog mesa koriste se analiticki deskriptivni testovi
(linearne skale) sa razli¢itim brojem nivoa gradacije
(uglavnom sa 3 i 5 nivoa gradacije). Zajedno sa ¢vr-
stinom, gotovo, uvek se ocenjuje i vlaznost (senzorna
ocena sposobnosti vezivanja vode) (Carr i McKeith,
1998).

Boja je kombinacija vizuelno shvacene infor-
macije sadrzane u svetlosti koju reflektuje ili rasipa
uzorak (MacDougall, 1982).

Boja svinjskog mesa je svetloruzicasta (Briskey
i Kauffman, 1971), svetlocrvenoruzicasta (Lawrie,
1998), odnosno svetlocrvena (Mancini i Hunt, 2005).

Boja je, verovatno, najznacajnije svojstvo kva-
liteta mesa, jer se primecuje i ocenjuje na prvi po-
gled, te je od interesa da meso bude §to prihvatljivije
boje, kako bi ga primetili i prihvatili potrosaci (Rede
i Petrovi¢, 1997).

Tabela 5. Skale za senzorno ocenjivanje ¢vrstine i vlaznosti svinjskog mesa
Table 5. Scales for sensory for sensoric evaluation of firmness and juceness of pork

NPPC standard za &vrstinu NPPC standard za Cvrstinu i vlaznost (2000)
Ocena R - . -
i vlaznost (1991) Konzistencija (Cvrstina) Vlaznost
Vi . Meko — Vodnjikavo —
1 coma me'1_<a ! veoma povrsine preseka se lako deformisu i | na povrsini preseka se prekomerno
vodnjikava e X
vidljivo su mekane nakuplja voda
Cvrsto — Vlazno —
2 Meka i vodnjikava povrsine preseka teze da zadrze povrsine preseka se ¢ine vlaznim,
oblik sa malo ili bez slobodne vode
Veoma ¢vrsto — Suvo —
3 Neznatno ¢vrsta i vlazna povrsine preseka teze da budu na povrsini preseka nema slobodne
veoma glatke, bez promene oblika vode
4 Cvrsta i umereno suva
5 Veoma Cvrsta i suva
Tabela 6. Skale za senzorno ocenjivanje boje svinjskog mesa
Table 6. Scales for sensory evaluation of pork colour
Ocena | NPPC standard za boju (1991) NPPC standard za boju (2000) Tehnolf(;l%lliﬁ;:l;ss;;l"gl;golosh

1 Bledoruzicasto siva Bledoruzicastosiva do bela Veoma bleda
2 SivoruZziCasta SivoruZzicasta Bleda
3 CrvenoruziCasta CrvenoruziCasta Umereno ruZicasta
4 Purpurnocrvena TamnocrvenoruZiCasta CrvenoruziCasta
5 Tamnopurpurnocrvena Purpurnocrvena Tamnije crvenoruZiCasta
6 Tamno purpurnocrvena Tamno crvena
7 Veoma tamna
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Mramoriranost je pojava manjih ili ve¢ih na-
kupina masnog tkiva (intramuskularno masno tki-
vo) u rastresitom vezivnom tkivu izmedu snopica
miSi¢nih vlakana, a doprinosi pobolj$anju jestivog
kvaliteta mesa, odnosno doprinosi boljem ukusu i
poboljsava mekocu i so¢nost mesa (tabela 7). Mast
daje mesu specifi¢an pozeljan ukus. Posto se masne
¢elijice razvijaju izmedu slojeva vezivnog tkiva,
one ga razlabavljuju, §to rezultira u boljoj mekoci
mesa. Prisustvo masti u mesu pojacava salivaciju
pri zvakanju, pa se stic¢e utisak vece so¢nosti (Eike-
lenboomisar.,1996; Rede i Petrovi¢, 1997; Jeremiah
i Miller, 1998; Jelenikova i sar., 2008).

Za senzorno ocenjivanje mekoce i so¢nosti ko-
riste se analiticki deskriptivni testovi (linearne skale)
sa razli¢itim brojem nivoa gradacije (uglavnom sa 8,
odnosno 9 nivoa gradacije).

S obzirom da je nacrtom Pravilnika o kvalitetu
zaklanih svinja i kategorizaciji svinjskog mesa
(2009) definisano da se pod senzornim ispitivanjem
kvaliteta svinjskog mesa i jestivih delova zaklanih
svinja podrazumeva utvrdivanje faktora kvaliteta
koji se ispituju ¢ulom vida, ¢ulom mirisa, ¢ulom
ukusa i prstima (palpacijom) u toku proizvodnje ili
u sklopu utvrdivanja usaglasenosti kvaliteta original-
no upakovanog mesa sa ovim i drugim propisima,

Tabela 7. Skale za senzorno ocenjivanje mramoriranosti svinjskog mesa
Table 7. Scales for sensoriy evaluation of marbleness pork

NPPC standard za NPPC standard za NPPC standard za
Ocena mramoriranost mramoriranost mramoriranost
(1991) (1999) (2000)
Bez mramoriranosti do . . . .
1 o . . Bez mramoriranosti Bez mramoriranosti
prakti¢no bez mramoriranosti
2 Tragovi do neznatna Prakti¢no bez mramoriranosti Tragovi
3 Mala do skromna Tragovi Neznatna
4 Umerena do neznatno obilna Neznatna Mala
5 Umereno obilna do velika Mala Skromna
6 Skromna Umerena
7 Umerena Obilna
8 Neznatno obilna
9 Umereno obilna
10 Velika

Senzornom ocenom socnosti kuvanog mesa
manifestuju se dva senzorna dozivljaja. Prvi je uti-
sak vlaznosti tokom zvakanja i rezultat je brzog
otpustanja tecnosti iz mesa, dok je drugi zadrzana
socnost, uglavnom zbog stimulatornog efekta masti
na salivaciju (Weir, 1960).

definisani su i parametri koji se ocenjuju i data je
skala za ocenjivanje.

Ovim Pravilnikom senzorna ocena opsteg iz-
gleda obuhvata ocenu stanja ambalaze i nacina obra-
de, seCenja i oblikovanja upakovanog komada u
skladu sa propisanim zahtevima ovog Pravilnika za

taj anatomski deo.

Tabela 8. Skale za senzorno ocenjivanje neznosti (mekoce) i so¢nosti svinjskog mesa
Table 8. Scales for sensoric evaluation of tenderness (softnes) and juiceness of pork

Ocena AMSA standard za mekocu i so¢nost Tehnplogija mesa,
Tehnoloski fakultet Novi Sad
Mekoca Soc¢nost Mekoca Soc¢nost
1 Ekstremno grubo Ekstremno suvo Ekstremno grubo Ekstremno suvo
2 Veoma grubo Veoma suvo Veoma grubo Veoma suvo
3 Umereno grubo Umereno suvo Grubo Suvo
4 Neznatno grubo Neznatno suvo Umereno grubo Umereno suvo
5 Neznatno meko Neznatno so¢no Nedovoljno meko Nedovoljno socno
6 Umereno meko Umereno socno Umereno meko Umereno so¢no
7 Veoma meko Veoma so¢no Meko Socno
8 Ekstremno meko Ekstremno so¢no Veoma meko Veoma so¢no
9 Ekstremno meko Ekstremno so¢no
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Vlaznost komada mesa moze da bude: veoma
vodnjikava, vodnjikava, umereno vodnjikava, ne-
znatno vlazna, umereno vlazna, neznatno suva, ume-
reno suva i veoma suva.

Boja komada mesa moze biti: veoma bleda,
bleda, umereno ruzicasta, crvenoruzicasta, tamnije
crvenoruzicasta, tamnocrvena i veoma tamnocrvena.

Konzistencija mesa moze da bude: veoma me-
ka, odnosno povrsina preseka se moze lako defor-
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SUSTAINABILITY OF FOOD PRODUCTION

CHAIN*
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Abstract: Based on the insight of into the comprehensive actual and current investigations in the area of food produc-
tion chain suistanability in Europe and in the world, and comparative insight of situation in Serbia, this study presents structure
of investigations which have to be realized in orgder to enable the creation of prerequisites for technological development of
food production, as a significant and important branch of Serbian economy, applying sustainable principles from economic,

social, and ecological points of view.

Key words: food production chain, sustainability, objectives

Odrzivost lanca proizvodnje hrane*

Sadrzaj: Naosnovu sagledavanja sveobuhvatnosti aktuelnih istraZivanja u oblasti odrZivosti lanca proizvodnje hrane
u Evropi i svetu i poredeci situaciju u Srbiji, ovaj rad predstavija istraZivanja koja ée biti realizovana da se omoguci stvaranje
boljih preduslova za tehnoloski razvoj proizvodnje hrane, vazne i prosperitetne oblasti srpske ekonomije, primenjujuci odrzive

zahteve sa ekonomske, drustvene i ekoloske tacke gledista.

Kljuéne reci: lanac proizvodnje hrane, odrzivost

Introduction

The fundamental task of agriculture is the
production of adequate quantities of high quality
foods and raw materials of organic origin for the
existing world population and its increase of of
about 93 million people per year (Kennedy, 1993).
Ever growing demands for food production impose
the needs for more efficient managing of economic
resources that such production follows. Management
of agricultural resources is crucial for the survival of
mankind, i.e. for the economic, cultural and social
development of the society.

In Serbia, as a country with exceptional natural
resources for agricultural production, production of
food is one of the supports of technological deve-
lopment. Structure of natural resources, and also
market capacities generated from demands of parti-
cular categories of products, caused locations of
nearly 90% of food production in the structure of
chain of production and processing in segments cha-

racterized with mass production and consumption.
In the light of enviromental conditions and consumer
habits in region of Balkans, the food production
chain that could be considered as mass production,
can be divided into:

e basic field crops and basic products of their

processing (wheat, corn, sunflower, soy),
e mass-produced animal species and products
of their processing (pigs, cattle, poultry).

High participation of the mentioned products in
the gross production of agro-industrial sector, as well
as high degree of exploitation of natural resources
through the realization of the mass production of
food, sets as imperative serious approach to the
realization of all necessary activities in the shortest
possible time. On the level of mass production of
food, this should follow steps of sustainable te-
chnological development that are going to solve
the existing problems, introduce necessary develop-
mental solutions and provide conditions for strategic
approach to projecting and managing this enormous
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segment of the agro-industrial which is, from the as-
pects of characteristics of natural resources and ma-
rket demands, irreplaceable and obligatory. (Meyer,
2007).

Large volume of production, which is con-
centrated in the chain of mass production of food
is, at the same time, a source of significant losses
characterised by weak links in chains of production,
processing and distribution. However, there are po-
tential points of significant improvement and con-
tribution to the national economy, environmental
protection and competitiveness of this group of
goods at the world market (Rowe et. al., 2007).

Investigations and general practice in Serbia
and in the world

Trends of investigations concerned with tec-
hnological development of food production in
Europe and world-wide evolved during the past se-
veral decades: beginning with investigations predo-
minantly oriented to solutions aimed at production
of'adequate quantities of quality food that characteri-
zed first half of the last century; followed by studies
oriented to improvements of food quality and safety
during the last decades of 20th century, to the shift of
focus on sustainability of food production chain as a
whole at the beginning of the new millennium (Risku
and Maenpaa, 2007).

The word ,,sustainability in its broadest sen-
se, which is used in the present study, means ,,the
production which ensures that demands of the
inhabitants and the market set towards natural envi-
ronment are achivable, without diminishing the ca-
pacities of the environment to satisfy the needs of
future generations, where sustainability of each
system and also of system of the food production
chain demands equal consideration of economic,
ecological and social aspects of sustainability.

The structure of European technological plat-
form ,,Food for life* and priorities of investigations
and the technological development that are there de-
fined demonstrates the evident shift of focus of Euro-
pean investigations, as well as of European and even
world processes of technological development from
domains of development of new and improvement
of the existing singular technologies to the trend of
recognition of food production chain as the whole,
from points of view of efficient management with
tendencies in all segments and especially the trend
of the all-including investigation and defining of all
aspects of sustainability of food production chain
and mutual interconnection and dependence of all of
its segments. European technology platform FOOD
FOR LIFE (http://etp.ciaa.be) is developed by teams

of the most eminent European experts and it makes
the basis for determining the structure of future acti-
vities in R&D projects, as well as in orientation of
trends of technological developments in production
of foods in general. Sustainable production of food,
which is in the European technological platform stat-
ed as one of'its principal aims, defines diversification
of focuses of investigations on:

e development of sustainability of food pro-
duction and distribution chains in Europe;

e claboration of scenarios of future sustaina-
ble food production and provision systems;

e development of systems of sustainable pro-
duction, preservation, packaging and distri-
bution;

e ensuring sustainable primary production of
food in Europe;

e development of consumers' understanding
and their relations with sustainability in the
food production.

On the basis of European technology platform
FOOD FOR LIFE, in almost all European countries
teams of the most eminent experts have defined, on
multidisciplinary foundations, national technologi-
cal platforms, where aspect of sustainability of
food production chain was positioned in light of the
existing problems and developmental potentials of
each country.

In Serbia, there is awarness of the necessities
of establishing technological development on the
sustainable basis at the highest level, put together
in the Strategy of Sutainable Development of the
Republic of Serbia (http://www.odrzivi-razvoj.
sr.gov.yu), which went through the public discussion
phase and which is expected to be adopted soon.
The text of this document does not apply directly on
sustainability of chain of mass production of food,
but deals with respect on the explained imperatives
connected with natural resources, the place of mass
production of food in national economy and its
significance for each individual as consumer. High
quality, applicable and all-including investigations
in this domain will be necessary for the implementa-
tion of this strategy.

Protection and improvement of environment,
as well as rational use of natural resources, apear
as one of priorities of this startegy, what is, to a
great degree, directly linked with the mentioned
problems concerning mass food production chain.
Insisting on protection and improvement of system
of enviromental protection, decreasing pollution
and pressures on the environment, use of natural re-
sources in a way which will assure their availability
for future generations indicate that establishing a
system of protection and sustainable use of natural
resources, including soil as starting resource of mass
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production of food, will have unequivocal priority,
but also the unequivocal necessity for intensive
research activities.

Considering agriculture and production of fo-
ods, general objective of sustainable development
is the creation of economically feasible and ecologi-
cally acceptable production, which is capable of
entering the European market, including introducti-
on of organic agriculture. Among many important
priorities, Strategy of Sustainable Development of
Serbia insists on the following priorities:

e investigations of potentials of renewable
energy resources, with aims of their veri-
fication and more real balancing;

e defining the optimal approach to constructi-
on and/or reconstruction of the industrial
infrastructure oriented to enviromental pro-
tection;

e introducing ,.cleaner production and im-
provements of energy and raw materials
efficiency, with simultaneous decrease of
quantities of wastes.

The degree of mutual effects of individual links
in chain of mass production of food and their mutual
interactions with market and with the environment is
shown in Figure 1.

Chain of the mass production of food

Chain of mass production of food, perceived
in the manner and with segments which have to be
recognized, analyzed and synthesized as integral
sustainable system is shown in Figure 2. On the
basis of experiences of multidisciplinary and high-
ly specialized team of researchers, conception of
project named “Sustainability of chain of mass pro-
duction of food” was realized, is on going and was
accepted for financing by the Ministry of Science
and Technological Development for the period
2008-2010. Within this project critical points are
addressed, which represent objects of investigating
activities that have to assure optimal effects on
technological development, with respects of in-
dividual improvements, but also with respect of
improvement of sustainability of chain of mass pro-
duction of food as the whole.

The very first link in the chain of mass pro-
duction of food is primary agricultural production.
Optimization of conjunction between primary agri-
cultural production and processing of primary agri-
cultural products represents first focus point for
realization of significant improvements of sustaina-
bility of mass production of food.

Figure 1. Large scale food production chain in the environment with flows of raw materials, by-products,
products and wastes
Slika 1. Lanac masovne proizvodnje hrane u Zivotnoj sredini sa Sematskim prikazom tokova sirovina,
sporednih i finalnih proizvoda
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Figure 2. Large scale food production chain with focused critical points
Slika 2. Lanac masovne proizvodnje hrane sa fokusiranim kriticnim tackama

Chain of mass production of food includes
great losses, but also the huge possibilities for
potential improvements in optimization of the use
of by products that appear in primary agricultural
production, as well as in plants for mass processing
of foods (Green and Foster, 2005). Two directions
of investigations are oriented to improvements of
safety, and nutritive properties of animal feeds on
one, and improvement of assortment and quality of
products and by-products of slaughterhouse industry
from the other side.

Sustainable management with the use of by-
products, and especially of primary agricultural
products for alternative purposes, meaning predomi-
nantly the production of biofuels which represents
backbone of numerous investigations in the world,
in this project are covered by investigational task

AGRICULTURAL PRODUCTS AND BYPRO-
DUCTS FROM PRODUCTION AND PROCES-
SING OF FOOD AS RAW MATERIAL IN ENER-
GY AND OTHER ALTERNATIVE FORMS OF
PROCESSING, where they will be evaluated.
Important aspects of sustainability of mass
production of food chain, which must be recognized
through integral research of the effects of chain of
mass production of food on the environment (He-
nningsson, 2004), effluents in the chain of mass
production of food will be realized, through inve-
stigations of quantities and compositions of the most
significant effluents, analyze of potential risks for the
environment and development of sustainable solutions
of registered problems on their macro level.
Sustainability of system of management, safety,
quality and environmental protection processes
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belonging to the chain of mass production of food,
depends mostly on the availability of research meth-
ods (Gerbens et. al., 2003), which enable realization
of the corresponding parameter measurements du-
ring entire production, processing and distribution
phases, with application of investigation methods,
whose application is sustainable regarding efficiency
of obtaining results, costs of the performed tests and
scientific impact. In modern research, sustainable
production of food is often connected with production
of foods based on principles of organic production.
Intended investigations, focused on individual
aspects of sustainability of mass food production
chain, can be positioned in implementation of the ob-
tained, results so that they veritably contribute to the
technological development over integral contribution
to sustainability of chain of mass production of food
only after their mutual complementarities have been
assured through agroeconomic analysis of model of
sustainable chain of the mass production of foods.

Meat industry — part of the food mass
production chain

Meat industry is an important link in the food
production chain. Together with intensification of
the production process and with production of the
even larger quantities of meats, problems with dead
animals and accumulation of slaughterhouse wastes
also emerge (Table 1).

Solution of the problem of harmless removal of
waste products of animal origin, are of exceptional
economic importance, today, it is irreplaceable ve-
terinary-sanitary and preventive usage in the sup-
pression of catlle infections and zoonoses and spe-
cial attention is paid to environmental protection and
rehabilitation.

Table 1. Slaughter and Animal Wastes Quantities in
Serbia in 2007 (Statistical Office of RS)
Tabela 1. Klanje stoke i koli¢ina animalnog

otpada u Srbiji u 2007 godini (RZ za statistiku)

Origin of Slaughter Wastes,
wastes metric tons
Cattle 491 000 21990
Swines 6 553 000 47 068
Sheep 1 066 000 7627
Poultry 45 942 27 565
TOTAL 104 250

Quantity of animal waste which appear in cir-
culation of goods (raw meat, intestines, cured pro-
ducts, sausages, fat) as well as quantity of animal

corpses which can be collected, should be added to
this quantity. If the production of livestock and meat
industry is not going to change drastically, there are
125.000 t of animal by-products annualy, or cca 496
t daily, which should be harmlessly removed.

Importance of safe disposal of animal by
products

Necessity of solution of safe disposal of animal
by-products by their utilization with processing into
animal feed and bioenergents, grows with the inten-
sification of animal growing and the increasing of
capacities of industrial slaughterhouses, constructi-
on of new small slaughterhouses, building of plants
for meat processing and increasing of the volume of
international trade of commercial animal products
(Okanovi¢ et al., 2006). Correct solution of safe
disposal of animal by-products can be seen from
three key aspects that should fulfill the technological
solutions for solving of disposal of such materials by
their processing, namely: from the epidemiologic-
-epizoothiologic aspect, with the aspect of environ-
ment protection, and the economic aspect.

According to Risti¢ et al., (1996; 2000), without
any doubt, the newest and the best method of safe
disposal of animal wastes is their technical processing
in separate categories into products for chemical
industry, bio-fuels and feed for specific animals.

Prerequisite for safe disposal of animal wastes,
using one of the described methods is organized co-
llection and delivery of raw materials. Modern dis-
posal of waste materials demands orderly constructed
plants with adequate capacities, which should assure
permanent and continuous supply of raw materials.
This confirms the importance of recognizing the raw
materials fundaments for each object, i.e. organizing
of epizoothiologically and economically acceptable
region, which should enable obtaining adequate
quantities of animal wastes leading to designing and
construction of modern object for their safe disposal
(Okanovié¢ et al., 2008a).

In such collecting circle, organizing of collecti-
on of animal wastes represents a very delicate pro-
blem, from whose solution to a large extent depends
the successful operation of the plant that is going to
process such raw materials. This problem, in any case,
has to take into consideration both, plant that proceses
raw materials of animal origin or cattle-growing farms,
and slaughterhouses that generate such raw materials.
Also, important role in solving of the problem have
local municipal communities. They are, according
to the existing legislative rules on suppression of
contageous diseases, obliged to organize safe disposal
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Scheme 1. Organizing of collection, storage and safe disposal of animal waste.
Shema 1. Organizacija sakupljanja, skladistenja, i neSkodljivog uklanjanja animalnog otpada

of animal wastes in their region. In other words,
organizing the collecton of mentioned raw materials
should be based on contractual linking of plants for
safe disposal and processing of animal wastes and
local municipal communities or their corresponding
organizations (slaughterhouses, animal farms etc.)
(Risti¢ et al., 2003).

The emphasis on the necessity of transferring
of animal wastes from the place where they were
generated to the storaging place as fast as possible,
is of grate importance, as well as the necessity of
rapid performing procedure of their processing. This
is very significant, not only from the epidemiologic-
epizoothiologic aspect, or from environmental pro-
tection aspects, but also from the aspect of their
technical processing. Namely, fresh raw materials
are processed more easily with generation of lower
quantities of waste gases and obtaining of better
quality products (Risti¢ et al., 2007).

Safe disposal of the described animal waste
(material Category 1) by combustion on high tem-
peratures (over 850°C) enables obtaining of warm
water or steam, as an energent for processing plant
that use warm water or steam and ash as construction
material for roads.

We shall mention only that, with the respecting
procedures of blood collection and its technological
processing, various articles for human use can be
obtained, primarily products which are used as
functional additives in manufacture of meat pro-
ducts. Special processing procedures enable their
use as raw materials in pharmaceutical industry or
for production of functional foods (Matekalo-Sverak
et al. 2007).

On the other hand, industrial waste blood can
be collected and processed using corresponding
technological procedure in a plant for processing of
other animal by-products, using special processing
unit. Such a one procedure enables obtaining of feed
with high protein content, which contains, mostly,
high quantities of essential amino acids, vitamins and
mineral substances, and, particularly, iron (Okanovi¢
et al., 2008b, Ristic¢ et al., 2008).

Articles (meat- and bone meal and fat) obtained
by processing of Category 1 of materials are suitable
for use as fuel, i.e. as fuel for direct combustion in
architecturally separated objects, respecting the cor-
responding legislative rules.
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SUSTAINABILITY OF FOOD PRODUCTION CHAIN

Odrzivost lanca proizvodnje hrane

Conclusions

Economic and general development of the Re-
public of Serbia should be more based on the orga-
nized investigations and development that should
produce permanent technological development thro-
ugh the improvement of the existing and creation
of new technologies, as well as of new products,
processes and services on sustainable foundations
which implies their economic, social and above of
all, ecological feasibility.

In order to achieve these goals is it necessary to
concentrate on:

1. Multidisciplinary research oriented on solv-
ing realistic problems which represent bra-
kes for technological development in nume-
rous points of the mass production of food
and the necessity of extraordinary large
number of economy subjects;

2. Systematic investigations, integrated with
all their interrelations and reservations,
which assure that these goals are not going
to be performed through partial skips in
technological development, but through the
sustainable solutions, which should bring
long-lasting technological development and
prosperity;

3. Focused investigations oriented above all
on allready existing problems.
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DIE BEDEUTUNG DER SENSORIK ALS
KRITERIUM DER FLEISCHQUALITAT - EIN
VERGLEICH ZWISCHEN VERSCHIEDENEN
FLEISCHARTEN UND -ERZEUGNISSEN*

Ristic, M.

Kurzer ueberblik: Fiir die Erfassung des Genusswertes ist der Mensch das wichtigste ,, Messinstrument, der
mit seinen Sinnen, wie z.B. Sehsinn, Geruch, Geschmack, Tastsinn zu einer sensorischen Priifung beitragen kann. Bei verschie-
denen Tierarten sind bestimmte Einflussfaktoren fiir die Fleischqualitdt wichtig. Beim Gefliigelfleisch spielt die Mastintensitdt
und —dauer eine tragende Rolle. Die Rasse und Rassenkreuzungen, sowie Endmastgewichte sind beim Schweinefleisch
entscheidend und bei der Rindfleischqualitit sind es ebenfalls die Rasse, Mastintensitdt, -verfahren (Stall- und Weidemast),
sowie Schlachtalter und Kategorien. Fiir die sensorische Analyse stand eine semantisch-nummerische Intervallskala zur
Verfiigung (1 bis 6), in der eine héhere Punktzahl Ausdruck fiir eine bessere Bewertung ist. Dabei wurde mit geschulten Priifern
auf Saftigkeit, Zartheit, Aroma und Gesamteindruck gepriift.

Schliisselworter: Genusswert, Sensorik, Gefliigel, Schwein, Rind, Lamm, Fleischerzeugnisse

The meaning of sensory evaluation as a criterion for meat quality - A comparison of different
meat (products)

Abstract Man is the most important measure for the recording of taste value because he can perform a sensory
evaluation with his senses (sense of vision, aroma, taste, sense of touch). For different animal species, certain factors are
important for meat quality. For poultry meat, feeding intensity and feeding duration play an important role. Breed and
crossbreeding as well as live weight class are decisive for pork< for beef again it is breed, feeding intensity, method of feeding
(stable or range land), slaughter age and categories. Semantic-numeric interval scale ranging from 1 to 6 is available, for
sensory analysis where a higher number of stands stands for a better evaluation. An expert panel surveyed with respect to
Juiciness, tenderness, flavour and overall impression.

Key words: taste value, sensory evaluation, poultry, pork, beef, lamb, meat products

Znacaj senzorne ocene kao kriterijuma kvaliteta mesa — poredenje izmedu razli¢itih vrsta
mesa i proizvoda od mesa

Sadrzaj: Za shvatanje prihvatljivosti, covek je najvazniji ,,instrument merenja“, koji svojim culima, kao Sto su, na
primer, culo vida, mirisa, ukusa i dodira mozZe doprineti senzorskom ispitivanju. Kod razlicitih vrsta Zivotinja, od znacaja su
razliciti faktori koji uticu na kvalitet mesa. U slucaju mesa Zivine, osnovnu ulogu imaju intenzitet i trajanje tova. Odlucujuci
faktori za kvalitet svinjskog mesa su rase i melezi i masa na kraju tova, a kod govedeg mesa, osim rase, intenzitet tova, postupak
gajenja (stajski ili pasnjacki), kao i starost i kategorija prilikom klanja. Za senzorsku analizu koriste se semanticko-numericke
skale sa intervalima od 1 do 6, pri cemu veci broj predstavija bolju vrednost.

Kljucéne reci: prihvatljivost, senzorika, Zivina, svinja, govece, jagnje, proizvodi od mesa

Einleitung im Hinblick auf Farbe und Form, der Geruchsinn,
der Geschmackssinn und der Tastsinn. Nach Hoff-
Der Genusswert umfasst alle Kriterien, die mann (1973, 1995) wird die Fleischqualitit definiert

beim Genieflen eines Lebensmittels zum Tragen als die ,,Summe aller sensorischen, erndhrungs-
kommen und mit den Sinnen erfasst werden. Dabei -physiologischen, hygienisch-toxikologischen und
treten sdmtliche Sinne in Aktion: der Gesichtssinn verarbeitungstechnologischen Eigenschaften des

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTOR: Milan Ristic, milan.ristic@mri.bund.de, Max Rubner-Institut (MRI) Kulmbach, Bundesforschungsinstitut fiir Ernéhrung und
Lebensmittel, E.-C.-Baumann-Str. 20, 95326, Deutschland
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Fleisches®. Die physikalischen Kriterien gleich nach
der Schlachtung spielen dabei eine wichtige Rolle
zur Erfassung der Fleischqualitit (Honikel, 2000).
Fiir die Verbraucher sind die sensorischen Kriterien
des Fleisches von grofler Bedeutung. Hierbei werden
verschiedene Priifverfahren angewandt (Hammer,
2006; DIN, DLG). Fiir die Erfassung des Genuss-
wertes ist der Mensch das wichtigste ,,Messinstru-
ment“, da der entscheidende Teil der Priifung mit
seinen Sinnen (Augen, Geruch, Geschmack, Tastsinn,
Temperatur- und Schmerzempfinden, sowie weiteren
Sinnen) durchgefiihrt wird (Ristic, 1988).

Material und Methoden

Gefliigelfleisch

Als Versuchsmaterial standen Proben von Bro-
ilern (n=2154) aus verschiedenen Versuchsreihen,
die sich iiber einen Zeitraum von 15 Jahren erstreck-
ten, verschiedener Herkiinfte und beider Geschlech-
ter zur Verfiigung. Ebenfalls wurden die sensorisch-
en Daten von Broilern mit verschiedenen Herkiinften
(ASA, AA, Hybro, Lohmann, Ross, Shaver, Pilch,
Peterson, Cobb) aus den bayerischen Mastleistung-
spriifungen in Kitzingen erfasst (n=1000). Die Mast-
dauer betrug 5-6 Wochen. Vergleichsweise wurden
die Daten aus der konventionellen (Ross 308, 5
Wochen) und aus der okologischen Produktion
(RedBro/Shaver, 10 Wochen) herangezogen. Vor der
sensorischen Priifung wurden die Proben des Brust-
-und Schenkelfleisches in Alufolie verpackt und
im Plattenkontaktgrill bis zu einer Kerntemperatur
von 75°C erhitzt. Jeweils wurden 10 Proben aus
verschiedenen Versuchsgruppen in zufilliger Rei-
henfolge von einem geschulten Testpanel, bestehend
aus 6 Priifern, bewertet. Der sensorischen Priifung
lag eine semantisch-nummerische Intervallskala
von 6 bis 1 zugrunde, in der eine hohere Punktzahl
Ausdruck fiir die bessere Bewertung ist. Die Pro-
ben wurden auf Saftigkeit, Zartheit, Aroma und
Gesamteindruck gepriift (Ristic, 1983). Proben von
Schwein- und Rindfleisch wurden der gleichen Be-
handlung unterzogen. Weitere ausfiihrliche Infor-
mationen iiber Lebensmittelsensorik sind bei Hilde-
brandt (2008) zu finden.

Bei der statistischen Auswertung werden die
einzelnen Punkte von Priifern zuerst mittels des
arithmetischen Mittelwertes oder des Zentralwertes
(Median) berechnet. Fiir die weitere Berechnung
kann die Varianzanalyse herangezogen werden.
Der multiple Mittelwertvergleich erfolgt durch den
Tukey-Test. Signifikante Unterschiede (p<0,05)
werden mit unterschiedlichen Buchstaben gekenn-
zeichnet.

Versuchsergebnisse und Diskussion

Gefliigelfleisch
Broiler

Tabelle 1 gibt Uberblick iiber die sensorischen
Daten des Brustfleisches aus verschiedenen Versu-
chsreihen von Broilern (n=2154). Bei der Saftig-
keit ergab sich eine Intervallskala von 3,8 bis 4,9,
d.h. die gepriiften Proben waren zwischen etwas
saftig bis saftig. Der Gesamtmittelwert aller 13 Ver-
suchsreihen lag bei 4,4. Die Bewertungsnoten der
Zartheit erreichten ein Qualitdtsniveau zwischen
5,0 und 5,7, was sehr zartem Fleisch entspricht.
Bei Aroma und Gesamteindruck lag die Bewertung
zwischen 3,9 bis 4,7, bzw. zwischen 4,1 bis 4,7.
Werden die Gesamtmittelwerte der oben genannten
Daten mit den Daten aus der heutigen konventio-
nellen bzw. okologischen Produktion verglichen
(n=200), so ergibt sich eine Verbesserung bei den
Daten der konventionellen Produktion, die von
Broilern (Ross 308) stammen. Dagegen trat bei der
okologischen Produktion (RedBro) eine Versch-
lechterung dieser Daten auf. Die Saftigkeit des
Schenkelfleisches fiihrte zu einer giinstigeren Be-
wertung (4,3 bis 5,0, Tab. 2). Die Zartheit lag in
einem Messbereich zwischen 4,9 bis 5,4. Die Noten
fir Aroma und Gesamteindruck bewegten sich
auf fast gleichem Niveau (3,5 bis 4,4 bzw. 3,7 bis
4,5). Die sensorischen Noten des Schenkelfleisches
aus der konventionellen Produktion waren giin-
stiger im Vergleich zum Gesamtmittelwert. Bei
der oOkologischen Produktion ergab sich wieder-
um eine schlechtere Bewertung. Werden die senso-
rischen Daten des Brustfleisches mit denen des
Schenkelfleisches verglichen, sokannman feststellen,
dass das Schenkelfleisch eine bessere Saftigkeit
aufwies, das Brustfleisch dagegen bei Zartheit, Aro-
ma und Gesamteindruck besser abschnitt.

In mehreren bayerischen Mastleistungsprii-
fungen wurden 9 Herkiinfte (n=1000) verglichen.
Gleichzeitig fiihrte man bei diesem Material auch
eine sensorische Analyse durch (Tab. 3). Die hochste
Bewertung der Saftigkeit des Brustfleisches bekam
die Herkunft Cobb 500 mit 4,7. Die Herkiinfte Sha-
ver und Cobb 500 erreichten fiir die Zartheit Noten
von 5,5. Die giinstigsten Noten fiir Aroma lagen bei
4,5 (Lohmann, Shaver) und beim Gesamteindruck
ebenfalls bei 4,5 (AA, Lohmann, Shaver, Cobb
500). Die Herkunft Peterson erzielte die hochste
Bewertung bei der Saftigkeit (4,9) und der Zartheit
(5,4) des Schenkelfleisches (Tab. 4). Die Broiler
Cobb 500 schnitten bei Aroma mit 4,2 und dem
Gesamteindruck 4,3 als beste ab. Auch hier lief3 sich
feststellen, dass die Saftigkeit des Schenkelfleisches
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Tab. 1: Sensorische Daten des Brustfleisches” (n=2154 bzw. 200; Ristic 2009)
Tabela 1. Senzorski podaci o mesu grudi (n=2154 bzw. 200; Ristic 2009)

i Saftigkeit Zartheit Aroma Gesamteindruck
Versuchsreihe
0 ] 0 ] 0 ] 0 ]
A 4,6 0,5 5,0 0,4 4,7 0,5 4,7 0,4
B 4,4 0,4 5,1 0,4 4,2 0,6 4,3 0,5
C 3,8 0,5 5,1 0,4 4,1 0,4 4,1 0,4
D 4,2 0,5 5,2 0,4 4,2 0,5 4,3 0,5
E 4.4 0,5 53 0,3 4,3 0,4 4.4 0,4
F 4,6 0,5 5,4 0,3 4,2 0,5 4.4 0,4
G 4,7 0,5 5,3 0,3 4,4 0,4 4,5 0,4
H 4,1 0,5 5,3 0,3 3,9 0,5 4,1 0,5
I 4,8 0,6 5,5 0,4 4,0 0,8 4,2 0,8
J 4,9 0,4 5,7 0,2 4,5 0,6 4,6 0,5
K 4,6 0,4 5,3 0,3 4,3 0,4 4,5 0,3
L 4,4 0,7 5,4 0,3 4,4 0,6 4,5 0,5
M 4,0 0,6 5,0 0,5 4,2 0,6 4,3 0,5
0 Gesamt 4.4 0,6 5,2 0,4 4,3 0,6 4,4 0,5
Konvention. Produktion 4.5 0,5 52 0,4 4,7 0,5 4,7 04
Okolog. Produktion 3.8 0,6 5,0 0,5 42 0,4 43 0,5

D Semantisch-nummerische Intervallskala von 1 (sehr unbefriedigend) bis 6 (hervorragend)

Tab. 2: Sensorische Daten des Schenkelfleisches (n=2154 bzw. 200; Ristic, 2009)
Tabela 2. Senzorski podaci o mesu bataka (n=2154 bzw. 200; Ristic, 2009)

i Saftigkeit Zartheit Aroma Gesamteindruck
Versuchsreihe
0 ] 0 ] 0 ] 0 ]
A 4,7 0,4 5,0 0,3 4,3 0,5 4,5 0,4
B 4,9 0,4 5,0 0,3 3,8 0,7 3,9 0,6
C 4,3 0,4 5,0 0,3 3,5 0,5 3,7 0,5
D 4,8 0,4 5,2 0,4 3,9 0,7 4,1 0,7
E 4,4 0,4 5,0 0,3 3,9 0,4 4,0 0,4
F 4,9 0,4 5,2 0,4 3,9 0,6 4,1 0,5
G 5,0 0,4 5,4 0,3 4,4 0,5 4,5 0,4
H 4,9 0,4 5,4 0,3 4,0 0,5 4,2 0,5
I 4,7 0,4 52 0,4 3,8 0,6 4,0 0,5
J 4,8 0,4 5,3 0,3 4,2 0,5 4,3 0,5
K 4,7 0,4 5,1 0,3 4,2 0,5 4,3 0,4
L 4,6 0,4 4,9 0,4 4,2 0,5 4,3 0,5
M 4,3 0,6 4,5 0,6 3,9 0,6 4,0 0,6
0 Gesamt 4,7 0,4 5,1 0,4 4,0 0,6 4,2 0,6
Konvention. Produktion 49 0,6 5,2 0,5 43 0,4 4.7 0,5
Okolog. Produktion 4.3 0,5 4.4 0,6 3,8 0,5 4,2 0,5
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giinstiger bewertet wurde im Vergleich zum Brust-
fleisch; dagegen waren die Zartheit, Aroma und
Gesamteindruck beim Brustfleisch besser.

der Firma Grimaud und Brinkmann) und Mularden
(HYTOP 42) wurden Unterschiede gefunden (Ristic
et al., 2006). Eine sehr deutliche Abstufung fand bei

Tab. 3: Sensorische Daten des Brustfleisches verschiedener Herkiinfte (n=1000; Ristic, 2009)
Tabela 3. Senzorski podaci za meso grudi razliitih provenijencija (n=1000; Ristic, 2009)

Herkunft Saftigkeit Zartheit Aroma Gesamteindruck

0 S 0 ] 0 ] 0 ]
ASA 4,4 0,5 5,3 0,4 4,3 0,5 4,4 0,4
AA 4.5 0,6 5,2 0,3 4,4 0,5 4,5 0,5
Hybro 4.4 0,6 5,2 0,4 4,2 0,5 4,3 0,4
Lohmann 4.5 0,7 5,2 0.4 4.5 0,6 4.5 0,6
Ross 4.4 0,6 5,4 0,4 4,3 0,5 4,4 0,5
Shaver 4,6 0,6 5,5 0,4 4,5 0,5 4,5 0,5
Pilch 4,5 0,5 5,4 0,3 4,0 0,6 4,1 0,5
Peterson 4,4 0,5 5,3 0,4 4,0 0,5 4,2 0,6
Cobb 500 4,7 0,5 5,5 0,3 4.4 0,5 4,5 0,4
F_Wert sksksk skskk sksksk sksksk

Tab. 4: Sensorische Daten des Schenkelfleisches verschiedener Herkiinfte (n=1000; Ristic, 2009)

Tabela 4. Senzorski podaci za meso bataka (n=1000; Ristic, 2009)

Saftigkeit Zartheit Aroma Gesamteindruck
Herkunft
0 S 0 s 0 s 0 s

ASA 4,7 0,4 5,2 0,4 4,1 0,5 4,2 0,4
AA 4.8 0,5 5,2 0,3 4,0 0,6 4,0 0,6
Hybro 4,7 0,4 5,1 0,4 3,9 0,6 4,0 0,6
Lohmann 4,7 04 5,1 04 3,8 0,5 4,0 0,5
Ross 4,7 0,5 5,2 0,4 4,0 0,6 4,1 0,6
Shaver 4,6 0,4 5,1 0,2 4,1 0,5 4,2 0,5
Pilch 4,8 0,5 53 0,4 3,9 0,5 4,1 0,5
Peterson 4,9 0,3 5.4 0,3 3,7 0,4 39 0,4
Cobb 500 4,7 0,3 53 0,3 4,2 0,6 4,3 0,5
F_Wert k kskosk skskosk skskok

Enten und Gdnse

Bei Uberpriifung von verschiedenen Mastver-
fahren (Schnell-, Intensiv- und Weidemast) bei Gén-
sen wurde neben dem Schlachtkérperwert noch die
sensorische Qualitit der Brustmuskulatur untersucht
(Ristic, 1991). Die beste Bewertung der Saftigkeit
und der Zartheit wurde bei der Schnellmast nach 9
Wochen erreicht (Tab. 5). Die Weidemast fithrte zu
einer schlechteren Bewertung bei allen sensorischen
Kriterien. Bei einer weiteren Uberpriifung beziiglich
der sensorischen Qualitdt von Pekingenten (Cherry
Valley) nach unterschiedlichem Mastalter (42, 47
und 54 Tagen), sowie Flugenten (CANEDINS R 61

der Bewertung der sensorischen Kriterien zwischen
den einzelnen Altersstufen von Enten statt (Tab. 6).
Die giinstigste Bewertung von Saftigkeit, Aroma
und Gesamteindruck erzielten die Pekingenten
nach einem Alter von 47 Tagen. Die Zartheit von
Pekingenten (54 Tage) erreichte die hochste Note
von 5,4. Die Flugenten, sowie die Mularden schni-
tten etwas schlechter ab.

Schweinefleisch

Fiir die Bewertung der sensorischen Kriterien
wurden 2,5 cm dicke Scheiben aus dem Teilstiicken
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Tab. 5: Sensorische Kriterien des Brustfieisches von Génsen (n=72; Ristic, 1991)

Tabela 5. Senzorski kriterijumi za meso grudi gusaka (n=72; Ristic, 1991)

Mastverfahren!  Saftigkeit  Zartheit Aroma  Gesamteindruck
Schnellmast 4,3 4.4 4,0 4,1
Intensivmast 3,8 4.2 4,0 4,0
Weidemast 2,8 3,2 3,7 3,3

'Schnellmast 9 Wochen, Intensivmast 23 Wochen, Weidemast 33 Wochen

Tab. 6: Sensorische Kriterien des Brustfleisches von Enten (n=80; Ristic et al., 2006)
Tabela 6. Senzorski kriterijumi za meso grudi pataka (n=80; Ristic i sar., 2006)

Herkunft Saftigkeit Zartheit Aroma Gesamteindruck
e se 52 s s
S s e
A ORI U O
e S

Znacaj senzorne ocene kao kriterijuma ...

Kotelett (M. longissimus dorsi) und Kamm in
Abhédngigkeit von der Mastendgewichtsstufe mit
Alufolie abgedeckt und im Plattenkontaktgrill bis
zu einer Kerntemperatur von ca. 75°C gegrillt. Die
Proben stammen von Pietrain-NN* Landrasse-Kre-
uzungen mit einem Lebendgewicht von 110, 135
und 160 kg (Fischer et al., 2006). Bei den gegrill-
ten Riickensteaks (LD) schnitten die Proben aus der
135 kg-Gruppe am besten ab und die aus der 160
kg-Gruppe am schlechtesten (Tab. 7). Signifikante

Differenzen gab es jedoch nur bei der Saftigkeit
und dem Gesamteindruck. Bei den Kammsteaks
dnderten sich die Bewertungen mit zunehmendem
Mastendgewicht nur geringfiigig und fiir die einzel-
nen Priifkriterien in unterschiedlicher Richtung. In
einer weiteren Untersuchung von Schweinefleisch
bei ausgewdhlten Rassenkreuzungen (Hampshire
(Ha), Duroc (Du), Pietrain (Pi-nn), sowie Pi-NN und
den Kreuzungskombinationen Du*Ha und Ha*Pi-
nn) wurde der Genusswert am M. longissimus

Tab. 7: LSQ-Mittelwerte von sensorischen Merkmalen bei gegrillten Steaks aus den
Teilstiicken Kotelett (M. longissimus dorsi) und Kamm (Fischer et al., 2006, mod.)
Tabela 7. LSQ — srednje vrednosti senzornih osobina odrezaka pecenih na rostilju
(kotlet - M. longissimus dorsi) 1 grebena (Fischer i sar., 2006, mod.)

Mastendgewicht

Merkmal' Muskel® 110 kg 135 kg 160 kg

n=36 n=54 n=33
Saftigkeit 3,0® 3,42 2,9b
Zartheit LD 3,6 3,8 3,5
Aroma/Geschmack 34 34 3,2
Gesamteindruck 3,3%® 3,5° 3,1°
Saftigkeit 4,0 3,9 3,9
Zartheit Kamm 4,1 43 4,0
Aroma/Geschmack 4,0 3,7 39
Gesamteindruck 3,9 3.8 3,8

' Beurteilung nach 6-Punkte-Skala: 1 = schlechteste, 6 = beste Bewertung

2 LD=M. longissimus dorsi (3.-4. Lendenwirbel), Kamm = Querschnitt der Muskulatur aus
Teilstiick Kamm {iiber 3.-4. Halswirbel

ab Ungleiche Indices kennzeichnen signifikante Differenzen (P<0,05) zwischen den Mastend
-gewichtsstufen
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dorsi ermittelt (Fischer et al., 2000). Bei allen ge-
nannten Priifmerkmalen lagen die Nachkommen
der reinrassigen Du-Eber an der Spitze (Tab. 8).
Signifikante Unterschiede bestanden bei Zartheit
und Saftigkeit zur Pi-nn-Gruppe, die durch einige
PSE-Fille belastet ist, ebenso bei Aroma/Geschmack
und Gesamteindruck, aber auch zusétzlich zur Pi-
NN-Gruppe. Inwieweit die Freilandhaltung von Ma-
stschweinen als Beitrag zur Landschaftspflege von
Schweinen auf stillgelegten landwirtschaftlichen
Nutzflichen dienen konnte, wurde am Beispiel

Tab. 8: Mittelwerte von Merkmalen der
sensorischen Qualitdt im M. longissimus dorsi
(n=30-34; Fischer et al., 2000, mod.)
Tabela 8. Srednje vrednosti osobina senzornog

kvaliteta M. longissimus dorsi
(n=30-34; Fischer et al., 2000, mod.)

Eberrasse Saftigket Zartheit Aroma Gesamteindruck

des Diippeler Weideschweins untersucht (Fischer,
Beinlich, 2005). Die im Mai mit ca. 9 Monaten
geschlachteten Tiere erhielten bis Ende Februar
erhOhte Getreiderationen, weil die Weidefliche
aufgrund der Jahreszeit nur geringen Aufwuchs bot.
Bei der sensorischen Priifung lagen die Messwerte in
einem Bereich von 3,5 bei der Saftigkeit und 3,9 bei
der Zartheit (Tab. 9). Allerdings ergab sich zwischen
Minimum- und Maximumwerten bei den einzelnen
sensorischen Kriterien eine grofle Spannbreite.

Tab. 9: Merkmale der sensorischen Qualitit im
M. longissimus dorsi (Mittelwert,
Standardabweichung und Spannweite; Fischer und
Beinlich, 2005, mod.)

Tabela 9. Senzorske osobine kvaliteta
M. longissimus dorsi (srednja vrednost,
standardna devijacija, raspon Fischer,
Beinlich2005.)

Ha 3,7? 3,9 3,4 3,5

Du 3,70 420 3,72 3,80 Merkmal 0 S min max
Pi-NN 3,5 3,8 3,3 3,40 Saftigkeit 3,5 0,5 2,8 4,3
Pi-nn 3,3b 3,4b 3,20 3,3 Zartheit 3,9 0,6 3,0 5,0
Ha*Pi-nn 3,6 3.9 3,5 3,6 Aroma 3,6 0,4 32 4.5
Du*Ha 3,6 3.8 3.4 35 Gesamteindruck 3,6 0,5 3,0 4,7
F-TCSt Kk sksksk sk sksksk

nur mit ungleichen Buchstaben gekennzeichnete
Mittelwerte sind signifikant (P<0,05) verschieden

Ubersicht 1. Bewertungsschemata verschiedener Autoren
Pregled 1. Seme ocenjivanja prema razli¢itim autorima

Punkte Pradikat Kriterien Autor
0-10 verdorben - vollkommen Geschmack, Geruch, Farbe, Aussehen, Gutschmidt (1951)
Konsistenz, Formerhaltung
1-8 extrem weich, Festigkeit, Zartheit, Kriimeligkeit, Fischer (1990)

extrem fest

1-8 auBlerordentlich schlecht, Zartheit, Aroma/Geschmack,
Gesamteindruck

auBerordentlich gut

1-6 unbefriedigend,
ausgezeichnet

1-6 geringste- bzw. hochste
Merkmalsintensitit
Bestandteile

beschreibende Begriffe
Mundgefiihl

0-5 ungeniigend - sehr gut

Saftigkeit, Zartheit, Aroma,
Gesamteindruck

Festigkeit, Saftigkeit, Kauphase,
Zartheit, Kriimeligkeit, unzerkaubare

Aussehen, Geruch, Geschmack, Textur/

AuBeres, Aussehen, Farbe, Farbhaltung,

Klebrigkeit, Saftigkeit

Branscheid et al. (2006)
Ristic (1983)

Augustini (1996)

DIN 10964

DLG (2009)

Zusammensetzung, Konsistenz, Geruch,

Geschmack
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Ubersicht 2. Bewertungsschema (Ristic, 1983)
Pregled 2. Sema ocenjivanja (Ristic, 1983)

Punktezahl Saftigkeit Zartheit Aroma Gesamteindruck
6 sehr saftig sehr zart ausgezeichnet ausgezeichnet
5 saftig zart sehr gut sehr gut
4 etwas saftig etwas zart gut gut
3 etwas trocken etwas zéh befriedigend befriedigend
2 trocken zdh ausreichend ausreichend
1 sehr trocken sehr zdh wenig ausreichend unbefriedigend

Ubersicht 3. Bewertungsschema nach DLG (2009)
Pregled 3. Sema ocenjivanja prema DLG (2009)

Punkte Qualitdtsbeschreibung

Allgemeine Eigenschaften

5 sehr gut keine Abweichung von den Qualititserwartungen
4 gut geringfligige Abweichungen

3 zufriedenstellend leichte Abweichungen

2 weniger zufriedenstellend deutliche Abweichungen

1 nicht zufriedenstellend starke Abweichungen

0 ungeniigend nicht bewertbar

Ubersicht 4: Bewertungsschema fiir Zartheit,
Aroma/Geschmack und Gesamteindruck
(Branscheid et al, 2006, mod.)
Pregled 4. Sema ocenjivanja za meko¢u, ukus i
ukupan utisak (Branscheid i sar., 2006, mod.)

Bewertung Punkte
auBerordentlich gut 8
sehr gut 7
gut 6
noch gut 5
eher schlecht 4
schlecht 3
sehr schlecht 2
auferordentlich schlecht 1

Rind- und Lammfleisch

Fiir diese Untersuchung standen 2- und 3-ji-
hrige Ochsen der Rasse Hereford aus Uruguay aus
ganzjdhriger Weidehaltung mit einem mittleren
Schlachtgewicht von 225 bzw. 282 kg zur Verfiig-
ung. Zu einem Vergleich wurden Proben aus De-
utschland aus einem Qualitétsfleischprogramm von
Jungbullen der Rasse Fleckvieh und Kreuzungen
Fleckvieh x Limousin im Alter von 19 bis 23 Mona-
ten mit einem mittleren Schlachtgewicht von 383 kg
aus der Intensivmast herangezogen (Branscheid et

al., 2006). Die uruguayischen Proben wurden 20
Tage, die deutschen Proben von jedem Tier je zur
Halfte 7 bzw. 20 Tage gereift. Tab. 10 gibt Informati-
on iiber die Zartheitsbewertung der Rindfleischpro-
ben durch die Verbraucher. Priifer mittleren Alters
(26-40 Jahre) bewerteten die Proben kritischer als
die jlingeren und ilteren Altersgruppen. Zwischen
den verschiedenen Tierarten wurden beziiglich des
Alters statistische Unterschiede gefunden. Fiir die
Bewertung des Gesamteindrucks standen Fleisch-
proben kastrierter ménnlicher Ldmmer der Rasse
Corriedale aus Uruguay, die in Weidehaltung gemé-
stet wurden, zur Verfligung. Dabei handelte es sich
um leichte (3-4 Monate, Schlachtgewicht 11,1 kg)
und schwere Tiere (12-13 Monate, Schlachtgewicht
19,4 kg). Parallell dazu wurden wiederum Tiere aus
Deutschland herangezogen, ndmlich unkastrierte
ménnliche Laimmer der Kreuzungen schwarzkopfi-
ges Fleischschaf bzw. Suffolk x Merinolandschaf
mit einem Alter von 4-6 Monaten (Schlachtgewicht
von 23,2 kg). Auch hier wurden die uruguayischen
Proben 20 Tage, die deutschen je zur Hélfte 7 und
20 Tage gereift. Hierbei zeigte sich wiederum, dass
die Priifer unterschiedlicher Altersgruppen auch
unterschiedlich bewerteten. Bei den Proben aus
Uruguay lag die Bewertung des Gesamteindrucks
bei den Noten zwischen 5,5 bis 6,7 und bei den
Proben aus Deutschland zwischen 5,8 bis 7,4 (Tab.
11). Die Grenze fiir ,,noch gute* Bewertung lag bei
Note 5. Die Rindermast wird in den Léndern mit
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intensiver Landwirtschaft aufgrund der hdheren
wirtschaftlichen Effizienz iiberwiegend mit Bullen
durchgefiihrt. Unter vergleichbaren Bedingungen
ist der Fettgehalt des Fleisches niedriger und die
Fleischfarbe dunkler, sind Bullen stressempfindlicher
und streuen die Qualitditsmerkmale starker. Dadurch
ist das Fleisch zdher und im Aroma flacher (Augu-
stini, 2001). Tabelle 12 gibt Auskunft iiber die
sensorischen Eigenschaften von Bullen und Férsen
(Rasse Aubrac). Hierbei zeigte sich, dass das Far-
senfleisch eine glinstigere Bewertung erhielt. Eine
niedrige Energiekonzentration des Futters wirkt
sich besonders negativ bei Jungbullen aus (Tab. 13).
Bei der Bewertung der Fleischqualitét von Schwarz-
buntbullen unterschiedlicher Mastintensitit wurden
die besten Noten fiir Zartheit und Aroma bei einer

hoheren Mastintensitét erreicht. Das gleiche gilt
fiir den Vergleich beziiglich des Mastverfahrens,
niamlich zwischen Stall- und Weidemast, fiir die
Stallmast (Tab. 14). Die im Alter zwischen 16,8
und 23 Monaten Mastbullenschlachtkérper wurden
in 4 Altersgruppen mit je 14-16 Tieren aufgeteilt
(KOGEL et al., 2002). Die Scherkraftwerte waren
in der ersten Gruppe am hdchsten, gingen dann
bis zur Gruppe 3 in etwa linear zuriick und stiegen
bis zur Gruppe 4 wieder etwas an. Dieser Verlauf
in der Fleischzartheit (Scherkraftwert) deckt sich
weitgehend mit dem Verlauf der Zartheit — sensorisch
ermittelt (Tab. 15). Es liegt die Vermutung nahe,
dass ein hoherer intramuskuldrer Fettgehalt der
Gruppe 3 eine positive Einwirkung auf die Zartheit
hatte.

Tab. 10: Zartheitsbewertung der Rindfleischproben (n=100; Branscheid et al., 2006, mod.)
Tabela 10. Ocena mekoce govedeg mesa (n=100; Branscheid i sar., 2006, mod.)

Aler der Prfer e e e |0 Taee
18-25 Jahre 5,80 5,8 5,10 6,1°
26-40 Jahre 4,9 5,1 4,30 5,00
41-60 Jahre 5,9° 4,9 4,2¢ 4,9
61-75 Jahre 5,6" 5,7° 5,1 6,7°

Tab. 11: Gesamteindruck der Lammfleischproben (n=100; nach Branscheid et al., 2006, mod.)
Tabela 11. Ukupan utisak probe jagnje¢eg mesa (n=100; nach Branscheid i sar., 2006, mod.)

Alter der Prifer St ke e 0T
18-25 Jahre 5,7% 5,8° 6,2° 6,4°
26-40 Jahre 5,9% 6,1 5,80 5,8b
41-60 Jahre 5,5% 5,7° 5,80 6,2b
61-75 Jahre 6,42 6,72 7,22 7,42

Tab. 12: Fleischqualitét verschiedener Kategorien
(M. long. dorsi, Aubrac; Augustini, 2001, mod.)
Tabela 12. Kvalitet mesa razli¢itih kategorija (M.
long. dorsi, Aubrac; Augustini, 2001, mod.)

Tab. 13: Einfluss der Mastintensitit auf die
Fleischqualitdt (Schwarzbuntbullen; Augustini,
2001, mod.)

Tabela 13. Uticaj intenziteta tova na kvalitet mesa

Merkmal Bulle Férse (Augustini, 2001, mod.)
(n=15) (n=6) Mastintensitdt hoch mittel niedrig
Anzahl 15 6 n 18 24 8
Zartheit 4,0£0,8 4,8+0,5 Zartheit 49+04 43+09 3,4+09
Saftigkeit 4,1+£0,8 4,7£0,6 Aroma 42+0,6 39+0,6 32+08
Aroma 4,0+0,5 42+0,4
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Tab. 14: Fleischqualitit von Farsen einer Blonde
d’Aquitaine x Braunviehkreuzung nach Stall- und
Weidemast; (Augustini, 2001, mod.)
Tabela 14. Kvalitet mesa june¢eg meleza Blonde
d’Aquitaine x Braunvieh (Augustini, 2001, mod.)

Mastverfahren Stallmast Weidemast
n 10 11
Zartheit 4.2 3,7
Aroma 3,8 2,9

Tab. 15: Merkmale der Fleischqualitit bei
Jungbullen, nach Schlachtaltersklassen
(n=60; Kogel et al., 2002, mod.)

Tabela 15. Osobin kvaliteta mesa mladih bikova prema
starosnoj kategoriji ((n=60; Kdgel i sar., 2002, mod.)

Schlachtalter n Scherkraft Zartheit intramuskulérer

(Monate) (kg)  (Punkte) Fettgehalt (%)
16,8 15 6,0 3,6 2,85
18,8 15 5,8 3.8 2,58
20,7 14 53 4,0 2,89
23,0 16 54 3,9 2,30

Fleischerzeugnisse

Im Rahmen der sensorischen Priifung wurden
die Fleischerzeugnisse von 5 Sachverstindigen
beziiglich Aussehen, Konsistenz, Geruch und Ge-
schmack nach dem DLG-5-Punkte-Schema (aus-
gezeichnet = Qualitdtszahl 5,0; sehr gut = Qua-
litdtszahl 4,5-4,9; gut = Qualitétszahl 4,0-4,4; ohne
Pramierung = Qualitdtszahl < 4,0) bewertet. Hierbei
ergab sich eine Bewertung von Rohschinken mit
den Qualitdtszahlen in einem Bereich zwischen
3,6-5,0 (Troeger et al., 2006). Das Produkt Lach-
sschinken erhielt mit 5,0 die beste Note (Tab. 16).
Bei einer weiteren Untersuchung von Rinder- und
Schweineschinken haben die Rinderschinken eine
Bewertung zwischen 3,9-5,0 erreicht, die Schwe-
ineschinken zwischen 4,2-4,8 (Tab. 17). Bei den
Knochenschinken wurde ,salzig® in geringerer
Ausprigung beanstandet, sowie bei dem 20 Mo-
nate gereiften Schweineschinken ,,beginnende Fett-
verdnderung® ebenfalls in geringerer Ausprigung
(Troeger et al., 2007).

Tab. 16: Sensorische Bewertung der Rohschinken nach DLG-5-Punkte-Schema (Troeger et al., 2006, mod.)
Tabela 16. Senzorna ocena sirovih Sunki prema DLG Semi sa 5 tacaka (Troeger i sar., 2006, mod.)

Produkt Qualitdtsabweichung Bewertung ! Qualitétszahl 2
(Punkte)

Knochenschinken I Farbfehler 4

(Vergrauung im Kern)

Speck rotlich 4

beginnende Fettverinderung 4

salzig 3 3,6
Knochenschinken I1 Farbfehler 4

Blutpunkte 4

salzig 3 3,6
Lachsschinken I salzig 4

phenolisch 3 4,2
Lachsschinken II ohne Abweichungen 5,0
Kammschinken Speck rétlich 4

leimig 4 4,5

! maximale Punktzahl: 5

2maximale Qualitatszahl: 5,00
Goldener DLG-Preis = 5,00
Silberner DLG-Preis = 4,50-4,99
Bronzener DLG-Preis = 4,00-4,49
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Tab. 17: Sensorische Bewertung der Produkte nach dem DLG-5-Punkte-Schema (7roeger et al., 2007, mod.)
Tabela 17. Senzorska ocena proizvoda (Troeger i sar., 2007, mod.)

Produkt Qualitdtsabweichung Bewertung Qualititszahl
(Punkte)
Rinderschinken, roh I Farbe zu dunkel (DFD) 4
Rauch zu stark 3
sauerlich 4
dumpfig 4 3.9
Fluoreszenz im Kern ohne Punktabzug
Rinderschinken, roh II ohne Abweichungen 5,0
Rinderschinken, roh II1 Fluoreszenz im Kern ohne Punktabzug
(deutlich)
Rauch zu stark 3
salzig 4
sauerlich 4 4.2
Schweineschinken, roh I~ beginnende Fettverdnderung 44 4,2
salzig
Schweineschinken, roh II ~ Speck rétlich 4
salzig 4 4,8
Fluoreszenz ohne Punktabzug

Zusammenfassung

An einem umfangreichen Versuchsmaterial
wurde der Genusswert des Brust- und Schenkel-
fleisches von Broilern erfasst (n=3154). Die hochste
Bewertung erreichte die Zartheit (5,4-5,7), gefolgt
von Saftigkeit (4,9-5,0), Aroma und Gesamtein-
druck (4,4-4,7). Beim Vergleich zwischen verschie-
denen Herkiinften wurde durchaus eine sensorische
Bewertung in einem oberen Qualititsniveau ge-
funden. Die Schnellmast bei Génsen fiithrte zu
einer besseren Bewertung der Saftigkeit und der
Zartheit. Bei den Enten ergab die Mastdauer von
47 Tagen die giinstigsten sensorischen Noten.
Die Bewertungsnoten von Schweinefleisch in Ab-
héngigkeit von den verschiedenen Einflussfaktoren
lagen in einem Messbereich zwischen 3,0 bis 4,3, die
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einem mittleren Qualitdtsniveau entsprechen. Das
Rindfleisch erreichte eine sensorische Bewertung
im Durchschnitt von 2,9 bis 4,2 und lag somit auf
gleichem Qualitédtsniveau wie das Schweinefleisch.
Vergleicht man die Bewertungsnoten zwischen den
verschiedenen Fleischarten, liel sich feststellen,
dass das Gefliigelfleisch im oberen Qualitdtsniveau
(4 bis 6) lag, wohingegen Schweine- und Rindfleisch
ein mittleres Qualitdtsniveau (3 bis 4) erreichten. Die
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wird die Qualititszahl abgeleitet, anschlieBend wird
die Pramierung des Produkts vorgenommen.
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CeHcoprle CUCTEMBI ((3ﬂeKTpOHHbIﬁ HOC» JIA

KOHTPOJISI KauecTBa msaca™

Yepuyxa Upuna M., Ky3ueyosa Tamvsana I, Cenusanosa Examepuna b.

P e ¢ e p a m: Hayunvie uccnedosanusi nokazanu yerecoobpasHocms npumenenus snekmponno2o noca « VOCmeter»
0711 UHCMPYMEHMATLHO2O0 KOHMPOIS, KAYeCmaa C8elcecmu MAca U MACHbIX npodyKkmos. Pesyibmambl noomeepounu 603modic-
HOCMb UCNONb308AHUSL CUCHEMbL OI51 ONPeOele st BUO0BOLU NPUHAOLEHCHOCIU MACA.

CpagnumenvHbie UCCie008anUs NOKA3AIU NEePCNeKMUSHOCTb NPUMEHEHUS. UHCTPYMEHMANbHbIX cucmem Oid oOve-
KIMUBHOU OYeHKU 3anaxa u apomama MACAd U MACHBIX NPOOYKMO8, Ymo MNO360Aum 6 OddbHeuulem u3bexcamv GIuAHUA
yenogeuecko2o akmopa npu op2aHorenmuyeckux uccredosanusx. llpeumywecmseamu smux memooos AIA0Mcsa npocmoma

U CKopocmb 6blNOJIHEHUS AHATU3086.

Knrwouesvle cnosa: MAco, 9JZ€Kmp0HHblZZ HOC, ceedfcecmb, apomam, 61008451 npunaaﬂeomtocmb

Electronic nose sensory systems for meat quality control

A b s tract: Researches confirmed VOCmeter (electronic nose) to be an advanced meat quality control instrument,
in particular to analyze the freshness of meat and meat products. Results show the possibility of VOCmeter to be used for meat

species identification, as well.

Comparative experiments demonstrated the perspectives of instrumental systems for objective flavor evaluation of meat
and various meat products in order to avoid the “human factor” in panel testing.

Simplicity, sensitivity and rapidity are the advantages of the above method.

Key words: sensory systems, electronic nose, product freshness, identification, flavor evaluation

Senzorni sistem elektronskog nosa za kontrolu kvaliteta mesa

Sadrzaj: Autori su potvrdili da je VOCmetar (elektronski nos) savremen kontrolni instrument za odredivanje kvaliteta
mesa, posebno za vrSenje ispitivanja sveZine mesa i mesnih proizvoda. Rezultati ukazuju na mogucnost upotrebe VOSmetra u

cilju odredivanja Zivotinjskog porekla mesa.

Uporedni ogledi su pokazali perspektive instrumentalnih sistema za objektivnu evaluaciju ukusa mesa i mesnih
preradevina u cilju izbegavanja “ljudskog faktora” tokom testiranja.

Jednostavnost, osetljivost i brzina su glavne prednosti prikazane metode.

Kljucéne reci: senzorni sistemi, elektronski nos, svezina proizvoda, identifikacija, procena ukusa

BBenenune

11 KOHTpOIIsI KauecTBa MUIIEBBIX MPOIYKTOB
TPaIUIMOHHO HCIIONIB3YIOTCS OPraHOJENTHYECKHE
[IOKa3aTeIy, OLEHUBAEMbIE B OCHOBHOM C IIOMO-
IIBI0 OPTaHOB 3pEHHUsA, BKyca M 00OHAHHS. bonb-
LIyI0 II€HHOCTh OpPraHOJENTUYECKUE II0Ka3aTeu
npuoOpeTaT NpH AONOJIHEHUHM KaueCTBECHHOM
WHPOPMAIINN KOJTUYECTBEHHOW OIEHKOW, MOIY-
4aeMOW C NOMOIIBIO aHATUTHYECKUX METOMIOB.

3amax - OfIMH U3 OCHOBHBIX TOKa3aTesel Kade-
CTBa MUILEBBIX MPOAYKTOB, KOTOPBIH (opMHUpY-
eTcsl KOMIIJIEKCOM JIETy4YMX BELIeCTB. AHaIN3

3araxa OCJOKHEH TeM, YTO €r0 COCTABIISAIOT Pa3HO-
o0pa3HbBIe JIETKOJIETy4YHEe BEIIeCTBA C OTHOCH-
TEJIHbHO HEOONBIION MOJEKYISIpHOUW Maccoi
(Anucumxun u cam. 1998). B cBs3u ¢ yem, npu-
MECHEHUE CPEACTB U TEXHOJIOTHM COBPEMEHHOU
TEXHUKU U ODICKTPOHUKU JJIs pelICHUs 3ajad,
CBSA3aHHBIX C YCTAaHOBJICHMEM KadecTBa 3araxa,
SBIIACTCS, 0€3 COMHEHHS, UPE3BBIYATHO aKTyajb-
HBIM. AHaJTUTHYECKAC BO3MOXXHOCTH COBPEMECHHBIX
ra3oBBIX M KHUIKOCTHBIX XpomarorpadoB m macc-
-CIIEKTPOMETPOB  MO3BOJIIOT  MOMYYUTh Pa3HO-
o0pa3Hyo nH()OPMAIHIO O KAYeCTBEHHOM U KOJIH-
YECTBEHHOM COCTaBE 3alaxOB MHUIIEBBIX MpO-

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari
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OyKTOB. ONHAKO TakWe HCCICNOBAHUS SBISIOTCS
3a4acTyl0 HEONPaBAaHHO TOPOTOCTOSIIIUMH, TPeOy-
IOT CJIOKHOW TOATOTOBKM MpoO, OONBLIMX 3aTpaT
BPEMEHH W XUMHYECKHX pPEaKTHBOB. VIMeHHO 1o
9TOM NPUYUHE CTAHOBSTCS IPHOPUTETHBIMU pa3pa-
00TKH OoJee MPOCTHIX, AEUIEBBIX M, CaMOE Ia-
BHOE, OBICTPBIX aHAJIM3aTOPOB JJISI SKCIPECCHOM
OI[EHKH COCTaBa 3a1axoB MUIIEBbIX TPOIYKTOB B
MPAKTUIECKOH padoTe 1abopaTopwii MPeAMPHUATHI.

B xonme 1980 ronmoB Oblna pa3paboTaHa
cxeMa OZHOBPEMEHHOW 00pabOTKH aHaIUTHYe-
CKUX CHTHAJOB OT IPYIIBlI HECEIEKTUBHBIX CEHCO-
poB (I perv u cam 1985). Bo3MOXXHOCTS peann3anun
TaKOTO TEXHUYECKOTO pEIIEHUs OCHOBaHAa, B
MEpBYIO OUepellb, Ha OMEepexallleM pa3BUTHHU
CPEACTB BBIYHUCIUTEIHLHON TEXHUKH, O0ECIIeYHBa-
foreld 00pabOTKy MHOTOIIapaMeTpudeckoir nHMOp-
MaliH B peXUMe peasbHoro BpeMeHu. [1pu ucnons-
30BaHUM MYJIBTHCEHCOPHOM CHCTEMBI MOXKHO IIO-
JydaTb C M3BECTHOW TOYHOCTHIO HWH(MOpPMAIIHIO,
KakK O COCTaBe, TaK U O KOHIEHTPALMU OTHEJIbHBIX
COCTAaBJISIIOIIUX MHOTOKOMIIOHEHTHBIX T'a30BBIX
cMeceil. ITorom aTux HMCCIenoBaHUN CTaJl HOBBIN
THAT WCKYyCCTBEHHBIX AaHATUTHYECKUX CHCTEM -
«ANEeKTPOHHBIN HOCY (I penv u cam 1985) .

«ONEeKTPOHHBIA HOC» - 3TO aHallu3aTop
MapoB HMJHU ra30B Ha OCHOBE pPa3zHOPOIHBIX
CEHCOPOB, UMUTHPYIOMHUX paboOTy OpraHoB 000-
HsHUS 4enoBeka. [lomoOHas ceHcopHas cucTema
oOecreunBaeT IMOJNyuYeHUE Yy3HABaeMOro oOpasa
aHAJIM3UPYyEeMON CMECH MapoB Maxy4yHX BEIECTB,
KOTOpasi MOXET COAEpXKaThb COTHH Pa3TUYHBIX
XUMHUYECKAX COCTUHEHHU. « QNEKTPOHHBIA HOC»
COCTOHUT U3 CEHCOPOB, KOTOPHIE MOAOHPAIOTCS
M0 UX XMMHUUYECKOMY CPOACTBY K OTAECIBHBIM
KOMIIOHEHTaM aHaJW3UpyeMOil cMecHu Tra3oB U
mapoB. Kaxzaerii ceHcop oOnamaer pa3mudHOM
YyBCTBUTEJIBHOCTBIO K aHAJIU3UPYEMBIM Bellle-
CTBaM W MMEET CBOH crieru(puIeckuii npohuiib oT-
KJIMKOB B OTBET Ha TeCTHpyeMble 3anaxu (HYepuyxa
u cam 2008).

B cBere pemeHns 3amad OIEHKM KauecTBa
MSCHOTO CBIpbSl M BCIIOMOTaTENbHBIX MaTepHaloB,
a Tak)Xe HACHTHU(UKAIUU U YCTAHOBICHUS (ax-
Ta GansCcuPUKAUN MHUILEBBIX MPOAYKTOB MPH
BXOJHOM KOHTpPOJIE Ha NPEANPUITUAX, UCTIONb-
30BaHHUE «3JIEKTPOHHOTO HOCAa» MPEACTaBIAETCS
JIOCTATOYHO TEPCTIeKTUBHBIM. llprMeHeHwne ceH-
COPHBIX CHCTEM MO3BOJIIET 000MTH Maccy mpooieMm,
CBSI3aHHBIX C HMCIIOJIb30BAHHEM B OILIEHKE KadecTBa
MUIIEBBIX MPOAYKTOB CHEHHUATbHO OOyUYEHHBIX
nerycraropoB. K guciy Takux mpobiemM OTHOCHT:
O0COOCHHOCTH CEHCOPHOM YYyBCTBHTEIBHOCTU Ka-
JIOTO M3 JIETyCTaTOpOB; aJalTallli0 YyBCTBUTEIb-
HOCTH OOOHSTENBHOTO OpraHa MNpH AJIUTEIBHOM
BO3JIEHCTBUM CTHMYIIa; BIUSHHE Ha OCTPOTY 000-

HSHUSL YCTaJOCTH, PA3IMYHBIX MHQEKIHH, TOKCH-
YECKHX BEIIECTB, (U3MUECKOI0 COCTOSHHS 4Ye-
J0BeKa; CyObEKTUBHOCTH B OLEHKAX BOCTIPUSTHS
U psi IpyTuX (hakTopoB.

B mpencraBieHHOM cTaTbe MOKa3aHbl BO3MOX-
HOCTH HMCIOJIB30BaHUSI MYIBTHCEHCOPHON CHCTEMBI
«VOCmeter» 1S OLIEHKH KaueCTBa MSICHOTO CBIPhs
Y TOTOBOU MPOIYKIIMH, C [IENBIO MOBBIIICHUS 00be-
KTUBHOCTH TIOJYy4aeMbIX PE3YyJbTaTOB, BHEAPEHUS
JKCTIPECC-METOMK, MO3BOJISIOLINX COKPATUTH BPEMSI
U 3aTparhl Ha MIPOBEJCHNUE UCTIBITAHUM, a TAaKXKe H3-
0exarh MPOTHBOPEUUIL, BOSHUKAIOIINX TIPH HCIIONb-
30BaHMU TPAJULMOHHBIX METOAOB HCCIECIOBAHMS.

MarepuaJjbl 1 METOIbI

OOBEeKTaMu HCCIIENOBAHUS SIBIAJIOCH MSICHOE
ChIpbe (CBUHHMHA OXJaXAEHHAS U Pa3MOPOXKECHHA);
OXJIAXKIAEHHOE MSCHOE CBHIPhE Ppa3IUYHBIX BUAOB
yOOWHBIX JKUBOTHBIX W ITHUIIBI; CBHHWHA 3arieue-
HHasl, TONlydeHHAash W3 OXJKAEHHOTO W pa3Mo-
POXXEHHOTO MSICHOTO ChIPbsI; CBUHMHA M TOBSIMHA
MocJie BapKH;, BETYWHHBIC KOHCEPBBI: M3 CBUHHHBI
(BetunHa «PyOneHas») W W3 TOBSAWHBI (BEeTYMHA
«JTrodutenbckas»). CEHCOPHYIO OLIEHKY MPOBOJIM-
J¥ OpPraHOJENTHYECKHM METOJIOM U Ha mpubope
«VOCmeter» pupmsr «AppliedSensor» (I'epmanust),
BKJIIOUAIOIIEM BoceMb ceHcopoB QMB m wersipe
cerncopa MOS (puc.1).

Puc. 1. [Ipu6op ,,VOCmeter”
Slika 1. Instrument ,,VOCmeter”

Pe3ynbrarbl n 00cyx1eHNE

Kak nmokazanu npoBen€HHBIE HCCIENOBAHUSA,
HEMAJOBaXXHOE 3HAUCHUE «DIECKTPOHHBIM HOCH
MOXET HUMETh IPU OLIEHKE CBEXECTH IMHUIIEBOMI
MIPOIYKITUH, TEM 0OJIee YTO HA CETOMHSIIHUN JICHB
OOOHATENBHBIE TECTHl HE IO3BOJIAIOT PEIIUTH Jla-
HHYIO 3a7a4y B TpeOyeMoM oObeMe.

KanmnOpoBounble Tpaduku MyIbTHCEHCOPHON
OLIEHKH CBEXXECTH MBIILIEYHOH 1 )KUPOBOM TKaHEH Ha
MpUMEpPE CBUHUHBI MIPEACTaBIEHbI Ha puUC.2 U 3.

160

tehnologija mesa 50 (2009) 1-2, 159-165



C@HCOprle cucmemanl ((3,7€Kmp0HHblﬁ HOCY Ol KOHMPOIJIA ...

Senzorni sistem elektronskog nosa za kontrolu ...

I'paHuibl MOKa3aHUIl CEHCOPOB AJISI COOTBET-
CTBYIOLIMX KaTe€ropuil CBEKECTH MSACHOTO CBIPbS
(MBIIIEYHON U KUPOBOM TKaHEW OTAEIbHO) yCcTaHa-
BIIMBAJIA COTJIACHO PE3yJIbTaTaM HMPUHATHIX (HUIUKO-
XMMUYECKUX M OPTaHOJIENTHYECKOTO METOIOB HCC-
nenoBaHusl. KpuTepun OLEHKN CBEXECTH Msica MH-
CTPYMEHTAJIbHBIM CEHCOPHBIM METOJIOM ONpeaess-
71 Ty TéM 00pabOTKH MMOKa3aHUI CEHCOPOB METOJIOM
[JIABHBIX KOMIIOHEHT.

0)

Puc. 2: a) I'paduk mpocTpaHCTBEHHOTO
pacroNoKeHus! TOUeK MYJIBTHCEHCOPHOTO aHaIHu3a
MBIIIEYHOU TKAHH YETBIPEX KATETOPUIl CBEXKECTH
(1 — cBexxee MsCO, 2 — CBEXKEE, HE TIOJICKAIIICE
JUTUTETHbHOMY XpaHEHHIO, 3- COMHUTEIbHOM
CBEXECTH, 4 — HECBEXKEE);

0) ®parmeHT rpaduka a) TSI MBITTICTHON TKaHU
TPEX KaTerOpUil CBEXECTH (CBEXKEE; CBEXEE,

He MoJJIeXXalee JUINTEIIbHOMY XPaHEHHIO;
COMHHTENBHON CBEKECTH).

Slika 2. a) grafikon prostornog razmestanja
tacaka multisenzorne analize misi¢nog tkiva Cetiri
kategorije svezosti (1 — sveZe meso, 2 — sveze, koje
nije dugo skladisteno, 3 — sumnjive sveZzine, 4 — nije
sveze);

b) deo grafikona a) za miSi¢na tkiva tri kategorije
svezine (sveze, sveze koje nije dugo skladisteno,
sumnjive svezine)

Ha puc. 2 BugHO, 9TO C yBeNWYEHHEM KOJH-
YeCcTBa JIETYYHX BEIIECTB, 0OPa3yIOUIUXCS B TPO-
Lecce MopyM Msca, yBEIMYMBAETCSA pa3Mep KilacTe-
pa (obmacTb pacmonoKeHUs] TOUEK, XapaKTepH3yIo-
mass KakXIyl H3 KaTeropHil CBEKECTH CHIPHS).
Hampumep, o6nacte ToYek, XapakTepu3yromias
CBEXHE 00pasibl, pacroiaraeTcsi B 4YeTBEPTOH
YEeTBEPTH CHCTEMBI KOOpAWHAT M €€ pa3Mepbl
HeBenukHu. Cienyer OTMETHTh, YTO aHAIHM3 MOJy-
YCHHBIX JIAHHBIX ITO3BOJMJ BBISBUTH TPYIIY TO-
YeK, 3HAYCHUS M[EpBOM INABHOM KOMIIOHEHTHI
KOTOPBIX HWMENN OoJblllie BEIWYUHBI, YeM 00-
JacTh, XapakTepu3yrolas CBeXee MsCO. Takum
oOpa3oM, ObuUTa HISHTH(PHUIUPOBAHA KaTETOPHS
MsACa «CBEXee, HE MOoJUIekKallee AIUTEIBHOMY Xpa-
Henuto». Kiacrep, xapakrepusyromuii 00pa3ibl
«COMHUTEJIBHOM CBEXECTH», MMEET OoJbIINe pa-
3Mephl M pacrojaraercsi B TpeTheil 4eTBEepTH CH-
cTteMbl koopnauHar. Kiacrep, Xapakrtepusyromuit
HECBEXKHE 00pa3lbl, UMEET HauOOIbIINE pa3Mephl
W pacroJliaraeTcsi B IEpBOM M BTOPOH YETBEPTAX
CUCTEMBI KOOPJIMHAT.

CrnemyeT OTMETHTH, YTO C HAaKOIDICHHEM IIPO-
IYKTOB TOPYH MsACa yBEITUYHNBAETCS 3HAYCHHE TIEp-
BOU IIAaBHOM KOMIIOHEHTBI.

Ha puc. 3 BuaHO, 9TO pacIionoXeHne Kiacte-
POB, CBOWCTBEHHBIX >KMPOBOH TKAaHHW, aHAJIOTUYHO
PAaCHONOKEHUIO KJIACTEPOB MBIIIEYHON TKaHHU CO-
OTBETCTBYIOLIUX KaTETOPHI CBEKECTH.

Msico pa3nUuYHBIX BHIOB JKHBOTHBIX XapakTe-
pu3yeTcs CrIenupUUECKUM 3amaxoM, HO B OOJIb-
IIMHCTBE CIIy4aeB WJIEHTH(QHUINPOBATH BUIOBYIO
MIPUHAIEKHOCTh MSCHOTO CBIPhSI OPTaHOJENTH-
YEeCKUM METOAOM CIIOKHO. B ommmume oT cyre-
CTBYIOIINX Ha CETOAHANIHHHA TeHh METOJOB OIpe-
JIeJICHNS BHIa Msca (METOI TOJTUMEPA3HON IEITHOM
peakuuu, UMMYyHO-(DEpMEHTHOTO aHaimu3a | Jp.),
WCTIONIb30BaHUE MYJIBTUCEHCOPHBIX CUCTEM HE Tpe-
OyeT BBICOKHMX 3aTpaT MaTe€pHUajoB, a TaKXKe IJIH-
TEJIILHON U TPYZOEMKOH NOATOTOBKH MPOO.

IIpoBeneHre cpaBHUTENBHOTO aHalIM3a IOKa-
3aHuil ceHcopoB mpubopa «VOCmetery», momyue-
HHBIX TIPU HCCIEIOBAHUU JIETYYMX KOMIIOHEHTOB
TOBSAJIMHBI, CBUHHUHBI, OapaHUHBI, MsAca Kyp, CTpa-
yca u WHACHKH, 1 00paboTKa MX METOAOM TJIABHBIX
KOMITOHEHT, TI03BOJIMJIH TIOIYIHTh rpaduK, IpeacTa-
BJICHHBIN Ha pHC.4.

Ha pucynke BumHO, 9TO 00NacTH TOYEK, Xa-
paKTepu3yIoMne KaXKIbIH BHI MsCa, OOBEIWHEHBI
B KJIACTEphl, CBOMCTBEHHBIC KaXKIOMY W3 BHJIOB
MACHOro chIppsi. Ha ocHOBaHMM KOMILIEKca IpO-
BeACHHBIX paboT TaKke yCTaHOBJIEHA BOBMOXXHOCTD
MPUMEHEHUS] MYJIBTHCEHCOPHBIX HHCTPYMEHTaIIb-
HBIX CHCTEM JUIsl ONpeAeNeHHs BUIOBOI IpHHA-
JUIEXKHOCTH MSCHOTO ChIphs. llpuMeHeHHe ceH-
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Puc. 3: a) I'paduk npocTpaHCTBEHHOTO
PacIoIOKeHHsI TOYEK MYJIBTHCEHCOPHOTO aHAIN3a
JKHUPOBOM TKaHU TPEX KaTErOpHUd CBEKECTU
(1 — cBeskee MsACO, 2 — COMHUTEIIBHON CBEXKECTH,
3 — HecBekee);

0) ®parmenT rpaduka a) U1 KUPOBOW TKaHU BYX
KaTeropuii CBexXecTH (CBEKEE U COMHUTENBHON
CBEXKECTH).

Slika 3. a) grafikon prostornog rasporeda
tacki multisenzorne analize zivog tkiva tri
kategorije svezine (1 — sveze meso, 2- sumnjive
svezine, 3 — koje nije sveze)

b) deo grafikona a) za masno tkivo dve
kategorije svezine (sveZe i sumnjive svezine)

COPHBIX HWHCTPYMEHTAJBHBIX METOMIOB ITO3BOJIUT
MIPOBOJIUTH ONEPATUBHYIO UIACHTU(MUKALIUIO MSCHO-
TO CHIPbS IIPU BXOJHOM KOHTPOJIC Ha TPEANPUATHIX,
TaMOXXHSX, PhIHKAX U T.1I.

WHCTpyMEHTANIBHBII METOJ MO3BOJISIET TAKXKE
MPOBOJIUTE TU(PGEPEHITHAIIMIO OXJAKAEHHOTO U
Pa3MOPOXKEHHOTO MSCHOTO ChIphsA. Hampumep, Ha
puc. 5 TpuBelieHbl JAaHHbIE TMOKa3aHUM CEHCOPOB
HccenoBaHus oXIaxa¢HHOTOo (0) 1 pa3MoposKEHHOTO
msaca (2), oOpaboTaHHBIE METOIOM TJIABHBIX
KOMITOHEeHT. CIlelyeT OTMETHTh, YTO KJIACTepHl,
XapaKTepU3YIOIIHE OXJIAXKIEHHOE H Pa3MOPOKEHHOE
MSCHOE CBIPbE, paCIONararoTcsi B Pa3IMYHBIX

Puc. 4. IIpocTpaHCTBEHHOE PaCIIOIOKEHUE TOUECK
MYJIBTHCEHCOPHOIO aHaJIN3a MSICHOTO ChIPbS
pasnnuHoro Buza (1 — cBUHUHA, 2 — TOBAMHA,
3 — msico Kyp, 4 — OapaHuHa, 5 — TensITHHA, 6
— MsICO CTpayca, 7 - MACO UHAEUKH, 8 — MsCO
KpOJIMKa, 9 — OJIeHUHA).

Slika 4. prostorni raspored tacaka multisenzorne
analize mesa razlisitih vrsta (1 — svinjetina,
2 — govedina, 3 — meso kokoSaka, 4 — ovéetina,
5 —teletina, 6 — meso nojeva, 7 — meso Curaka,
8 —meso zecCeva i 9 — meso jelena)

‘-IeTBepTSIX CUCTCMBI KOOleI/IHaT HAa 3HAYUTCIIBHOM
pacCTOSHUHM Jpyr OT Jpyra, 9To OOYyCIIOBJICHO
H3MEHEHHEM OCJIKOBOM CHCTEMbI MBIIIEYHOM TKAHH
B MPOIIECCE 3aMOPAKUBAHMS.

Puc. 5. [IpocTpaHCTBEHHOE PACIOIOKEHUE TOUEK
MYJIBTHCEHCOPHOTO aHajm3a oxJaxaEHHoro (0) u
Ppa3MOpOXKEHHOTO (2) MSCHOTO CHIPhS (CBUHUHA U
TOBSITMHA).
Slika 5. Prostorni raspored tacaka multisenzorne
analize ohladenog (0) i odmrznutog (2) mesa
(svinja i goveda)
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Bonbiioll HayyHbI M NPaKTUYECKUA HHTE-
pec TpencTaBiasieT M3Yy4YEHHE BO3MOXXHOCTH HC-
MOJb30BAaHUA MYJIBTHCEHCOPHBIX aHATUTHYECKUX
CHCTEM JJIsl aHAJIM3a apoMara rOTOBOW MPOAYKIHH.
C s10i1 nenpto Ha mpudope «VOCmeter» nposenu
aHaJM3 JIETYYHX KOMIIOHEHTOB 3alleueHHOTO Msca
(cBMHUHA), TOTYYEHHOTO U3 OXJIAXKIEHHOTO (00p. A
u B) u pazmopoxeHHoro (00p. C) MSICHOTO ChIpbSI.

—8—(Obpasen A
—&—Obpasen B
=—==O0bdpasen C

M2

Ha puc.66 mpeacTaBieHbl «BH3yalbHBIC OT-
MEYaTKW» HCCICIOBAHUSA 00pa3loB 3alle4eHHOrO
Msca. Creayer OTMETHTD, UYTO TOCIe TEPMHUYCCKOM
00paboTKH 00pa3lioB TOMYYCHHBIE «OTIICYATKID
XapaKTePU3yIOTCS  OONBIIMMH  TUIOMIAIAMH  T10
CPaBHEHHIO C «OTIIEYATKaMHU» HMCXOAHOTO MSICHOTO
ceIpbs. IIpu 3TOM TUIOMIAAb «OTIEYATKa» TOTOBOTO
MPOMYKTa, MOJTYYEHHOTO M3 OXJIAKIEHHOTO CHIPHS,

—8—(0bpasen A
=—A—Obpasen B
—=Q0bpasen C

6)

Puc. 6. ,,BusyanbHbie OTIEUaTKH MYJIBTHCEHCOPHOTO aHAIN3a 00Pa3I[0B MICHOTO CHIPbs (&)
W 3a1le4eHHOro Msca (0).
Slika 6. ,,Vizuelni otisci® multisenzorne analize uzoraka sirovog mesa (a) i pecenog mesa (b)

Ha puc.6a BugHO, uto Qopmbl W MUIIOIAAN
«BHU3YaJIbHBIX OTIIEUATKOBY» OXJaXAEHHOTO U pa-
3MOpPOJKEHHOTO MSCHOTO ChIpbsS HE HMEIOT Cyllle-
cTBeHHBIX 0TH4Hi (SBo(00p.A)=17,5%107; SBo(00p.
B)=18,2*107; SBo(00p.C)=17,9*%107) u sBustoTCS
XapaKTepHBIMH JIJIS JAHHOTO BUJA Msca (CBUHUHA).

M3BecTHO, YTO MPH TEPMHUIECKON 00pabOTKe
MsiCa €ro KOMIIOHEHTH! (AMHHOKHCIIOTHI, YIJIEBOJBI
U Ap.) BCTYHAIOT B Pa3JIMYHOTO POJa MPEBPAILEHUS,
JaBas HOBYI0 TraMMy BEILECTB U COCIUHEHUH,
(GopMHUPYIOILYIO apoMaT MSCHBIX H3AEIMU. Ycio-

56*107+136*107 equaUL OOJBIIE «OTIEYATKA)
oOpa3siia U3 pa3MOPOKEHHOTO MsICa, YTO 00YCIIOBIIC-
HO, MO-BUANMOMY, Pa3IMYHON PEaKIIMOHHOM CIIo-
COOHOCTBIO BEIIECTB-TIPEAIICCTBEHHUKOB apomara
B MSICHOM CBIPbE.

B 1abn.1 npuBeneHsl cpaBHUTEILHBIC JaHHBIC
OpPTaHOJIENTHIECKOTO aHaIHu3a, ITONIYICHHBIE TI0
pesyibpraTtaM OLEHKH O0pa3loB JEryCTalMOHHON
KOMHCCHEN 1O 9-0aJIbHOM IIKajie, W ILIOIIaaeH
«BHU3YyalbHBIX OTIEYATKOB» CEHCOPOB MpUOOpa
«VOCmetery.

Tadauua 1. Pe3ynsraTel OLIeHKH 3amaxa 00pa3LoB 3alleYeHHOTO MsIca OPTaHOIEITHYECKUM
Y MHCTPYMEHTAJIbHBIM METOJaMH
Tabela 1. Rezultati ocene mirisa uzoraka pecenog mesa organoleptickim i instrumentalnim metodama

Pe3yabTaThl OleHKH Oo6pazen A Oopa3zen B Oo6pa3zen C
Cpennuii 6amn 7,20+0,05 8,70+0,06 5,80+0,05
llaomaz: «BUSYAlbHOro | 5 4q gx(y 329,5%107 193,0%107
oTneyarkay», S

BUSl KyJAMHApHOW 0OpaOOTKU, BUJA HCIOIB3YEMOTO
CBIpbSl OKa3bIBAIOT CYIIECTBEHHOE BIUSHHE Ha
KOHEUHBIE pe3yibTaThl INpEeBpallleHuil, T.€. COCTaB
apoMaTroOpa3yroIuX CIOKHBIX CMECEeH BEIEeCTB,
OIIPECTSIOMNX CIeUUPHUECKUI 3amax TOTOBOTO
MIPOAYKTA.

Ha ocHoBe maHHBIX CPaBHUTENBHOIO aHAIU3A
IOKa 3aHa Npsmas 3aBUCUMOCTb W3MEHEHHS ILIO-
i «BU3yaJIbHOTO OTIEYaTKa» U OaJTbHOW Op-
TraHOJIENTUYECKON oOLeHKH 3anaxa. [loiayueHHbie
PpEe3yIbTaThINOATBEPANIN BOZMOXKHOCTH TPUMEHEHHUS
MYJIBTUCEHCOPHBIX CUCTEM JJI1 HHCTPYMEHTAJIBHOU
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OIIEHKHM 3alaxa TOTOBOM TPOAYKIHMH C MENbI0
MTOBBINIICHUS 00BEKTHBHOCTH aHAJIH3a.

MyaBTUCEHCOPHBIE CHCTEMBI TaKXKe MOTYT
OBITh YCIEIITHO UCIIOIH30BAHBI JIJIsl OIICHKU apoMara
MSCHBIX TMPOIYKTOB IMPH COBEPIICHCTBOBAHUU TE-
XHOJIOTH, pa3paboTke peuentyp C HCIONb30Ba-
HUCM pa3JIN4YHbIX BUOOB CBLIPbA, apOMAaTHU3aTOpPOB,
npsHOCTel U T.J. B KadecTtBe npumepa Ha puc.’
MMpEACTaBJICHBI «BHU3YAaJIbHBIC OTIICYATKH) IIOKas3a-
HUH CEHCOPOB, MOJYYEHHBIE MPU HCCIECIOBAaHUHU
TOBSIZITHBI 1 CBUHUHBI TTOCIIE BapKH.

—8— CBUHHUHA

=@—ToBAguHa

M3

Puc.7. ,,Busyanbneie oTmeqyarku
MYJIBTUCEHCOPHOTO aHajM3a 00pa3iioB TOBSIIUHBI U
CBUHUHBI TI0CJIC BapKHU.

Slika 7. ,,Vizuelni otisak® multisenzorne analize
uzoraka govedine i svinjetine posle kuvanja

CpaBHUTENBHBIA aHANHU3 «BHU3YAJIbHBIX OT-
MEYaTKOB», TPUBEASHHBIX Ha pHC.7, TO3BOIMI
YCTaHOBUTh aHAIOTUYHYIO JUHAMUKY HAKOTUICHUS
apoMaroOpa3yIoIINX BEIIECTB B TOBSIAWHE M CBU-
HUHE, OJHAKO CBUHMHA o0najnana OoJybliell MHTEH-
CHUBHOCTBIO apoMara, 4eM TIOBSAMHA, MPHU TeX XKe
PEeXUMax TEPMUUECKOH 00pabOTKU MSICHOTO CHIPBSI.

M1

80000 =—Berunna "Pydnenasn”
eT'mHa "Modurenbckasn"
M4 k\\ M2

M3

Puc.8. ,,Busyanpasie oTneyarku
MYJIBTUCEHCOPHOT'O aHaJIN3a KOHCEPBOB BETYMHHBIX,
BBIPaOOTaHHBIX M3 CBUHUHEI (BeTunHa «PyOneHas»)

Y TOBSIMHEI (BeTunHA «JItoOuTembCKasy).
Slika 8. ,,Vizuelni otisak* multisenzorne analize
Sunke u konzervi izradene od svinjskog mesa (Sunka
»isecena® i govedina) (Sunka ,,JIroOuTenbckas™)

Tab6umua 2. [1nomany «BU3yaabHbIX OTIIEYATKOBY
BETYMHHBIX KOHCEPBOB
Tabela 2. Povrsina ,,vizuelnih otisaka® konzervi

Sunke
Pesyabrarsl Berunna Beruuna
OLIEHKHU «Pybsenas» | «JIrodonreabckasmy
ITnomane
«BHU3yanbHOTO |263,3*107 86,2*107
OTIeYarKkay, S

Ha puc.8 um Tabn.2 mpuBeneHBl pe3yabTaThl
HHCTPYMEHTAJIBHOTO  HMCCIIEOBaHUS  pa3zpaboTa-
HHbIX BO BHMIMMII BeTYHMHHBIX KOHCEPBOB, BBI-
paboTaHHBIX U3 PA3IMYHBIX BHUIOB MSICHOTO CBIPHS
(Yepnyxa u cam. 2008).

B pesynbrare nOpoBEeNEHHBIX MCCIEIOBAHUI
YCTaHOBJIEHO, YTO IUJIOLIA/b «BU3YyaJbHOTO OTIIE-
yaTKka» BeT4MHBI «PyOneHas» U3 CBUHUHBI OObIIe
«BHU3YaJIbHOTO OTIIEYATKa» BETYHUHBI «JIr0OMTEINB-
CKas» M3 TOBSIUHBEI (Ta0I.2).

[lony4yeHHble pa3nuuus IIOLIAACH «BU3yalb-
HBIX OTIICYaTKOB», XapaKTEPU3YIOUIMX HHTECHCHUB-
HOCTB apoMarta Msica rocJiie Bapku (puc. 7) 1 KoHcep-
BOB (pHC.8) U3 rOBSIAMHBI 1 CBUHUHBL, 00YCIIOBJICHBI
Pa3IMYHBIM COJEpPKAHUEM KOMIIOHEHTOB MSCHOTO
CBIPBS, ABISIOLINXCS MPENIIECTBEHHUKaMU apoMa-
TOOPa3yIOUINX COSTUHEHUH.

BrIBOABI

[Tonmy4yeHHBIE pe3yabTaTHl  OPTaHOJEIITHIC-
CKOr0 M HMHCTPYMEHTAJIBHOIO MCCIEAOBAHUS MsACA
MOATBEPAWIA MEPCHEKTUBHOCTh HCIIOJIb30BAHUS
MYJBTUCEHCOPHBIX CHUCTEM JUIsl aHaju3a KauecTBa
NPOAYKIUU MSCHOW MPOMBILUIEHHOCTH, B TOM YH-
CcJi€ JIJIsl OLIEHKHU:

- CBEXKECTU MACHOTO CHIPBS;

- MJIEHTU()UKAIIMYA BHIOBON NMPUHAIICKHOCTH
MsCa;

- 3araxa M apomara Msica U MSICOTIPOAYKTOB.

B panbHeliieM B MHCTUTYTE IUIaHUPYETCS
MIPOBEICHNE MCCIIENOBAHUN TI0 pa3pabOTKe METOANK
0OBEKTUBHOTO aHallM3a WHTEHCHBHOCTH apomara
rOTOBOM Tmpoxykiuu Ha npubope «VOCmeter»,
a TaKkXe METOOUK HWACHTU(UKAIMU TOCTOPOHHUX
3armaxoB u (hambCHUQUKAIMHA MSCHOTO ChIpbs. CeH-
COpPHBIE CHUCTEMBI 3aMyT JOCTOMHOE MECTO Cpenu
AHATUTUYECKUX METOAOB MCCICAOBAHMSI KauecTBa
MULIEBON NPOTYKLHUH.
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Cinioci od znacaja za odrzivost ribe i odabranih
proizvoda od ribe u prometu®

Balti¢ Z. M., Kilibarda Natasa, Dimitrijevi¢ Mirjana

Sadrzaj: Riba je jedna od najvrednijih namirnica zivotinjskog porekla u ishrani ljudi. Ulov ribe u svetu je dostigao svoj
maksimum krajem proslog veka. Medutim, trZiste se rastucim potrebama za ribom podmiruje proizvodnjom ribe u akvakulturi.
U prometu se vise od 50 posto ribe nalazi kao sveza riba, manje od jedne cetvrtine kao zamrznuta riba a priblizno ista kolicina
ribe (oko 11 posto) u prometu se nalazi kao konzerva od ribe i kao dimljena riba. Kako je riba lako kvarljiva namirnica nacinu
njenog stavljanja u promet i ¢iniocima od znacaja za njenu odrzivost u prometu posvecuje se posebna paznja.

Kljucne reci: riba, promet, odrZivost

FACTORS SIGNIFICANT FOR THE SHELF-LIFE OF FISH AND SELECTED FISH

PRODUCTS IN RETAIL

Abstract: Fishis one of most nutritive valuable food of animal origin in human nutrition. World fish landing reached
its own maximum at the end of the past century. However, increasing market needs for food products are compensated with
fish production in aquacultures. Over 50% of fish market is covered with fresh fish, less than one quarter is frozen fish and
approximately 11% of market is covered with canned and smoked fish. Fish is very perishable food, so modalities of trading
with fish and fish products and aspects of shelf life are things of major importance in fishing industry.

Key words: fish, trade, shelf-life

Uvod

Riba je, nema sumnje, veoma cenjena i tra-
zena hrana na trziStu. TrziSte se ribom snabdeva
iz dva izvora, odnosno, ribom koja se izlovljava
iz prirodnih resursa (okeani, mora, jezera i reke) i
ribom koja se gaji u akvakulturi. Vodena sredina se
odlikuje raznovrsnoscu zivog sveta i smatra se da
samo riba ima oko 30.000 vrsta. Ekonomski i
komercijalni zna¢aj za ishranu ljudi ima, medutim,
svega oko 65 vrsta riba. Od toga najveci broj vrsta
u prometu se nalazi kao sveza i zamrznuta riba, a
manja koli¢ina ribe se koristi za izradu proizvoda
od ribe. Na nasem trziStu nalazi se Ziva riba, na
razli¢ite naCine obradena sveza i zamrznuta riba
(mozZe i neobradena) kao i proizvodi od riba, uglav-
nom konzerve od ribe, a retko dimljena i soljena
riba.

Riba u ishrani ljudi

Riba u ishrani ljudi ima veliki znacaj i njena
potrosnja narocito se povecala od 1995. godine, ka-
da je svet poceo da shvata znacaj hranljive vrednosti
ribe. Razlozi povecane potrosnje ove namirnice su
saznanja da je meso ribe u mnogo manjoj meri uzrok
zoonoza, u odnosu na meso stoke za klanje, zatim
da je znacajno manje optere¢eno razlicitim aditivima
koji se u savremenoj proizvodnji koriste u svinjar-
stvu i zivinarstvu. Stoga, meso ribe predstavlja zna-
¢ajan, a u mnogim zemljama sveta i dominantan
izvor proteina (od 15—24 posto) Procenjuje se da se
blizu 15 posto potreba za Zivotinjskim proteinima
u svetu podmiruje potro$njom ribe (Balti¢ i Tadic,
2001). U mesu ribe, ukupna koli¢ina aminokiselina
proteina ne razlikuje se znac¢ajno od aminokiselina
proteina mesa stoke za klanje. MiSi¢i ribe sadrze
manje vezivnog tkiva od miSi¢a stoke za klanje,

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17. juna 2009. na Tari

AUTORI: Milan Balti¢, baltic@vet.bg.ac.rs, Mirjana Dimitrijevic, Fakultet Veterinarske medicine, Univerzitet u Beogradu, Bulevar
Oslobodenja 18, Beograd, Srbija; Nataa Kilibarda, Veterinarski specijalisticki institut ,Subotica®, Segedinski put 88,

Subotica, Srbija;

AUTHORS: Milan Baltic, baltic@bg.ac.rs, Mirjana Dimitrijevic, Faculty of Veterinary Medicine, Univerzity in Belgrade, Bulevar
Oslobodjenja 18, Belgrade, Serbia; Natasa Kilibarda, Veterinary specialize institute “Subotica”, Segedinski put 88,

Subotica, Serbia;

166

tehnologija mesa 50 (2009) 1-2, 166-176



Balti¢ 7. M., Kilibarda Natasa, Dimitrijevi¢ Mirjana

pa se, samim tim, meso ribe brze i lakSe resorbuje,
odnosno ima visok koeficijent svarljivosti (Baltic¢ i
Teodorovi¢, 1997). Stru¢njaci, narocito, preporucuju
koriS¢enje ribe i plodova voda u ishrani ljudi zbog
povoljanog sadrzaja proteina, minerala, vitamina, a
posebno esencijalnih masnih kiselina u mesu ribe,
za koje je dokazano da pogoduju u prevenciji mnogo-
brojnih oboljenja (Kilibarda Natasa, 2006, Connor,
2000). Zbog velikog znacaja polinezasi¢enih masnih
kiselina n-3 klase, u Evropi su date i preporuke o
optimalnom dnevnom unosu. Struc¢njaci u Velikoj
Britaniji predlazu da unoSenje pojedinih masnih ki-
selina bude od 200 mg do 1250 mg dnevno. U Dan-
skoj preporuceni unos je 300 mg dnevno, dok u Ne-
mackoj, optimalni unos polinezasi¢enih masnih kise-
lina iznosi 1500 mg dnevno (Mason Pamela, 2000).

Ulov i proizvodnja ribe

Tragovi iz istorije ljudskog roda ukazuju na
to da su ribu u ishrani koristili ve¢ odavnina. Ribo-
lovom je ¢ovek lako i jednostavno dolazio do hrane.
Lov ostalih Zivotinjskih vrsta, sisara, zahtevao je
viSe okretnosti, umesnosti i lukavstva, a uz to bio
je 1 znatno opasniji. Jo§ u kamenom dobu covek se
bavio ribolovom, odnosno koristio je razlifite vrste
udica za ribolov. Vremenom se tehnika ribolova po-
boljsavala, pa su u bakarnom i gvozdenom dobu
kori$¢eni, pored udica, i drugi ribarski alati (mreze,
harpuni). Ribolov je nastao u razli¢itim vremen-
skim periodima u razli¢itim krajevima sveta. U Me-
sopotamiji ribolovom su se bavili 5000 godina pre
nove ere. Gajenje riba u akvakulturi bilo je poznato
u Asiriji 2000 godina pre Hrista. I Kinezi su gajili
ribu u akvakulturi pre rodenja Hrista. Stanovnici Le-
penskog vira takode su koristili ribu u ishrani. Ko-
stur ribe pronaden pri arheoloskim iskopavanjima
na ovom lokalitetu govori o tome da su stanovnici
Lepenskog vira izlovljavali ribu ¢ija je masa bila oko
200 kilograma. Stari Grei su bili dobri poznavaoci
ribe i ribolova, a Aristotel se i nau¢no bavio prouca-
vanjem riba i ribolova, posebno tuna (Balti¢ i Teodo-
rovi¢, 1997; Kilibarda, 2006; Chazistefanou, 2008).

Riba je oduvek bila posebno cenjena u ze-
mljama koje su imale izlaz na more, a ako su uz to
postojali i oskudni uslovi za razvoj poljoprivrede,
tada je razumljiv i znacaj ribarstva za te zemlje. Ulov
ribe u svetu u 20. veku porastao je od pocetka veka
skoro za dvadeset puta. Naime, 1900. godine ulov
ribe u svetu bio je oko pet miliona tona, da bi na
kraju 20. veka bio blizu 100 miliona tona. Ovaj obim
ulova nije ostao bez posledica, odnosno ugrozio je
opstanak najcesce lovljenih vrsta. Ukupan ulov ribe
pocetkom 21. veka dostigao je svoj maksimum od
95,61 milion tona (2000. godine) i od tada se nije
povecavao. ProseCan ulov ribe od 2000. do 2005.

godine bio je 93,31 milion tona. Najveci ulov ribe
i plodova voda u svetu ostvaruje u poslednjih pet
godina Kina (2000.-2005. godina) i on iznosi 16,60
miliona tona. Medu deset zemalja sa najve¢im ulo-
vom ribe i plodova voda u svetu su pored Kine, Pe-
ru, SAD, Japan, Indonezija, Cile, Indija, Ruska Fede-
racija, Tajland i Norveska (Kilibarda i sar., 2008).
Poslednjih godina proizvodnja ribe u akva-
kulturi ima prosecni godis$nji porast izmedu 9 i 10
posto. Toliko povecavanje proizvodnje nema nijedna
grana stocarstva. Ima misljenja da ¢e za 30 do 40
godina proizvodnja ribe u akvakulturi, zajedno sa
ulovom ribe iz prirodnih resursa, biti, po koli¢ini,
ista kao $to je to proizvodnja mesa stoke za klanje.
Akvakultura je jedini nacin da se zadovolje rastuce
potrebe za ribom. Ulov ribe, od 1950. do 2000.
godine, se stalno povecavao, a od tada stagnira,
dok proizvodnja plodova voda u akvakulturi stalno
raste. Proizvodnja ribe u akvakulturi nije se znatnije
menjala od 1950. do 1980. godine. Od 1980. do
2005. godine proizvodnja ribe u akvakulturi pove-
¢ala se za viSe od deset puta, tako da je 2005. godine
bila oko 48 miliona tona. U akvakulturi, se najcesce,
gaje Saranske vrste riba (tostolobik, Saran i amur),
(Kilibarda i sar., 2008; Mitrovi¢- Tutundzi¢ i Baltic,
2000). U ukupnoj proizvodnji ribe i plodova voda
1950. godine bilo je najvece ucesce mekusaca (46,53
posto) a zatim slatkovodne ribe (41,72 posto). Posle
30 godina odnosno, 1980. godine u proizvodnji plo-
dova voda slatkovodna riba ucestovala je sa 44,61
posto, a mekusci sa 39,11 posto. Ucesce slatkovodne
ribe proizvedene u akvakulturi se i dalje povecavalo,
tako da je 2005. godine, u ukupnoj proizvodnji imala
udeo od 54,03 posto. Proizvodnja mekusaca je 2005.
godine bila 28,19 posto. Riba u akvakulturi moze da
se proizvodi u slatkim, morskim i bo¢atnim vodama.
Proizvodnja ribe najveca je u slatkim vodama i ona
je 2005. godine iznosila 57,52 posto od ukupne pro-
izvodnje ribe u akvakulturi. Uces¢e proizvodnje ribe
umorskim vodama, u akvakulturi bilo je 34,72 posto,
a ucesce proizvodnje ribe u bocatnim vodama 2005.
godine bilo je 7,76 posto (Kilibarda i sar., 2008).

Namena ulovljene i proizvedene ribe

Ulovljena riba kao i riba proizvedena u akva-
kulturi iskori§¢ava se na razliCite nacine, §to zavisi
od mnogobrojnih ¢inilaca (vrste ribe, obima ulova
razli¢itih vrsta, mogucnosti prerade, zahteva trzista
i drugog). Najosnovnija podela ribe, po nameni, za-
sniva se na tome da li je ulovljena, odnosno proiz-
vedena riba namenjena za ishranu ljudi ili se koristi u
druge svrhe. Od ukupno ulovljene i proizvedene ribe
od 2000. do 2005. godine za ishranu ljudi koristilo
se od 97 037 do 108 009 miliona tona, ili od 74,00
posto do 76,40 posto. Za ostale svrhe koristilo se
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od 30 824 do 34 675 miliona tona ribe, ili od 22,40
posto do 26,00 posto. Riba namenjena ishrani ljudi,
najcesce, se koristi kao sveza riba (vise od 50 posto),
a neSto manje od jedne Cetvrtine se stavlja u promet
kao zamrznuta riba. Priblizno ista koli¢ina ribe (od
10 do 11 posto) koristi se za proizvodnju konzervi,
odnosno za druge vidove konzervisanja (dimljena,
soljena i susena riba). Riba koja nije namenjena za
ishrnu ljudi, uglavnom, se koristi za proizvodnju
ribljeg brasna (od 70,40 posto do 82,00 posto), ali
i za druge svrhe (ishrana riba u akvakulturi, ishrana
pasa i drugih karnivora, tehni¢ko ulje, dubrenje ze-
mljiSta, galanterija i drugo) (Mirilovi¢ i sar., 2008).
Od ukupno ulovljene i proizvedene ribe u svetu, od
2000. do 2005. godine, izmedu 36,6 i 44,4 posto bilo
jenamenjeno izvozu, a ostali ve¢i deo je bio je name-
njen domacoj (sopstvenoj) potrosnji. Najvecéi uvoz-
nici ribe su Japan i SAD, ¢ija je vrednost uvezene
ribe za 2005. godinu iznosila skoro 12 milijardi do-
lara. U svetu je 18 zemalja sa vredno$¢u uvezene
ribe ve¢om od milijardu dolara. Najveéi izvoz ribe
u svetu ostvaruje Kina, koja je 2005. godine izvezla
ribe u vrednosti od 7,5 milijardi dolara. U svetu su
jos§ 23 zemlje ¢ija je vrednost izvoza 2005. godine
bila veca od milijardu dolara. Za pojedine zemlje
ribarstvo je znacajna privredna grana. O tome govori
podatak o ucescéu ribarstva u ukupnom izvozu ribe,
kao posebno vrednog proizvoda. Tako, 99,1 posto od
ukupne vrednosti poljoprivredne proizvodnje Maldi-
va Cini riba. Izvoz ribe sa Islanda u vrednosti ukup-
nog izvoza poljoprivrednih proizvoda, ucestvuje
sa 94,9 posto. U Norveskoj je taj procenat nesto
manji (87,50 posto). Zbog velike potraznje mnoge
zemlje su i znacajni uvoznici ribe. U Japanu, od
vrednosti uvoza ukupnih poljoprivrednih proizvoda
riba ucestvuje sa vise od jedne petine (21,20 posto).
Riba u ukupnoj vrednosti uvoza poljoprivrednih
proizvoda znacajnog udela ima i u Portugaliji, Ko-
reji, Svedskoj, Hong Kongu, SAD itd. Srbija uvozi
znatne koli¢ine ribe; tako je vrednost uvoza bila,
u proseku, za period od 2001. do 2006. blizu 40
miliona dolara, a obim, u proseku 24,4 hiljade tona
(Radosavljevié i sar., 2008).

Potrosnja ribe

Prosecna godisnja potro$nja ribe u svetu, od
2003. do 2005. godine, bila je 16,4 kilograma po sta-
novniku. Prose¢na potrosnja ribe, u istom periodu,
u zemljama u tranziciji, bila je 10,8 kilograma, a u
industrijski razvijenim zemljama 29,5 kilograma. Po-
smatrano po regionima, najveca potrosnja ribe je u
Okeaniji i iznosi 22,3 kg, zatim u Evropi, sa 20,2 kg
i u Severnoj Americi, sa 17,9 kg po stanovniku go-

diSnje. Najve¢i svetski potrosa¢ ribe je ostrvska
drzava Maldivi, sa potrosnjom od 202,3 kg po
stanovniku, zatim slede, takode, ostrvske drzave Is-
land (91,0 kilograma), Grenland (85,0 kilograma)
i Farska ostrva (87,0 kilograma). Prose¢na godi-
$nja potro$nja ribe u zemljama EU (EU-15), u na-
vedenom periodu, bila je 25,7 kilograma. Od ze-
malja Evropske unije najmanju potro$nju ribe ima
Austrija (11,0 kg), a najvecu Portugalija (57,0 kilo-
grama). Prose¢na godiSnja potroSnja ribe po stanov-
niku u novoprimljenim zemljama Evropske unije
(EU-12) je 8,4 kilograma. Od ovih zemalja najmanja
potro$nja ribe je u Rumuniji (3,5 kg), a najveca u
Litvaniji (41,0 kilograma). Od evropskih zemalja
izvan Evropske Unije prosecna godisnja potroSnja
po stanovniku u Svajcarskoj je 15,0 kilograma,
a u Norveskoj 49,0 kg. Od zemalja bivsih ¢lanica
SFRJ najmanju potro$nju ima Srbija (vise od 5,0
kilograma), a najve¢u Hrvatska (13,2 kilograma).
U Ruskoj Federaciji prose¢na potro$nja ribe po
stanovniku je 17,3 kilograma. U zemlji sa najve¢im
ulovom i proizvodnjom ribe u akvakulturi u sve-
tu, Kini, prosecna godiSnja potro$nja ribe po sta-
novniku je 26,0 kilograma. U Africi prosecna godi-
$nja potroSnja ribe po stanovniku je najmanja u
Etiopiji (0,2 kilograma), a najve¢a u Gabonu (37,2
kilograma). Iz navedenih podataka moze da se za-
kljuci da je potrosnja ribe u svetu veoma razlicita
od zemlje do zemlje, $to je uslovljeno, pre svega
geografskim poloZzajem, tradicijom, ekonomskim
razvojem, navikama itd. (Leki¢-Arandelovié i sar.,
2008).

Potros$nja ribe je kod nas prema podacima
o ulovu, proizvodnji u akvakulturi i uvozu ribe,
nesto veéa od 5 kilograma po stanovniku godisnje.
U nasoj zemlji potro$nja ribe ne zadovoljava se
domacom proizvodnjom, ve¢ se i uvozi. Dok pro-
izvodnja i ulov beleze pad poslednjih godina, uvoz
drasticno raste. Tako je uvoz ribe od 2001. sa 17
hiljada tona porastao na 29 hiljada tona 2006. go-
dine. Riba se u nasoj zemlji jede najvise za vreme
tradicionalih praznika i u dane posta. Smatra se da
nepoljoprivredna domacinstva trose 4,1 kilogram
ribe, meSovita 3 kilogram a poljoprivredna 2,9 ki-
ograma godisnje, a da se meso ribe koristi u 95,07
posto domacdinstva, dok 57,3 posto domacinstava
koristi ribu jednom nedeljno, a 39,55 posto samo u
vreme posta. Razlog relativno niske potro$nje mesa
riba kod nas je slaba kupovna mo¢ stanovnistva,
ali 1 ograniCena i neadekvatna ponuda na trzistu,
kao 1 nedostatak navike kori$¢enja ribe u ishrani.
Asortiman ponude ribe na nasem trzistu je ograni-
¢en, odnosno, mali broj vrsta riba se nudi potrosacu,
koji uvek zeli raznovrsnu ribu u ponudi. Kada je u
pitanju ponuda morske ribe, na nasem trzistu se, od
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plave ribe, mogu da nadu skusa, sardela, papalina,
haringa, a od bele ribe osli¢, Skarpina, brancin, zuba-
tac, orada i losos. Kada je u pitanju slatkovodna riba,
u ponudi je najzastupljenija riba iz akvakulture, od-
nosno Saranske i pastrmske vrste riba (Saran, amur,
tolstolobik, pastrmka). Ponuda ribe na nasem trzistu
je neadekvatna. U njoj se, ¢esto, moze da nade riba
koja je ziva ili zamrznuta, $to nije povoljno za kup-
ca, jer on trazi ribu koja je o¢is¢ena, konfekcionirana
1 delimic¢no pripremljena, ili spremljena za upotebu.
Prodaja zive ribe je najnepovoljniji nacin ponude za
potrosaca. Toplovodne ribe se kod nas, uglavnom,
prodaju zive u ribarnicama i kao takve nisu pogod-
ne za brzu pripremu (Kilibarda, 2006; Balti¢ i Teo-
dorovic, 1997; Milanovi¢, 2000).

Nacin obrade ribe za promet

U odosu na nacin obrade, riba u promet moze
da se stavi u razli¢itim oblicima: a) Ziva i mrtva
riba (ona koja nije egzenterirana i ociS¢ena); b)
primarno obraden trup, $to podrazumeva trup ribe
bez krljusti i unutras$njih organa); c) obraden trup,
Sto podrazumeva trup ribe bez krljusti, peraja, unu-
trasnjih organa i glave; d) naresci od ribe, pod kojim
se podrazumevaju delovi obradenog trupa dobijeni
popre¢nim seCenjem trupa u delove (naresci); e)
fileti od riba, Sto podrazumeva delove obradenog tru-
pa ribe, odrezane sa obe strane, od grudnog peraja
do repa, paralelno sa ki¢menim stubom (Balti¢ i
Teodorovi¢, 1997). Riblji fileti 1 naresci mogu da
se pripremaju od sveze i zamrznute ribe. Fileti ne
sadrze kosti. Riblji fileti su komadi mesa odrezani
sa obe strane ribe, od grudnog peraja do repa. Naj-
ceScée vrste fileta su: a) fileti sa kozom; b) fileti bez
koze; c),leptir” filet (levi i desni filet spojen sa
trbusnim delom koze. Fileti mogu da sadrze i trbusni
deo miSic¢a, ali su tada manje kvalitetni (cenjeni).
Riblji naresci se dobijaju seCenjem ribe okomito na
ki¢meni stub. Ako se riba filetira pre rigor mortis-a
ona kasnije prolazi kroz rigor mortis, a kako misici
nisu podupreti skeletom oni lako pucaju. Filetiranje,
zbog toga, treba da se uradi tek kada popusti rigor.
Filetiranje ribe je tesko u rigor-u i ne preporucuje se,
bez obzira da li se izvodi ru¢no, ili masinski (Baltic¢ i
Teodorovic, 1997; Roth i sar.,20006).

Nacin stavljanja sveZe ribe u promet

Riba se u promet stavlja ziva (drzi se u vodi),
ohladena (poledena), ohladena upakovana u vaku-
um ili MAP i zamrznuta. Ve¢ je napomenuto da je
za potroSaca najnepovoljnije stavljanje Zive ribe
u promet. To se, naroCito, odnosi na gradsko sta-

novnis§tvo koje je, inace, u naSoj zemlji i najveci
potrosac ribe (Pordevié, 2008). Na naSem trzistu
najzastupljenija je, u prometu, Ziva i zamrznuta
riba (osli¢, skusa). Zamrznuta riba je i najCeséi pred-
met uvoza ribe. U svetu je u prometu sveza riba
zastupljena sa vise od 50 posto od ukupne ponude
ribe (Mirilovi¢ i sar., 2008). Riba se najcescée stavlja
u promet ohladena (poledena), odnosno izmeSana sa
ledom u odnosu 1 : 1, ili je koli¢ina leda veéa od
koliCine ribe, ¢ak do odnosa 2 : 1. Ovaj nacin stavlja-
nja ribe u promet najcesce se nalazi u velikoprodaji,
odnosno specijalizovanim velikoprodajnim centrima
namenjenim samo prodaji ribe.

Odrzivost sveZe ohladene ribe zavisi od mno-
gobrojnih cinilaca (kvaliteta i temperature vode,
odnosno njenog bakterioloskog statusa, gladovanja
ribe pre izlova, postupaka sa ribom posle izlova,
uslova transportovanja, izlozenosti stresu, postup-
ka omamljivanja, iskrvarenja, evisceracije, pranja,
obrade trupa, i drugo). OdrZivost sveZe slatkovodne
ribe, kao §to je navedeno, zavisi od mnogobrojnih
¢inilaca, koji mogu de se podele na premortalne i
postmortalne. Od premortalnih poseban znac¢aj ima
bakterioloski status vode iz koje je riba izlovljena,
njen kvalitet i temperatura, odnosno kod Saranske
ribe godisnje doba izlova, gladovanje pre izlova,
postupaka sa ribom u toku samog izlova i posle
izlova (pranje, posebno pranje $krga), nacina i du-
zine transportovanja, posStovanje dobrobiti radi
smanjenja stresa, itd. Postupci koji su vezani za
obradu ribe, a uklju¢uju omamljivanje, iskrvarenje,
uklanjanje krljusti i sluzi, evisceraciju i pranje, a
koji se ubrajaju u posmortalne postupke sa ribom,
mogu znacajno da uti¢u na bakterioloski status i
kontaminaciju ribe, kako bakterijama koje poticu od
vodene sredine, odnosno koje riba nosi sa sobom,
tako i bakterijama koje nisu karakteristi¢ne za ribu, a
kontaminiraju je u toku obrade, bilo zbog toga Sto su
prisutne na rukama radnika, opremi, ili povr$inama
sakojimariba dolazi u kontakt. Stepen kontaminacije
ribe u toku obrade moze da se smanji poStovanjem
principa GMP (Dobra proizvodacka praksa — Good
Manufacturing Practice), GHP (Dobra higijenska
praksa — Good Hygiene Practice) i SOP (Standardni
operativni procesi — Standard Operative Procedure).
Od posebnog znacaja je da se proces obrade ribe
odvija dovoljno brzo i bez nepotrebnog zadrzavanja.
U stvari, brzinu toka operacija obrade treba definisa-
ti kao meru dobre proizvodacke prakse. Ribu posle
zavrSene obrade treba odmah polediti, odnosno
izmesSati sa ledom (najbolje ljuspice leda) dobijenim
od vode za pic¢e. Za skladiStenje poledene ribe
koriste se prostorije u kojima je temperatura 0°C.
U literaturi, podaci o odrzivosti ribe odnose se vise
na morsku ribu dok su podaci o odrzivosti pastrmke
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i Saranske ribe (Saran, amur, tolostolobik) oskudni
(Karabasil i sar., 2005; Pordevic i sar., 2006; Huss,
1995).

Prodaja poledene ribe u supermarketima nije
neuobicajena. Medutim, supermarketi su danas vise
zainteresovani za prodaju pakovane ohladene ribe.
Kao i kod svih drugih namirnica tako i kod ribe
pakovanje ima znacajnu ulogu u o¢uvanju higijen-
ske ispravnosti i kvaliteta ribe, odnosno ima prete-
zno protektivnu, a manje funkcionalnu ulogu. Pored
toga, pakovanje ima ulogu da privuce potrosaca, sto
znaci da treba da izgleda dekorativno i atraktivno.
Pri tome je od posebnog znacaja mogucnost da se
preko originalno upakovanog proizvoda, koji je
i deklarisan, potrosa¢ blize upozna sa podacima
koji ga informiSu o kupljenom proizvodu, da bi ga
viSe zainteresovao. To su podaci o vrsti ribe, ceni,
energetskoj vrednosti, sadrzaju masti, uslovima ¢u-
vanja, roku odrzivosti, na¢inu upotrebe itd. (Cutter
Nettles, 2002.; Singh i Heldman, 2001). Upakovana
riba pruza potro$acu i veéu sigurnost da se radi o ribi
koja je zdravstveno bezbedna. Danas se u naucnoj i
stru¢noj literaturi vrlo cesto govori o pakovanju ribe.
Pri tom, dva su osnovna vida pakovanja sveze ribe:
pakovanje ribe vakuumiranjem i pakovanje ribe
u modifikovanoj atmosferi gasova (Cutter Nettles
Catherine, 2002). Za pakovanje se moze reci da je
hrane, $to nije iznenadujuce s obzirom na ¢injenicu
da je to u Citavom lancu proizvodnje hrane, a na-
rocito proizvodnje svezeg mesa i sveze ribe, jedna
od najkriticnijih tacaka. Naime, nacin distribucije
1 postupci sa ribom u toku ¢uvanja, u maloprodaji
pruzaju mnogobrojne moguénosti kontaminacije
ribe razli¢itim bioloskim opasnostima, narocito ba-
kterijskim, odnosno pruzaju mogucnosti za rast i
razmnozavanje bakterija, posledicno kvaru kao i
stvaranju toksina. Vakuum pakovanje hrane ima
relativno dugu tradiciju. Pod vakuumiranjem se
podrazumeva postupak izvlacenja vazduha, posebno
kiseonika iz pakovanja. Na taj nacin unutar pako-
vanja nastaju posebni mikroklimatski uslovi koji
koCe razvoj gram-negativnih bakterija, pa, zbog
toga, u vakuumiranim proizvodima preovladavaju
gram-pozitivne bakterije, mle¢nokiselinske bakte-
rije, laktobacili, pediokoke i Brochothrix thermo-
spachta. Pri tome nije iskljuena moguénost rasta
i drugih bakterija (salmonele, aeromonade, klo-
stridije, jersinije ilisterije), (Dimitrijevi¢, 2007,
Kilibarda, 2006). Razume se da vakuumiranje,
samo po sebi, nema duzi konzerviSu¢i efekat. Taj
efekat se postize skladiStenjem pri temperaturama
koje dodatno onemogucavaju, odnosno usporavaju
rast bakterija. Zbog toga se vakuumirana riba i
skladisti pri temperaturama koje ne prelaze +4°C.

Danas se sve Cesce govori o pakovanju sveZe ribe
u modifikovanoj atmosferi (MAP). Delovanje ovog
pakovanja je slicno delovanju vakuuma. Razlika
je u tome §to se kod vakuum pakovanja unutrasnji
mikroklimatski uslovi koji uzrokuju inhibiciju
rasta bakterija (stvaranje ugljen-dioksida, pad pH),
razvijaju u samom pakovanju u toku skadiStenja pro-
izvoda, dok kod pakovanja u MAP, smeSa gasova
inicira te uslove. MAP moze da se definiSe kao ,,na-
¢in pakovanja pri kome se iz pakovanja uklanja vaz-
duh i zamenjuje jednim ili smeSom gasova“. Izbor
gasova pri tom uslovljava, uglavnom, vrsta proizvo-
da koji se pakuje. [zmenom sastava atmosfere unutar
pakovanja odrZzivost proizvoda moze znacajno da se
produzi. Kod sveze ribe, kao $to je to slucaj i kod
vakuumiranja, pakovanje u MAP samo po sebi nema
znacajniji konzerviSu¢i efekat. Zbog toga se i ono
kombinuje sa hladenjem, pa tako i skladistenje sveze
ribe upakovane u MAP zahteva temperaturu ne vecu
od 3°C. Za pakovanje u modifikovanoj atmosferi
najces¢e se i, uglavnom, koristi smeSa ugljen-
-dioksida, azota i kiseonika u razli¢itim odnosima.
Kiseonik stimuliSe rast aerobnih, a inhibira rast
striktnih anaerobnih bakterija, ugljen-dioksid inhi-
bira rast mikroorganizama u logaritamskoj fazi
rasta 1 produzava im lag fazu rasta, dok azot inhi-
bira rast aerobnih mikroorganizama istiskujuéi ki-
seonik u pakovanju. Kiseonik moze da ubrza pro-
ces oksidacije masti (uzeglost), a azot taj proces
usporava. U literaturi postoje mnogobrojni podaci o
upotrebi pakovanja ribe u MAP i oni se u najveéem
broju slucajeva odnose na pakovanje sveze morske
ribe. Retko su opisani postupci da se odmrznuta
riba, temperirana na temperaturama hladenja pakuje
u MAP i skladisti u prometu hladenjem. MozZe se
prakti¢no re¢i da se ova moguénost samo pominje
(Paviov, 2007; Gonzales- Rodrigez i sar., 2002;
Cutter Nettles, 2002). Prema Odredbi Evropske
unije o materijalima i predmetima koji dolaze u do-
dir s hranom koja je stupila na snagu 2004. godine,
dopusteno je uvodenje ,aktivne” i ,inteligentne”
ambalaze. Pod pojmom ,,aktivna” ambalaza definiSe
se materijal koji je konstruisan na nacin da otpusta
aktivne komponente u hranu, ili ih apsorbuje iz
hrane sa ciljem produzenja trajnosti ili odrzavanja
ili poboljsavanja uslova pakovanja (Cutter Nettles,
2002).

Pod ,,inteligentnom” ambalazom podrazumeva
se materijal koji dolazi u dodir sa hranom i koji
ujedno ukazuje na stanje upakovane hrane, pa sa-
mim tim daje informaciju o sveZzini, odnosno kvalite-
tu proizvoda, a da pri tome nije potrebno otvaranje
ambalaze da bi se proverio kvalitet. Tipi¢ni primeri
»inteligentne” ambalaze sadrze pokazatelje vremena
i temperature, a ucvrs¢uju se na povrsinu ambalaze.
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Na isti na¢in mogu da se upotrebe i pokazatelji
prisutnosti kiseonika i ugljen-dioksida. Postoje i
pokusaji upotrebe pokazatelja razvoja kvarenja pro-
izvoda, koji reaguju sa isparljivim supstancijama
nastalim u hemijskim, enzimskim ili mikrobnim
reakcijama razgradnje. Takode, postoji i moguénost
ispitivanja prisustva i kontrolisanja nezeljenih mi-
kroorganizama. U ovoj kategoriji ambalaze posebno
mesto zauzima ,,elektronski papir”. Radi se o teh-
nologiji papirnog tankog displeja, koji bi mogao
da se koristi umesto klasi¢nih nalepnica, u svakoj
vrsti pakovanja i ambalaze. Trenutno problem nije
u tehnologiji, ve¢ u ceni, koja dostize i 40 dolara
po komadi¢u od nekoliko kvadratnih santimetara
(Cutter Nettles, 2002).

Kroz istoriju, ljudi su se trudili da razviju
sredstva koja ¢e da obezbede zastitu hrane od
dejstva vremena i uticaja okoline. Znac¢aj pakovanja
hrane je u tome §to ono obezbeduje Cetiri osnovne
funkcije. Prva i osnovna funkcija je ta $to pakovanje
hrane omogucava da se odrzi integritet hrane u
toku procesa proizvodnje, distribucije i prodaje.
Zatim, pakovanjem hrane u razlicite vrste ambalaze,
omogucéava se njena zaStita od dejstva bioloskih,
fizickih i hemijkih opasnosti; zatim zastita od oksi-
dacije obezbeduje odrzavanje originalnih senzor-
nih svojstava hrane tokom cuvanja, odnosno odr-
zava se kvalitet namirnica i bezbednost koji su
postignuti nekim od procesa konzervisanja, §to, sve
zajedno, pruza bolju odrzivost hrane. Zastita hrane
koja se postize pakovanjem predstavlja, ujedno, i
najznacajniju funkciju pakovanja. Ambalaza koja
se koristi pri pakovanju hrane ima za cilj i da potro-
Satima pruzi informacije o hrani, zatim podatke
o sastavu, hranljivoj vrednosti, poreklu, datumu
proizvodnje i roku upotrebe, kao i da se sa jedinstve-
nih bar kodova moze da utvrditi sledljivost upako-
vane namirnice. Jo§ jedna od funkcija pakovanja
hrane je ta S§to potroSatima olakSava rukovanje
namirnicama i nosi sa sobom niz pogodnosti prili-
kom kori§¢enja hrane, §to se odnosi na veli¢inu
pakovanja, lako¢u otvaranja i moguénost ponovnog
zatvaranja (Singh i Heldman, 2001). Prema trzi§nim
pokazateljima, industrija ambalaze je, trenutno jedan
od najbrze rastucih industrijskih sektora, posebno u
prehrani. I danas se unapreduju postojeci i pronalaze
novi nacini pakovanja hrane, a sve radi produzenja
njene odrzivosti, zadrzavanja originalnih svojstava,
poboljsanja kvaliteta, i pre svega, radi proizvodnje
hrane koja je bezbedna po zdravlje potrosaca.
Tome doprinose razvoj zakona i regulativa, koje, u
velikoj meri, osiguravaju bezbednost potrosaca, Sto
i predstavlja imperativ u proizvodnji hrane (Singh i
Heldman, 2001).

Bezbednost sveZe ribe u prometu

Sveza riba je, bez sumnje, lako kvarljiva na-
mirnica, $to je posledica njenog specificnog sastava
i grade. Kvar ribe je posledica rasta i razvoja
mikroorganizama, aktivnosti enzima ribe i promena
na mastima. Za mikroorganizme riba moze da se
kaze da pripadaju dvema osnovnim grupama. Jednu
¢ine bakterije koje su prirodno, ili indirektno prisu-
tne u vodenoj sredini, a oznacavaju se kao specificne
(domace) i posledica su kontaminacije vode otpad-
nim materijalom. Primer ove grupe bakterija koje
mogu da budu zdravstveni hazard su Aeromonas
hidrophila, Clostridium botulinum, Vibrio colerae,
Vibrio vulnificius 1 Listeria monocytogenes. Bakteri-
je koje nisu ,,domace* (nisu svojstvene ribi), a zna-
¢ajne su za zdravlje ljudi, ukljucuju Enterobacte-
riaceae, kao §to su to Salmonella spp spp., Shigel-
la spp., i Echerichia coli. Ostale vrste koje mogu
da budu znacajne za zdravlje ljudi i koje se retko
izoluju iz riba su Edwardsiella tarda, Pleisomonas
shigeloides 1 Yersinia enterocolitica. Staphyoccocus
aureus moze, takode, da se pojavi i moze da proiz-
vede termorezistentni toksin. Specificne patogene
bakterije, kada su prisutne u svezoj ribi, Cesto se
nalaze u sasvim malom broju iako je proizvod
adekvatno termicki obraden pre upotrebe (jela). U
ovom slucaju opasnost po zdravlje ljudi nije znacaj-
na. U toku skladistenja (hladenja ribe) specifi¢ne
bakterije koje izazivaju kvar ribe umnozavaju se
brze od specifi¢nih patogenih bakterija, tako da se
riba pokvari pre nego Sto postane toksi¢na pa je, kao
takvu (pokvarenu), potrosac¢ odbacuje (ne prihvata).
Opasnost od patogenih bakterija moze da se kontro-
liSe zadovojavaju¢om toplotnom obradom koja
,»ubija“ bakterije, drzanjem ribe na niskim tempe-
raturama i spreCavanjem postprocesne kros konta-
minacije. Vibrio vrste se, uglavnom, susre¢u u za-
livima i priobalju, a njihova brojnost zavisi od dubine
vode i nivoa plime i oseke. One su, ¢esce, u toplim
vodama i mogu da se nadu tokom letnjih meseci.
Vibrio vrste su, takode, i prirodni kontaminenti
,bocatnim* vodama u tropskim predelima i mogu
da se nadu u ribama koje se tu gaje u akvakulturi.
Opasnost od Vibrio vrsta prisutnih u ribi moze da
se kontroliSe toplotnom obradom i preveniranjem
kros kontaminacije gotovih proizvoda (proizvoda
pripremljenih za jelo). Opasnost po zdravlje ljudi
moze, takode, da se umanji brzim hladenjem posle
ulova, §to smanjuje moguénost razmnozavanja
ovih bakterija. Neke vrste Vibrio parahaemolyticus
mogu da budu patogene. Sveza riba moze da bude
uzrok oboljenja ljudi zbog toga §to u njoj mogu da
se nadu patogene bakterije (C. botulinum tip E i
neproteoliticki tip B i1 F, patogene vrste Vibrio, A.
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hydrophila, Pleisomonas shigeloides), ili, ¢es¢e, Li-
steria monocytogenes, C. botulinum tip A 1 B, C.
perfigens, Bacillus vrste ili bakterije Ciji su rezer-
voar ljudi ili zivotinje (Salmonella, Shigella, E. coli,
Staph. aureus). Od navedenih bakterijskih vrsta
najvecu zabrinutost pri pakovanju u anaerobnim
uslovima predstavljaju C. botulinum tip E i nepro-
teoloticki tip B kao 1 Listeria monocytogenes. Riba,
pored bakterija i njihovih toksina, moze da sadrzi
i biogene amine, od kojih je najpoznatiji skom-
brotoksin (histamin) koji je narocito ¢est kod plave
morske ribe (skuSa, haringa). Deo opasnosti po
zdravlje ljudi mogu da budu i materijali za pakova-
nje (alergeni). Materijali za pakovanje moraju da
imaju ateste da mogu da se koriste za pakovanje hra-
ne. Pri pakovanju ribe nisu iskljucene ni fizicke opa-
snosti (metal, plastika, krljusti, kosti kod fileta bez
kosti). Bezbednost sveze ribe u prometu bilo da se
radi o poledenoj ili upakovanoj ribi (vakuum, MAP),
kao i bezbednost dimljene ribe zavisi od mnogobroj-
nih faktora (vrste ribe, stepena kontaminacije, naci-
na obrade, temperature skaldistenja itd). Bezbednost
ribe u prometu, moze da se osigura savremenim
principima koji se primenjuju u bezbednosti hrane,
$to znaci poStovanjem i primenom principa dobre
proizvodacke prakse (GMP), dobre higijenske prak-
se (GHP), standardnih operativnih procedura (SOP)
i, konac¢no, uvodenjem, kako u proizvodnju, tako i
u promet HACCP koncepta. Osnovni cilj uvodenja
HACCP koncepta je stavljanje pod kontrolu bio-
loskih, hemijskih i fizickih S$tetnih agenasa koje
mogu da budu opasni po zdravlje ljudi (Karabasil i
sar., 2005; Pordevic¢ Vesna i sar., 2006; Dimitrijevic,
2007; Joffraud i sar., 2001; Huss, 1995).

Konzervisanje riba zamrzavanjem

Konzervisanje zamrzavanjem je najcesci i naj-
konzervisanja najmanje utice na osobine mesa ribe.
On se primenjuje, kako za ribu koja je namenjena
potrosacima, tako i za ribu koja je namenjena za
preradu (Balti¢ i Teodorovié, 1997; Sosa, 1989).
Promene zamrznutog mesa ribe odnose se na pro-
mene nastale na proteinima i promene nastale na
mastima. Izrazenost tih promena (strukturne, fizicke
i fizicko-hemijske) zavisi od nacina zamrzavanja
(brzo ili sporo), visine temperature, duZzine traja-
nja skladiStenja, nacina odmrzavanja, vrste ribe,
stanja ribe pre zamrzavanja, itd (Sosa, 1989; Ward
i sar, 2000; Sigurgisladottiri sar, 2000). U toku
zamrzavanja mesa ribe nastaju promene u prostor-
noj strukturi proteina i preuredenju veza izmedu
proteinskih molekula, $to ima za posledicu njihovu

denaturaciju. Denaturisani proteini se slabije rastva-
raju i imaju manju sposobnost zadrzavanja te¢nosti
(soka). Proteini miofibrila zamrznute ribe se slabije
ekstrahuju. Iz mesa ribe koje je bilo zamrznuto
moze da se ,,iscedi” oko 25 posto vode. Denaturacija
proteina zamrzavanjem je spor, ireverzibilan proces,
a ispoljava se posle odmrzavanja gubitkom te¢nosti
(,,drip*), promenama izgleda, teksture, mirisa i uku-
sa. Meso postaje ,,mutno®, drvenasto, vlaknasto i
zilavo, a posle kuvanja je suvo. Meso dobija karakte-
ristiCan ukus (,,na ustajalu® ribu). Riba nije podesna
za proizvodnju dimljenih proizvoda, zato Sto posle
dimljenja ne poprima gladak i sjajan izgled koji je
svojstven za ovu vrstu proizvoda. Ovi negativni
efekti zamrzavanja su mnogo izrazeniji kod bele ribe
koja sadrzi malo masti (Balti¢ i Teodorovi¢, 1997;
Sosa, 1989; Einen i sar., 2002). Promene nastale na
mastima vezane su za procese lipolize 1 oksidacije.
Procesi lipolize u toku zamrzavanja ne zaustavljaju
se u potpunosti, jer enzimi mesa ribe, koncentrisani
u nezamrznutoj vodi i pri niskim temperaturama,
zadrzavaju izvesnu aktivnost. Oksidativnim prome-
nama podlezu, prvenstveno, polinezasi¢ene masne
kiseline, kojih u mastima riba ima u velikim ko-
li¢inama. Karakteristican oksidativni produkt raz-
gradivanja polinezasi¢enih masnih kiselina, malo-
naldehid, koristi se za pracenje stepena uZzeglosti
masti. Kiseonik iz vazduha, ako povrSina ribe nije
zaSticena glaziranjem ili nac¢inom pakovanja, dolazi
u neposredan dodir sa masnim tkivom, koje odmah
oksidise. Ovo je naroCito izrazeno u povrsSinskim
delovima mesa ribe, koji dehidriSu. Kao posledica
nastalih promena na mastima, pre svega, oksidacije,
javljaju se uzZegao miris, uzegao ukus i Zuta boja
masnogtkiva. Uzeglariba, ponekad, ima miris osoben
za uljanu boju (Balti¢ i Teodorovi¢, 1997). Kod
zamrznute ribe koja nije zaSticena na odgovarajuci
nacin (glazirana, pogodno upakovana), u toku
skladiStenja nastaje dehidratacija (sublimacija leda)
njenih povrsinskih delova. Stepen nastalih promena
zavisi od duzine (trajanja) skladiStenja, brzine
cirkulacije vazduha, vlaznosti vazduha, fluktuacije
temperature, zamrzavanja, itd. Promenjeni delovi
mesa su sunderaste strukture, a nastale promene
se opisuju terminima ,,opekotine od zamrzavanja“
(,,freezeburn®) ili ,,susenje zamrzavanjem*. Narocito
su ove promene izrazene na uglovima i rubovima
blokova zamrznute ribe. Dehidratacija povrSinskih
delova moze da bude izrazena u tolikoj meri da u
mesu ribe nastaju rupice koje podsecaju na ,,crvotoCi-
nu“ drveta (,,Hones combin®). Posle odmrzavanja
ovi delovi mesa su drvenasti i Zilavi, ¢esto su uzegli,
pa meso riba ne moze da se preradi. Usled dehidra-
tacije gubitak vode u mesu moze biti i do 5 posto
(Balti¢ i Teodorovié¢, 1997, Sosa, 1989).
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Nacdin zamrzavanja mesa ribe

Riba mozZe da se zamrzne u ,,struji“ hladnog
vazduha, uslanomrastvoruiliu,,blok* zamrziva¢ima
(horizontalni ili vertikalni). Bez obzira koji se od ovih
postupaka koristi, osnovno je da on obezbeduje brzo
snizavanje temperature, narocito u zoni kristalizacije
i da je ,,spusti® na temperaturu od —18°C, ili nizu.
U zavisnosti od tehnicko-tehnoloskog reSenja, po-
stupci zamrzavanja ribe mogu da budu kontinualni
i diskontinualni. Zamrzavanje mesa ribe u ,,struji*
hladnog vazduha primenjuje se kod celih (velikih)
riba i riba koje su upakovane u sanduke (blokove).
Pri zamrzavanju temperatura vazduha je od —38°C
do —42°C, cirkulacija vazduha 300—1000 m/min.
Za pravilno hladenje mesa ribe mora da se obezbedi
da vazduh kruZi oko svih delova ribe (bloka) (Sosa,
1989). Zamrzavanje mesa ribe u ,,blok* zamrzivaci-
ma (kontaktne ploce) je takav nacin zamrzavanja
pri kome se ribe u bloku (fileti, sitna riba, i drugo)
zamrzavaju izmedu dve pomicne ploce koje se hlade
stalnim protokom rashladnog sredstva. Temperatura
kontaktnih ploc¢a je —42°C. Ove ploc¢e mogu da budu
u horizontalnom ili vertikalnom polozaju. Postoji
moguénost zamrzavanja ribe potapanjem u slani
rastvor, glicerol, glikol i1 propilenglikol koji nisu
toksicni (Balti¢ i Teodorovié, 1997, Sosa, 1989).

Glaziranje i pakovanje mesa ribe

Kvalitet zamrznute ribe i proizvoda od mesa
zamrznute ribe brzo se menja u toku skladistenja i
distribuiranja ukoliko se riba na odgovarajuc¢i nacin
ne zaStiti od efekata dehidratacije, oksidacije, od
fizickih ostecenja i kontaminacije stranim materija-
ma. Povr§ina zamrznute ribe moze da se zastiti
glaziranjem (oblaganjem slojem leda), glaziranjem
i pakovanjem, ili pakovanjem zamrznute ribe u ma-
terijal koji ima svojstva da potpuno prione uz ribu,
bez obzira na oblik (pravilnost) bloka ili ribe. Posto-
je materijali koji imaju ova svojstva (retraktivna),
kao i dobra protektivna svojstva (nepropustljivost
za gasove 1 teCnost). Glaziranje se primjenjuje.
prvenstveno, na ribu koja je namenjena za preradu,
ili ribu koja je namenjena velikim potroSac¢ima
(restorani, vojska, itd), a rede se primenjuje za ribu
namenjenu potro$nji u domacinstvu. Voda koja
se stvara posle otapanja povrSinskog sloja leda ne-
gativno utice na potroSaca, kada je u pitanju pri-
hvatljivost proizvoda. Glaziranje mesa ribe se
primenjuje kod blokova ribe i velikih pakovanja,
a pakovanje mesa ribe bez glaziranja se koristi za
manja pakovanja koja su namenjena domacinstvima
(Balti¢ i Teodorovié, 1997; Sosa, 1989). Kod gla-

zirane ribe difuzija kiseonika iz vazduha je veoma
usporena, Sto znatno usporava oksidaciju masti. Ovo
je narocito znacajno kada su u pitanju ,,masne‘ ribe
(haringa, sardina, skusa, losos, tuna i drugo) koje
su podlozne oksidaciji. Glaziranje ribe treba da se
obavi §to je pre moguce, posle zamrzavanja ribe.
Ono moze da se izvede potapanjem ribe u vodu, ili
zalivanjem ribe vodom (sprej). Voda za glaziranje
mora da bude higijenski ispravna. Temperatura
vode za glaziranje ne sme da bude visa od +5°C.
Da bi sloj leda bio otporniji na mehanicke udare,
ponekad, ako je to dozvoljeno propisom, u vodu za
glaziranje mogu da se dodaju aditivi koji nisu Stetni
po zdravlje ljudi (Secer, skrob, natrijum-aktinat i kar-
boksimetilceluloza). Sloj leda na povrSini ,,bloka“
ribe, ili velikih riba, treba da bude podjednake
debljine. Ukoliko se zeli da sloj leda bude deblji,
riba se u vodu potapa vise puta uzastopno, ili se riba
zaliva viSe puta. Glaziranje ribe se kontrolise da bi
se utvrdila debljina leda. Led na svim povrSinama
treba da bude ujednacene debljine, a koli€ina leda
(izrazena procentualno) na svim blokovima treba
da bude priblizno ista (Balti¢ i Teodorovié, 1997,
Sosa, 1989). Odmah posle zavrSenog glaziranja
riba se prenosi u komore (prethodno moze da se
upakuje u plasticnu i kartonsku ambalazu), koje
su namenjene za skladiStenje. Prenosenje ribe u ko-
more za skladiStenje treba da se obavi brzo. Ne sme
da se dozvoli da se temperatura ,,podigne*, niti da
se oSteti glazura ribe. OSteCenje glazure umanjuje
njeno zastitno delovanje. Ako se riba duze Cuva,
stanje glazure treba povremeno proveravati zato §to
se usled isparavanja (sublimacije), ili kondenzacije
vodene pare, oSte¢uje glazura. Ukoliko je glazura
ostecena riba ponovo moze da se glazira (Balti¢ i
Teodorovié, 1997; Sosa, 1989).

SkladiStenje zamrznute ribe

Zamrznuta riba se ne stavlja u komore za
skladiStenje pre nego $to se temperatura ribe ne
spusti na zeljeni nivo. Prostor za skladiStenje se
ne koristi za sam proces zamrzavanja, niti za dalje
snizavanje temperature. Ako se pri pretovaru, ili
iz nekih drugih razloga riba delimi¢éno odmrzne,
ona se zamrzava predvidenim postupkom, a zatim
se skladisti. Odmrznuta riba ponovo moze da se
zamrzne samo u slucaju da je namenjena za doradu
ili preradu. Na tuni se Cesto, posle pretovara sa
broda, pojavljuju znaci povrSinskog odmrzavanja
i njeno ponovno zamrzavanje ne dovodi u pitanje
preradu ove ribe u konzerve. Temperatura pri ko-
joj se riba skladisti, prema nasim propisima, ne
sme da bude visa od —18°C. U nekim zemljama
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se preporucuje temperatura skladistenja od —23°C,
—26°C, odnosno —29°C. Temperatura skladiStenja
je jedan od osnovnih ¢inilaca koji utie na kvalitet
zamrznute ribe. Pri nizim temperaturama usporena
je promena parametara kvaliteta ribe. Sa temperatu-
rom zamrzavanja ribe povezana je i vlaznost vazdu-
ha. Vazduh, na viSim temperaturama moze da primi
viSe vlage i da se ne zasiti, tako da je veca i dehidra-
tacija ribe na vi§im temperaturama zamrzavanja. Ri-
be se skladiste tako da se Zeljena temperatura odrza-
va stalno. Treba izbegavati fluktuacije temperature,
odnosno treba izbegavati promene temperature
skladistenja ve¢e od +2°C. Fluktuacije temperature
negativno uticu na kvalitet ribe (teksturu, pre svega),
a i dehidratacija mesa pri fluktuaciji temperature
je izrazitija. Cirkulacija vazduha pri skladistenju
mora da bude umerena i ne veéa nego $to je po-
trebno da bi se odrzala stalna temperatura. Da bi
se obezbedilo §to ravnomernije kruzenje vazduha
u svim delovima skladi$tnog prostora, neophodno
je da izmedu zamrznute ribe i zidova, odnosno po-
da, odnosno tavanice bude 5 do 10 centimetara slo-
bodnog prostora. Ovo je, takode, neophodno da
bi spolja prenetu toplotu apsorbovao vazduh, a ne
uskladistena riba. Odrzivost zamrznute ribe zavisi
od velikog broja Cinilaca (vrsta ribe, nacin obrade,
stanje ribe pre zamrzavanja, nafin zamrzavanja,
,»Vvisina“ temperature zamrzavanja, i drugo), (Baltic i
Teodorovié, 1997; Sosa, 1989; Einen i sar., 2002).

Dimljena riba

Ukupna prosecna proizvodnja dimljene ribe
u svetu, za period od 2003. do 2005. godine, bila
je 810 798 hiljada tona. U ukupnoj proizvodnji di-
mljene ribe ucesS¢e salmonidnih vrsta bilo je 10,82
posto (8749 hiljada tona), haringe 4,64 posto
(37.606 hiljada tona) i ostalih vrsta dimljene ribe
84,54 posto (685.443 hiljada tona). Najveci proiz-
voda¢ dimljenih salmonidnih vrsta je Francuska
sa 23.845 hiljada tona (27,14 posto od ukupne
proizvodnje), a zatim slede Nemacka, Danska i
Velika Britanija. Kanada je najveci svetski pro-
izvoda¢ dimljene haringe, sa 10 460 tona (27,82
posto od ukupne svetske proizvodnje). Od ostalih
vrsta dimljenih riba najveéu proizvodnju ima
Kina, 268.333 hiljada tona (39,15 posto od svetske
proizvodnje). Daleko manju proizvodnju, iza Kine,
imaju Tajland, Poljska, Filipini i Indonezija (od
23.000 do 55.000 hiljada tona). Dimljena riba nije
tako Cest predmet medunarodne trgovine, buduci
da je najve¢i proizvoda¢ dimljene ribe, odnosno
Kina, prakticno ne izvozi. Francuska izvozi oko
10 posto svoje proizvodnje salmonidne ribe; Nema-
¢ka, oko jedne tre¢ine; Danska preko 90 posto, a

Velika Britanija 45 posto proizvodnje salmonide di-
mljene ribe. Kanada izvozi vise od 90 posto svoje
proizvodnje dimljene haringe. Od ostalih zemalja
Indonezija izvozi 5 do 10 posto svoje proizvodnje
dimljene ribe, Filipini 3 posto, Tajland 50 posto,
a Poljska 10 posto (Popovi¢ Ljuba i sar. 2008). U
Srbiji, obim proizvodnje dimljene ribe je vrlo mali
obzirom na broj objekata koji se bave preradom ribe
(oko 10 objekata) i njihove preradne kapacitete, tako
da je proizvedena dimljena riba u Srbiji (najcesce
hladno dimljena pastrmka) namenjena, uglavnom,
specijalizovanim ribljim restoranima (Kilibarda,
2006).

Hladno i toplo dimljena riba sigurno se ubraja
medu najatraktivnije proizvode od ribe. O tome
govori Cinjenica da od ukupne ponude ribe na
francuskom trzistu blizu 20 posto ¢ini dimljena riba.
Narocito je zanimljiva hladno dimljena riba, koja, u
zavisnosti od vrste, koli¢ine soli i visine temperature
obrade, moze da se koristi bez i sa naknadnom
toplotnom obradom. Dimljenje ribe je za nase
prerade ribe, jer ne zahteva skupu opremu, pro-
izvodnja je kratka, a prihvatljivost ovog proizvoda
na naSem trzistu je, s obzirom na navike (dimljeno
svinjsko meso) vrlo dobra. Hladno dimljena riba
zahteva zaStitu pakovanjem, bilo vakuumiranjem
(danas mnogo cesce), bilo pakovanjem u MAP
(rede se primenjuje). Toplo dimljena riba je znatno
odrzivija, ali i ona moze da se pakuje i to, uglavnom,
vakuumiranjem (Kilibarda, 2006; Espe i sar., 2004).
Hladno dimljena pastrmka najcesce se proizvodi
od konzumne pastrmke (masa 280- 300 grama), ali
1 od takozvane lososove pastrmke mase oko jedan
kilogram. Prva je uglavnom namenjena dodatnoj
toplotnoj obradi na rostilju i Cesto je u ponudi u
restoranima, naroCito onim specijalizovanim, rib-
ljim. Hladno dimljena lososova pastrmka ne zahteva
dodatnu toplotnu obradu, ve¢ se jede najcesce, kao
predjelo (na primer sa maslacem). S obzirom na na-
¢in toplotne obrade (hladno dimljenje, temperatura
20-30° C) za odrzivost ovih proizvoda neophod-
no je da su upakovani (vakuum ili MAP) i ¢uvani
pri temperaturama hladenja (najvise do +4°C). U
literaturi (Huss i sar,1995), najcesSée, su opisani
rezultati ispitivanja odrzivosti hladno dimljenog lo-
sosa kao proizvoda koji je vrlo cenjen i, od dimljene
ribe, ima najduzu tradiciju. Ispitivanja odrzivosti
hladno dimljene ribe zasnivaju se na senzornoj
oceni (za konzumnu pastrmku toplotnom obradom),
hemijskim analizama (ukupni isparljivi azot, tri-
metilamin, biogeni amini, i etanol) i bakterioloskim
analizama (laktobacili, psihrofilne i mezofilne bak-
terije, enterobakterije, L. monocytogenes, E. coli,
Salmonella spp., 1 sulfitoredukujuce klostridije).
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Dobijeni rezultati se medusobno porede i koreliraju
(Joffraud i sar., 2006; Leroi i sar., 2001; Dojcinovié¢
i sar, 2008; Kilibarda, 2006; Dimitrijevi¢, 2007).
Toplo dimljena riba je, sa stanoviSta mogucénosti
kvara, manje rizi¢na. Kvar bi se ovde mogao vezati,
uglavnom, za promene na mastima (uzeglost). U
toku skladiStenja prate se promene senzornih 0so-
bina, hemijske osobine (ukupni isparljivi azot, tri-
metilamin, biogeni amini, malondialdehid, etanol,
benzo-a-piren) i bakterioloski status (laktobacili,
mezofilne bakterije i sulfitoredukujucée klostridije),
(Goulas i Kontominas, 2004).

Zakljucéak

Sa porastom broja stanovnika u svetu i po-
rastom Zzivotnog standarda, naroCito u zemljama
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INSTITUT ZA HIGIJENU I TEHNOLOGIJU MESA
INSTITUTE OF MEAT HYGIENE AND TECHNOLOGY

Delatnost Instituta za higijenu i tehnologiju mesa

\

Nauéna i strucna saradnja: }

e Struc¢no-tehnicka saradnja u pogonima proiz Vo dnje i prerade mesa; *‘

e Izdavanje sertifikata o autenti¢nosti za izvoz juneeg nesa na trziste EU;

e Uvodenje HACCP sistema u objekte za klanje, preradu mesa i proizvodnju ‘

e Uvodenje standarda ISO 22 000, 9001, 14 001 u industriju mesa, prehrambenu industriju,
ugostiteljske objekte i supermarkete; -'

e Konsalting u vezi sa propisima zemalja EUJ SAD i treé¢ih zemalja koji reguliSu klanje stoke 1
preradu mesa i proizvodnju namirnica Zivotinjskog porekla;

e Tehnicko-tehnolosko projektovanje i uredemje objekata za klanje stoke i preradu mesa i
proizvodnju namirnica Zivotinjskog porekla;}

e Odredivanje veterinarsko-sanitarnih uslova wobjektima za proizvodnju namirnica Zivotinjskog
porekla.

, 3
U laboratoriji Instituta vre se ispitiyanjg»namirﬁai aditivai ambalaZe,hrane za Zivotinje i "
fa opSte upotrebe. theispiﬁvaninm -

Senzorno ocenjivanje;

Fiziko-hemijska ispitivanja;

Mikrobioloska ispitivanja;

Determinacija mikotoksina, rezidua i vetefinarskih lekova, toksi¢nih elemenata, specifi¢nih
proteina i melamina.

Edukacija struénjaka iz industrije mesa i prehrambene industrije u oblasti bezbednosti hrane.

Institut za higijenu i tehnologiju mesa ima uspostav dokumentovan i sertfikovan sistem rada prema

zahtevima SRPS ISO 9001:2001. [ | ||
\ . ) I

Laboratorija Instituta je akreditovana prema zahtevima SRPS ISO/IEC 17 025:2006. =

Laboratorija Instituta je Nacionalna referenmjlaboratorija za monitoring program rezidua
veterinarskih lekova, koji se prenose iz Zivotne sredine, u organima i tkivima domacih Zivotinja koje
se gaje za ishranu ljudi, primarnim animalnim proizvodima (mleko, jaja i med), farmskoj divljaci 1
ribama —prema programu i uslovima EU. ‘
n
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