


Fig. 7. Example of spectral images of the C-H region obtained at different z-positions for a single
capsule (scale bar 6 μm)

Fig. 8. Examples of images of internal structure of a microcapsule created base on the k-means cluster
analysis: B) scan 25 and C) scan 30 (scale bar 6 μm)

Three colour clusters were used to visualize the internal structure of the
microcapsule based on the selected Raman spectrums. The red cluster corre-
sponds to the substrate, whereas green and blue clusters are assigned to the
capsule. The green cluster corresponds to the oil (see Figure 2) and blue cluster
(see Figure 3) corresponds to the capsule materials.
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In this case the green areas correspond to a high concentration of oil, i. e.,
two capsules contain oil, whereas a third one is empty. In the cluster analysis,
the cluster spectra oil and the matrix/protein are not as clearly demixed as in
the base analysis of the results presented in Figure 6, but nevertheless the two
results are compatible with each other and point towards the same conclusion
that the oil inside the capsule can be also visualized.

Conclusions

Detailed analysis of the microstructure of the powder particles, based on
confocal Raman microscopy imaging supported by computer image analysis,
shows that their internal structure can be visualized. Moreover it was revealed
that the confocal Raman imaging technique enables identification of particular
ingredients and their distribution within the capsules, thus the presence of the
surface oil could be detected. The measurements and the analysis are time
consuming for routinely microcapsules analysis in the laboratory.
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A b s t r a c t

The research had been conducted in some polish production companies that are using Lean Six
Sigma tools on daily basis. The aim was to evaluate the impact of Lean Six Sigma tools on the certain
management process to eliminate or reduce wastage. According to the results it can be stated that Lean
Six Sigma tools have positive impact on the management process by controlling internal costs. Cost
reduction influences the increase in profit margin what can result in achieving the competitive edge.
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A b s t r a k t

Badanie zostało przeprowadzone w przedsiębiorstwach produkcyjnych usytuowanych na terenie
Polski, które w codziennej praktyce stosują narzędzia Lean Six Sigma. Celem była ocena wpływu
narzędzi na doskonalenie procesu zarządzania. Wyniki badań potwierdzają, że narzędzia Lean Six
Sigma pomagają świadomie kontrolować koszty wewnętrzne w firmie, co pozwala na ciągłe ulepszanie
procesu zarządzania. Ponadto, zmniejszenie kosztów własnych jest jednym z czynników
wpływających na zwiększenie marży, która może zapewnić przewagę konkurencyjną przedsiębi-
orstwu na dzisiejszym, bardzo turbulentnym rynku.
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Introduction

A constant price increase of raw materials and decrease of profit margin led
production companies in food industry into crisis (FORKUN and KINAST and
ORZEŁ 2011). Profit margin is directly influenced by price as well as direct and
indirect costs of a company. A company has no influence on the price of raw
materials needed for production which form an indirect cost. Therefore, if
a company wants to stay on the market it needs to control its own costs, which
were defined by Ohno as „7 Muda” (LISIŃSKI and OSTROWSKI 2006). Wastage is
defined as all activities which generate costs and do not add value: overproduc-
tion, inventory, waiting, motion, transportation, defects and over processing.
The antidote for muda is to implement Lean Six Sigma tools, which aim to
identify, reduce and eliminate all wastage.

Aim of the study was to verify and evaluate Lean Six Sigma tools and their
influence on improvement of management in chosen production companies in
food industry. Leading and operating an organization successfully requires
managing it in systematic and visible manner using „a tool to allow an
institution, regardless if it is a company, church, university or hospital, achieve
their goals in an outside area in which it operates” (DRUCKER 2000)

The essence of Lean Six Sigma

Japanese Lean Management philosophy and American Six Sigma concept
were evolving separately until it has been decided that Lean Management on
its own is not able to provide stable processes and sole Six Sigma will not
eliminate all waste. Only then was a new integrated approach developed called
Lean Six Sigma (GEORGE 2002). The Lean Management tools focus on speed
and efficiency of a process, while those of Six Sigma on its precision and
accuracy (LAUREANI and ANTONY 2009). It can be stated, therefore, that Lean
Six Sigma is focused to increase quality, reduce variability and eliminate any
wastage from company (FURTERER and ELSHENNAWY 2005).

The main aim of the philosophy is to please a customer, i.e. to provide
reasonably priced, high quality product/service at short notice (GOERGE 2004).
To do that, process needs to be enhanced. All defects i.e. everything which does
not satisfy a customer must be removed from the process.

Moreover, material and information flow must also be leaned which will
eliminate buffers/lines. Employees who cooperate on every stage of the process
are an important aspect of Lean Six Sigma. Group work is about mutual
assistance, sharing ideas, collective problem solving and making thoughtful
decisions. According to Lean Six Sigma every decision is made on the basis of
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real data and facts. Data is being gathered, measured and analyzed. In
agreement with Lean Six Sigma companies should gather and analyze data on
customer’s satisfaction, company’s financial status, speed of the process and
defects.

Chosen Lean Six Sigma tools

Lean Six Sigma uses a set of tools of Lean Management philosophy and Six
Sigma concept. In every stage of a process based on DMAIC model (Define,
Measure, Analyze, Improve, Control) companies use various tools. The choice
of tools is not forced by the concept, therefore, companies depending on their
character (structure, size, branch) choose their own set. Because of the fact
that Lean Six Sigma tools are numerous, the article will describe only the most
popular ones in the authors’ opinion. Methodical approach to Lean Six Sigma
implementation, however, allows the use of an ordered chart from ISO

Table 1
Typical Six Sigma tools according to ISO 13053-1: 2012 Quantitative methods in process improve-

ment – Six Sigma – Part 1: DMAIC methodology

Tool Define Measure Analyse Improve Control

CTQ (Critical to Quality) O O O O

Financial justafication O

Project review O O O O O

Chat review O

Six Sigma indicators O O

Data colection plan O

MSA (Measurement System Analysis) O O O

Probability distribution O O

Defining sample size O O O

FMEA (Failure Mode and Effects Analysis) O

Control plan O

5S S S

Poka-Yoke R R

SIPOC (Supplier, Input, Process, Output, Control) R S

Pareto chart S S S S

Value stream mapping R

Regression and correlation R R

Hypothesis test R R

TPM (Total Productive Maintenance) S S

O – Obligatory, R – Recommended, S – Suggested
Source: ISO 13053-1: 2012 Quantitative methods in process improvement – Six Sigma – Part 1:
DMAIC methodology
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standard document 13053-1: 2012 Quantitative methods in process improve-
ment – Six Sigma – Part 1: DMAIC methodology, where a set of tools have been
aligned with 5 stages of DMAIC concept (Table 1). The table contains only
those tools from the Standard, which should obligatorily be used in DMAIC
implementation and tools which according to the authors are most commonly
used in enterprises, and are recommended or suggested to use by the Standard.

DMAIC model (Define, Measure, Analyze, Improve, Control)

DMAIC concept is a methodical approach to Six Sigma implementation, yet
in a survey poll made in enterprises it has been treated by the questioned
personnel as one of the tools. The aim was to determine if the concept is used in
practice in connection with the set of 31 recommended tools regarded as
indispensable, recommended or suggested in the ISO Standard 13053-1: 2012.

DMAIC model is used to improve organizational processes and remove
problems. DMAIC model helps to identify a problem, determine key measure-
ments, implement solutions, set procedures and finally control implementation
process and allow continuous improvement. DMAIC cycle is focused on
continuous improvement of the process to meet the needs of a customer. The
model consists of 5 stages: Define, Measure, Analyze, Improve, Control. Define
stage determines key characteristics of a product from a customer’s point of
view by the use of e.g.: „voice of the customer”. On the basis of results project
team decides which process shall be improved, what the problem and the target
are. A visual effect of the define stage is a map of temporary process which can
be created with the use of e.g. SIPOC tool (Supplier, Input, Process, Output,
Customer). The second stage – measure – aims to determine key measures of
the process and gather necessary data. Next stage – analyze – aims to
determine a source of variability basing on data gathered in the previous stage.
All the bottlenecks and limitations in the process are identified. During the
fourth stage – improve – all possible solutions are determined and the best
option is chosen. The solution is being implemented as a pilot project.
Moreover, a map of a future, improved process is prepared. The last fifth stage
– control – aims to determine if the assumed target has been achieved. If the
implemented changes are efficient, standards and procedures must be deter-
mined. During control stage control charts are often used.

Value Stream Mapping

Value stream mapping is a method of presentation material and informa-
tion flow. It allows identification of all activities from the moment an order had
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been made by a customer until it is delivered. It also presents both activities
which add value and those which don’t. Activities which do not add any value
and are not indispensable for company to operate on the market must be
eliminated.

Value stream mapping can be divided into two key stages (SOBCZYK and
OLEKSY 2011):

– creation of a map of current processes for a chosen group of products,
which will be amended to include all necessary information on the current
condition,

– creation of a map of a future condition, which is a vision of desirable
condition.

Visualizations

Application of visual control allows employees to act immediately to any
problems, distractions, production delays and any deficiencies that occur. The
condition of a production system must be clear and simple and understandable
for every employee, therefore, all necessary tools and parts should be stored in
a visible place. Visual control requires also a simple work manual to be present
at every work station. 5S is the most important method of visual control. 5S is
a tool used to build and maintain a well-organized, clean, efficient and high
quality work station. The use of 5S is not limited to production, but works just
as well in other departments e.g. administration. 5S method is often accom-
panied with other Lean Management tools such as: TPM, SMED, Heijunka,
Kanban, standard working conditions or Jidoka.

The name 5S comes from five Japanese words:
1S Seiri – Sort i.e. sorting out the required or not required items, removal of

non required items.
2S Seiton – Storage i.e. work station arrangement, assignment a proper

place and logical organization to every object in order to make their use easier.
3S Seiso – Shine i.e. maintaining a clean work station on daily basis to

improve work safety and detect process distractions.
4S Seketsu – Standardize i.e. creation of work station standards to main-

tain the conditions created by the first three rules.
5S Shitsuke – Sustain i.e. to adhere to 5S principles by means of audits,

work inspections or visualizations of the results of 5S teams.
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Poka-yoke (Mistake Proofing)

Poka-yoke technique is used to avoid mistakes. It works in all processes
where human error may occur. It is assumed that every person makes errors,
therefore, attention must be drawn to minimize and eliminate them. An
efficient Poka-yoke mechanism should be simple (simple control and measur-
ing devices situated in the vicinity of an error) and cheap to install.

TPM (Total Productive Maintenance)

TPM is defined as „a method for improved machine maintenance per-
formed throughout whole company by operators and employees responsible for
traffic control” (CZERSKA 2006). The major target of the method is „zero
breakdowns and zero defects” caused by machines. An efficient TPM will
improve equipment efficiency, prolong machine life expectancy and increase
employees’ involvement.

TPM has nine stages of activity (CZERSKA 2006):
1. Evaluation of the current condition using OEE (Overall Equipment

Effectiveness). Machine efficiency is measured basing on its performance in:
availability (active work of a machine), use (planned percentage usage) and
quality (of produced goods).

2. Determination of initial problems.
3. Analysis of physical conditions of actions, based on observation of work

station in the aspect of identified problem.
4. Identify variable conditions which influence the work of a machine.
5. Possibility to regulate and deregulate machine basing on conclusions

gathered through earlier stages.
6. To determine vital elements in a machine, their control and means of

repair.
7. Results control.
8. To determine rules of control and machine repair, as well as the range of

machine operator responsibilities.
9. Improvement.

SMED (Single Minute Exchange of Dies)

SMED is a method for reducing tool changeover time to a single-digit
minute. A key factor in this method is to separate operations into (CZERSKA

2006);
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internal – not possible to perform when a machine is running
external – possible to perform when a machine is running.
SMED main stages (MARTYNIAK 1996):
1. Preliminary stadium, a very detailed analysis of changeover process and

developing ideas how to improve them.
2. Separate external from internal changeover is made in order to reduce

time of internal changeover.
3. Convert internal changeover into external one by additional analysis of

activities and their belonging to a particular type, and also search for new
means of conversion internal changeover into external one.

4. Streamline all aspects of changeover operations. Another attempt to find
additional ways to reduce changeover time after analysis of implemented
changes, separation and conversion internal changeover into external one.

Methods

Research has been conducted with use of a poll questionnaire sent by
electronic mail to Lean Six Sigma specialists. Specialists are representatives of
food industry production companies, who were found on Goldenline portal.
The respondents had been grouped as follows: Lean Management, Six Sigma,
Lean Six Sigma. 30 questionnaires were sent to 30 representatives of different
food industry production companies.18 out of 30 were replied. 100% replies
came from large food industry production companies (over 250 employees).
Additionally, individual face to face interviews were run with 4 Lean Six Sigma
specialists and trainers who deal with implementation, maintenance and
improvement of the philosophy in 4 different production companies on daily
basis.

Results

The research indicates that the tools most often used by companies are: 5S,
Kaizen, Pareto Diagram and Ishikawa Diagram (Figure 1, 2). 5S and Kaizen
are the tools which companies use to start to implement the philosophy,
because they give visible results fast at relatively low implementation costs.
Moreover, they do not require specialist knowledge to implement, as oppose to
e.g. implementation tools for statistical adjustment of data, such as: hypothesis
test ANOVA analysis or DOE (design of experiments). Three quarters of the
respondents uses TPM, SMED, VSM and DMAIC, more than half uses
standardized work, voice of customer and process mapping. Half of the
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questioned companies uses control charts, FMEA, histogram and control
charts on daily basis. A surprising fact is that few companies use JIT and
Jidoka), which are a basis of Toyota production system. JIT aims to eliminate
stock, while Jidoka aims to eliminate production flaws. Experts say JIT and
Kanban should be supported by Heijunke, and Kaizen shall go together with
standards. Typical Six Sigma tools (SIPOC analysis, FMEA, DMAIC, VOC) are
less popular in companies, therefore, it may be concluded that companies’ first
priority is to increase speed and efficiency of a process, while elimination of
process variability is of secondary importance. This may be a result of the
specific character of production processes in food industry, where products’
best before date is very short, therefore speed and throughput are vital and
both are guaranteed by Lean Management tools.

Fig. 1 The most commonly used Lean Management tools by production companies in food industry
Source: Own source

Most companies, (Figure 3) seem to follow the words of dr Mikel J. Harry:
”If we do not measure, we do not know anything. If we don’t know, we cannot
act. If we do not act, we are prone to lose” and Lean Six Sigma methodology,
and measure efficiency and productivity of their activities. Financial factor is
the most frequently measured factor which seems to confirm that profit is
what companies’ owners care for the most. Less than half of the questioned
companies do measure customer’s satisfaction, which is not only a reason to
worry but also against Lean Six Sigma assumption that a customer is most
important. Only less than half focus their actions on customers’ needs analysis
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Fig. 2 The most commonly used Six Sigma tools by chosen production companies in food industry
Source: Own source

Fig. 3 Efficiency and effectiveness indicators of Lean Sic Sigma tools

Source: Own source

(Figure 3). More than half respondents do measure defects, 50% the speed of
a process i.e. factors such as Lead Time or Takt Time. Only 7% of companies do
not use any indicators).

The benefits from Lean Six Sigma implementation have also been ana-
lyzed. Every interviewed company has noticed positive effects of Lean Manage-
ment and Six Sigma tools implementation. None of the companies denied
positive effects, which confirms usefulness of Lean Six Sigma tools implemen-
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tation, despite the fact that not every company fully adheres to Six Sigma rules
– only three quarters respondents confirmed their actions are based on
DMAIC. Companies which use chosen tools identify a great improvement in
group work activities which is one of Lean Six Sigma philosophy pillars. Most
of the companies claim their employees cooperate better in a team and see
benefit as an improvement in problem solving process and decision making
process. 5S has been implemented by all of the companies, as a result most of
them noticed improvement in working conditions; increased efficiency and
improved safety. Yet other benefits are strictly connected with control and
reduction of personal costs. Three quarter respondents claim that their costs
decreased, reduced process wastage and eliminated stock which generates
additional costs. Half of the companies shortened process realization time, and
only less than one quarter cut down time of delivery. For companies from food
market, where speed is significant, shortening time of vital processes may
result in achieving competitive edge. A surprising fact is that only 37%
companies noticed an increase in customers’ satisfaction as benefit, while it is
a major purpose to implement Lean Six Sigma. It may be attributed to the fact
that companies are more focused on processes than on customers directly. In
their opinion customers will be satisfied with the quality and speed of delivery,
therefore are unwilling to spend additional resource for expanded study on the
increase of consumer’s satisfaction.

Conclusions

The above mentioned analyses suggest that food producers search for
solutions to achieve competitive edge. They take actions on various levels such
as: to optimize chain of delivery, eliminate errors caused by processes and
machines, eliminate any wastage and increase employees’ involvement. For
this purpose they most frequently use Lean Management tools: 5S, Kazein,
SMED, VSM, standardized work, TPM and Six Sigma tools: process mapping,
control charts, histogram, Ishikawa and Pareto diagrams. Lean Management
tools are chosen more frequently which may be attributed to a specific
character of the business where speed is vital. Companies declare that the use
of tools brings positive results such as: cost reduction, stock reduction, wastage
elimination, processes time reduction, team work improvement and improve-
ment of problem solving and decision taking processes. The above mentioned
benefits confirm usefulness of Lean Six Sigma tools implementation in food
industry companies as a tool to improve management.

By the analysis of Lean Six Sigma tools implementation, maintenance and
development it may be concluded that the biggest problem is to treat Lean Six
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Sigma as a „toolbox” to reduce costs in a company. Companies implement tools
without considering the most important factor – change the way of thinking.
Companies still first look for the guilty party and only then will they think on
how to solve the problem. According to Lean Six Sigma philosophy first
priority is to visit the place where a problem occurred (Gemba), then gather
employees and think together on a solution. 96% of problems lie inside
a process and only 4% are caused by human error (Deming). Employees; fear of
changes (POTWORA 2012), based on intellectual, socio-cultural and emotional
backgrounds, is an enormous barrier. Employees, on one hand, fear to lose
their job, on the other hand, fear additional responsibilities, schemes and
structures. The reason why Lean Six Sigma tools are less efficient than they
might have been may be caused by: leader’s lack of leadership abilities and/or
competence, lack of funds for necessary trainings for employees when it comes
to competence and qualification increase, not outsourcing a Sensei.

Despite many barriers and difficulties hampering Lean Management and
Six Sigma rules from full implementation, it may be stated that particular tools
may indeed influence growth of competitive edge in food industry improving
the management process. Growth is achieved by elimination of activities which
add no value, 7 Muda reduction i.e. conscious cost management. The division
of costs into indirect, the costs a company has no influence on, and direct,
which are costs that company manages itself by using set of Lean Six Sigma
tools, is an obvious sign that a company is improving their management.
Moreover, a proper use of Lean Six Sigma tools may increase a profit margin
(cost reduction) and improve products’ quality which may help company stay
on the market during crisis period.
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A b s t r a c t

In order to ensure microbiological safety of foodstuffs a comprehensive and integrated approach
needs to be applied to production process, comply with all obligatory quality standards at each step.
In present work a microbiological quality of selected ripened cheeses (5) and liquid dairy products (5)
was analyzed using following tests available in TEMPO system: YM – yeasts and molds, STA – the
number of Staphylococcus, LAB – lactic acid bacteria, EC – Escherichia coli, CC – the number of
coliforms, TC – total number of coliforms, EB – the number of bacteria belonging to Enterobac-
teriaceaefamily, TVC – total number of mesophilic microorganisms. Performed analysis using
TEMPO system indicated that microbiological quality of selected ripened cheeses and liquid dairy
products is satisfactory. TEMPO system turned out to be an useful tool in establishing parameters
that define microbiological purity of analyzed food products.
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A b s t r a k t

W celu zapewnienia bezpieczeństwa zdrowotnego produktów spożywczych należy zastosować
wszechstronne i zintegrowane podejście do procesu produkcji, spełniając wymagane normy jakości na
każdym jego etapie. W ramach pracy przeanalizowano jakość mikrobiologiczną wybranych serów
dojrzewających (5) oraz płynnych produktów mleczarskich (5) z wykorzystaniem testów dostępnych
w systemie TEMPO: YM – drożdże i pleśnie, STA – liczba bakterii Staphylococcus, LAB – liczba
bakterii mlekowych, EC – liczba Escherichia coli, CC – liczba bakterii z grupy coli, TC – ogólna liczba
bakterii z grupy coli, EB – liczba bakterii z rodziny Enterobacteriaceae, TVC – ogólna liczba
drobnoustrojów mezofilnych. Analizy wykonane za pomocą urządzenia TEMPO wykazały, iż jakość
mikrobiologiczna wybranych serów dojrzewających oraz płynnych produktów mleczarskich jest
zadowalająca. System TEMPO okazał się przydatnym urządzeniem do określenia wskaźników
stanowiących o czystości mikrobiologicznej badanych produktów.

Introduction

Assurance of microbiological safety of food is one of the aim of the food policy
which has particular meaning in public health protection. According to Food
Hygiene Basic Texts food safety denotes that food will not cause harm to the
consumer when it is prepared and/or eaten according to its intended use (CODEX

ALIMENTARIUS 2009). In order to guarantee high microbiological quality of the
final product, one needs to comply with the safety standards at raw material
production step, assuring appropriate quality of fodder and conditions for
animal husbandry, through production process of foodstuffs control, as well as
their distribution and storage. Each step has significant meaning to obtain high
quality of food product, influencing also their commercial quality.

Requirements regarding microbiological quality of food products is defined
by Regulation EC 2073/2005, together with later modifications (1441/2007 and
365/2010). This Regulation introduces following definitions:

– microbiological criterion: means a criterion allowing the acceptabil-
ity of a product, a batch of foodstuffs or a process, based on the absence,
presence or number of microorganisms and/or their toxins or metabolites, per
unit of mass, volume, area or batch,

– food safety criterion: means a criterion defining the acceptability of
a product or a batch of foodstuffs applicable to products placed on the market,

– process hygiene criterion: a criterion indicating the acceptable fun-
ctioning of the production process; it sets an indicative contamination value
above which corrective actions are required in order to maintain the hygiene of
the process in compliance with food law (Regulation EC 2073/2005).

Above regulations sets microbiological criteria for dairy products present in
Tables 1 and 2. Regulation 2073/2005 additionally defines safety criteria for
ready-to-eat foods for infants and ready-to-eat foods for special medical
purposes.
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Table 1
Food safety criteria for dairy products

Sampling
plan Limits

n c m M

Micro-organisms/their
toxins, metabolites

Food category

1.2. Ready-to-eat foods able to support
the growth of L. monocytogenes, other Listeria
than those intended for infants and foe monocytogenes
special medical purposes

5 0 100 cfu/g

5 0 Absence in
25 g

1.3. Ready-to-eat foods unable to support
the growth of L. monocytogenes, other Listeria
than those intended for infants and foe monocytogenes
special medical purposes

5 0 100 cfu/g

1.11. Cheeses, butter and cream made
from raw milk or milk that has undergone
a lower heat treatment than
pasteurisation

Salmonella 5 0 Absence in
25 g

1.12. Milk powder and whey powder Salmonella 5 0 Absence in
25 g

1.13 Ice cream, excluding products where
the manufacturing process or the
composition of the product will eliminate
the salmonella risk

Salmonella 5 0 Absence in
25 g

1.21. Cheeses, milk powder and whey
powder, as referred to in the
coagulase-positive staphylococci criteria

Staphylococcal
enterotoxins 5 0 Not detected

in 25 g

Explanations to Table 1: n – number of units comprising the sample, c – number of sample units
giving values between m and M , m=M, cfu – colonies forming units. References: Regulations 2073
(2005), 1441 (2007), 365 (2010)

Evaluation of microbiological quality of food products based on traditional
plate counts method is time-consuming, labor- and material-intensive, and in
consequencemuch higher costs of analysis are generated. Another essential
issue is waiting time for the results of analysis, especially where one deals with
perishable foods. Food safety management systems demand fast evaluation of
microbiological quality in order to make a decision about actions which
eliminate hazard to the health of consumers. One of the methods which
significantly shortens the waiting time for the results of analysis, and uses
much less materials and work, is a method based on fluorescence phenomena
used in TEMPO device (Biomerieux). The mechanism of reading is based on
the measurements of fluorescence signal as a result of fluorescent compound
light induction which is obtained through reaction performed by microorgan-
isms present in analyzed product (NOWAK and CHARLIŃSKI 2012). TEMPO is
an automated system that enables the quantitative analysis of such microbi-
ological indicators as total number of microorganisms, Enterobacteriaceae, the
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Table 2
Process hygiene criteria for dairy products

Sampling Limits
plan (cfu/g or ml)

n c m M

Micro-organisms/their
toxins, metabolites

Food category

2.2.1. Pasteurised milk and other
pasteurized liquid dairy products Enterobacteriaceae 5 0 10 cfu/ml

2.2.2. Cheesed made from milk or whey
that has undergone heat treatment E. coli 5 2

100
cfu/g

1000
cfu/g

2.2.3. Cheeses made from raw milk Coagulase-positive
staphylococci

5 2 104

cfu/g
105

cfu/g

2.2.4. Cheeses made from milk that has
undergone a lower heat treatment than
pasteurisation and ripened cheeses Coagulase-positive
made from milk or whey that has staphylococci 5 2

100
cfu/g

1000
cfu/g

undergone pasteurisation or a stronger
heat treatment

2.2.5. Unripened soft cheeses made
from milk or whey that has undergone Coagulase-positive
pasteurization or a stronger heat staphylococci 5 2

10
cfu/g

100
cfu/g

treatment

2.2.6. Butter and cream made from raw
milk or milk that has undergone a lower
heat treatment than pasteurisation

E. coli 5 2 10
cfu/g

100
cfu/g

2.2.7. Milk powder and whey powder Enterobacteriaceae 5 0 10 cfu/g

Coagulase-positive
staphylococci

5 2 10
cfu/g

100
cfu/g

2.2.8. Ice cream and frozen dairy
desserts Enterobacteriaceae 5 2 10

cfu/g
100

cfu/g

Explanations to Table 2: n – number of units comprising the sample, c – number of sample units
giving values between m and M , m=M, cfu – colonies forming units. References: Regulations 2073
(2005), 1441 (2007), 365 (2010)

number of coliforms, E. coli, coagulase positive S. aureus, yeasts and molds,
lactic acid bacteria (CHARLIŃSKI 2012).

The aim of present work was to (i) evaluate the microbiological quality of
selected dairy products using TEMPO system, as well as (ii) to analyze the
possibilities of using TEMPO system to check the compliance with the hygienic
and safety criteria of tested food products according to Regulation EC
2073/2005 with further modifications.
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Materials and Method

Analyzed dairy products

Following dairy products were bought in a local supermarket and tested
microbiologically:

– ripened cheeses: Gouda, Ementaler, Edam, Brie, Camembert,
– liquid products: pasteurized milk, buttermilk, kefir, cranberry yoghurt,

plain yoghurt.
Microbiological experiment was performed in three replicates (three items

of the same product from different batches were purchased).
Determination of the safety and hygiene criteria for analyzed dairy prod-

ucts according to Regulation EC 2073/2005 with further modifications

Table 3
Food safety and process hygiene criteria for analyzed dairy products according to Regulation

2073/2005 with later modifications

Food safety criteria Process hygiene criteria

Staphylococcal Coagulase-
enterotoxins E. coli -positive
(St. aureus) staphylococci

Product Listeria
monocytogenes

Enterobac-
tericeae

Gouda – + + + +

Ementaler – + + + +

Edam – + + + +

Brie – + + + +

Camembert – + + + +

Pasteurised milk – + + + +

Buttermilk – + + + +

Kefir – + + + +

Cranberry yoghurt – + + + +

Plain yoghurt – + + + +

Explanations to Table 3: – no possibility to detect in Tempo system, + possibility to detect in Tempo
system

Tested dairy products can be qualified to following food categories by analyzing
the Regulation 2073/2005:
– ripened cheeses:

- food safety criteria: 1.2, 1.2.1
- process hygiene criteria: 2.2.2, 2.2.4

– pasteurised milk:
- food safety criteria: 1.2
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- process hygiene criteria: 2.2.1
– fermented dairy products:

- food safety criteria: 1.3
Above qualification enabled to define particular microorganisms for analyzed
dairy products on the basis of food safety and process hygiene criteria (Table 3).

Microbiological analyses using Tempo system

Depending on analyzed dairy product a 1/4, 1/40 or 1/400 dilution was
prepared. TEMPO test requires to hydrate the selective media by adding 3 ml
of sterile water. After adding a 1 ml of appropriately diluted product, a scan
was made. Prepared samples were placed in the filler. After reading the data
and closing the cards, a stands containing cards were transferred to incubators
and stored in the following conditions:

– TEMPO EC (Eschierichia coli): 37oC /24h
– TEMPO EB (Enterobacteriaceae): 35oC/24h
– TEMPO TC (total number of coliforms): 30oC/24h
– TEMPO LAB (lactic acid bacteria): 30oC/48h
– TEMPO TVC (total number of mesophilic microorganisms): 30oC/48h
– TEMPO STA (the number of Staphylococcus aureus): 37oC/24h
– TEMPO YM (yeasts and molds): 25oC/72h.
From the cards filler station data were sent to reading station. After

incubation period the cards were placed in TEMPO Reader station, where the
data was saved. The last stage of work was validation and printing.

Results and Discussion

In present paper the microbiological quality of selected ripened cheeses and
liquid dairy products using TEMPO system is analyzed. The main disadvan-
tage of the device is lack of microbiological selective tests against Listeria
monocytogenes, which makes unable to check the accordance with food safety
criteria for this pathogen. Table 4 presents the results of microbiological
analysis performed in soft, semi-hard and hard cheeses.

Tests performed in order to determine the number of lactic acid bacteria
(LAB) indicated their level ca. > 4.9x104 cfu/g in each of the analyzed cheese.
This bacteria ferment lactose to lactic acid and they are essential in dairy
products production processes, e.g. they are responsible for cheese maturation.
The evaluation of total number of mesophilic microorganisms (TVC) revealed
their level > 4.9x104 cfu/g. This number is in accordance with the polish
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Table 4
Results of microbiological analysis performed in selected ripened cheeses (cfu/g)

Test/Product Gouda Ementaler Edam Brie Camembert

LAB > 4.9x104 > 4.9x104 > 4.9x104 > 4.9x104 > 4.9x104

TVC > 4.9x104 > 4.9x104 > 4.9x104 > 4.9x104 > 4.9x104

STA < 10 < 10 < 10 < 10 < 10

EB < 10 < 10 < 10 < 10 < 10

EC < 10 < 10 < 10 < 10 < 10

TC < 10 < 10 < 10 < 10 < 10

YM < 100 < 100 < 100 > 4.9x104 > 4.9x104

Explanations to Table 4: LAB – lactic acid bacteria, TVC – total number of mesophilic microorgan-
isms, STA – Staphylococcus aureus, EB – Enterobacteriaceae, EC – Escherichia coli, TC – total
number of coliforms ISO30oC, YM – yeasts and molds

Ministry of Health Regulation from 13th of January year where the maximum
number of microorganisms should not exceed 5x105 cfu/g. Obtained results for
S. aureus (STA), Enterobacteriaceae (EB) and E. coli (EC) in ripened cheeses
showed their level < 10 cfu/g. It suggests that analyzed cheeses do not contain
pathogenic microorganisms that can be harmful for consumers. Similar results
were obtained for coliforms (TC) – their level did not exceed 10 cfu/g. In case of
mold cheeses Brie and Camembert, the number of molds and yeasts was
> 4.9x104cfu/g.

According to the Regulation 2073/2005 the process hygiene criteria are
determined by such microorganisms like E. coli and coagulase-positive S.
aureus. Mentioned Regulation demands that in the case of cheeses made from
milk or whey that has undergone heat treatment, the level of E. coli does not
exceed 100 cfu/g. Performed analyses using TEMPO system confirmed that the
cheese samples contain less than 10 cfu/g. The source of E. coli in ripened
cheeses can be the raw material, as well as the reinfection of final product.
Studies performed by BERTHOLD and STACHURA (2009) showed that E. coli and
enterohemorrhagicstrain O157:H7 grow well in soft cheeses. Moreover, in
cited paper it was stated that the microflora of hard cheese creates appropriate
conditions for E. coli growth.

The Regulation 2073/2005 with later modifications says that cheeses made
from milk that has undergone a heat treatment should contain < 100 cfu/g of
coagulase-positive S. aureus (STA). Microbiological analyses performed in
present paper showed that cheeses available on the market contain approxi-
mately >10 cfu/g of S. aureus. Total viable count (TVC) in each kind of cheese
was around > 4.9x104 cfu/g. Total number of microorganisms in cheese depends
firstly on the microflora of raw material, production and ripening conditions,
as well as treatment of cheeses after production (BERTHOLD 2009). Contamina-
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tion of all samples of cheese by yeasts and molds varied between 102 – 4.9x104

cfu/g. According to literature the number of yeasts and molds that has negative
impact on cheese quality is around >105 cfu/g (URARTE 1999). The higher
number can deteriorate the sensory properties of cheese, and can influence the
taste defect – yeast and foreign off-flavour (BERTHOLD 2009).

Table 5 presents the results of microbiological analysis performed in liquid
dairy products.

Table 5
Results of microbiological analysis performed in liquid dairy products (cfu/ml)

Pasteurised
milk

Butter
milk

Cranberry
yoghurt

Plain
yoghurt

Test/Product Kefir

LAB < 1 > 4.9x104 > 4.9x104 > 4.9x104 > 4.9x104

TVC < 1 > 4.9x104 > 4.9x104 > 4.9x104 > 4.9x104

STA < 1 < 10 < 10 < 10 < 10

EB < 1 < 1 < 1 < 1 < 1

EC < 1 < 1 < 1 < 1 < 1

TC < 1 < 1 < 10 < 10 < 1

YM < 1 < 100 < 100 < 100 <100

Explanations to Table 5: LAB – lactic acid bacteria, TVC – total number of mesophilic microorgan-
isms, STA – Staphylococcus aureus, EB – Enterobacteriaceae, EC – Escherichia coli, TC – total
number of coliforms ISO30oC, YM – yeasts and molds

Total number of coliforms (TC) in analyzed liquid dairy products was from
<1.0 cfu/ml to <10.0 cfu/ml, whereas E. coli (EC) for each product was <1.0
cfu/ml. According to the polish Ministry of Health Regulation from 13th of
January 2003 coliforms cannot be present in foodstuffs. In studies performed
by PLUTA et al. (2001) the presence of coliforms was determined in all samples
of yoghurt and bio-yoghurt tested in 1998–2001. The level of Enterobac-
teriaceae (EB) and E. coli was less than 1.0 cfu/ml. The number of S. aureus
(STA) was less than 1.0 cfu/ml in case of pasteurized milk, and less than
10 cfu/ml for other fermented dairy products. Microbiological tests performed
in order to assess the number of spoilage microflora, such as STA, EB and EC
determined their level in a range 1.0 – 10.0 cfu/ml. It suggests that analyzed
dairy products does not contain foodborne pathogens that can be harmful to
consumers. In performed studies an appropriate level of lactic acid bacteria
(LAB) was obtained: for pasteurized milk – <1.0 cfu/ml, for buttermilk, kefir,
cranberry yoghurt, plain yoghurt the number of LAB was approximately
>4.9x104 cfu/ml. Lactic acid bacteria are typical microorganisms found in
fermented dairy products. Total viable counts of mesophilic microorganisms
(TVC) for milk was <1.0 cfu/ml, and for fermented dairy products >4.9x104
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cfu/ml. It is a proper level because maximum number of microorganisms is
5x105 cfu/ml and above this number food product becomes disqualified and
cannot be placed on the market (BERTHOLD 2009). The last microbiological test
which was performed in order to determine the number of yeasts and molds
(YM) revealed their level below 1 cfu/ml in case of pasteurized milk, and below
100 cfu/ml for analyzed fermented dairy products. PLUTA et al. (2001) studied
the prevalence of yeasts and molds in 1995–1998 and 2000–2001 in food
products. The researchers found the number of yeasts and molds above 104

cfu/g in yoghurts and bio-yoghurts in 10% of analyzed samples, whereas in
2000–2001 this level of microorganisms was in 7% of tested yoghurts
and bio-yoghurts. In another studies conducted also in 2000–2001 by
ORZECHOWSKA et al. (2001) yeasts and molds were absent in 0.1g of product in
85% of analyzed samples, and in a range of 101–103 cfu in 1g of product in 15%
of analyzed products.

Conclusions

On the basis on performed studies it was stated that TEMPO system used
in the following studies increased the cohesion of obtained results and facili-
tated their interpretation. Nevertheless the main disadvantage of this device is
lack of test in order to determine the number of Listeria monocytogenes, which
makes unable to check the accordance with obligatory Regulation 2073/2005
with later modifications. Performed analysis confirmed that tested dairy
products were produced from raw material with appropriate microbiological
quality; each step of dairy products production was made in adequate manner,
in order to achieve a satisfactory quality of food product placed on the market.
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A b s t r a c t

Pollution of the shoreline of aquatic ecosystems, including inland water bodies, can pose
a serious threat to the natural environment. The aim of this study were to quantify the spatial and
temporal variation in anthropogenic litter abundance along 5 water bodies shore. This study
examines the number, composition and seasonal changes in the litter found along the shores of
selected water bodies in north-eastern Poland (the region of Warmia and Mazury). Water bodies and
the shoreline fragments were selected for the study which represents different types of waters, lotic
and lentic waters as well as those built by humans and natural ones. These water bodies are easily
accessible to anglers from the shore and to hiking tourists and cyclists. Litter items were counted
3 times in 2013, before the tourist season, during the season and thereafter. The amount of litter
along the shores of different water bodies differed, with the largest amounts being found along the
Wadąg River (from 1172 to 1756 items ha–1). However, the amount of litter found along the shorelines
of the water bodies under study was not found to be season-dependent. The largest group of litter
found along the shorelines was what can be included in the „other” category (from 23.1% to 38.1%),
as well as plastic bags (from 15.1 to 24.0%), which can be particularly harmful to aquatic organisms.
This study indicates that litter accumulated along the shores of water bodies in Warmia and Mazury
is a considerable problem, which could create a barrier for further sustainable development of
tourism and recreational fisheries in the region.
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A b s t r a k t

Zanieczyszczenie linii brzegowej ekosystemów wodnych, w tym akwenów śródlądowych, może
stanowić realne zagrożenie dla środowiska naturalnego. Celem niniejszej pracy było określenie
przestrzennej i czasowej zmienności obfitości antropogenicznych śmieci wzdłuż brzegu 5 zbiorników
wodnych. W pracy zbadano liczebność, skład, a także zmiany sezonowe śmieci występujących wzdłuż
linii brzegowej wybranych zbiorników i cieków w północno-wschodniej Polsce (region Warmia
i Mazury). Akweny i fragmenty linii brzegowej zostały tak dobrane żeby z jednej strony reprezen-
towały różne typy wód: płynące, stojące, sztuczne kanały oraz naturalne zbiorniki, z drugiej zaś, były
łatwo dostępne dla wędkarzy łowiących z brzegu oraz turystów pieszych i rowerzystów. Śmieci liczono
trzykrotnie w roku 2013, przed sezonem turystycznym, w środku sezonu oraz po sezonie. Ilość śmieci
w linii brzegowej poszczególnych akwenów różniła się, a największą ich ilość znajdowano nad rzeką
Wadąg (od 1172 do 1756 szt. ha–1). Nie stwierdzono natomiast istotnego wpływu pory roku na ilość
śmieci znajdującą się nad brzegami badanych zbiorników i cieków. Najliczniejszą grupę odpadów
znajdowanych w linii brzegowej stanowiły śmieci zaliczone do kategorii „inne” (od 23.1% do 38.1%)
oraz wykonane z tworzyw sztucznych torby foliowe (od 15.1 do 24.0%), które mogą być szczególnie
niebezpieczne dla organizmów wodnych. Wyniki niniejszych badań sugerują, że zaśmiecenie linii
brzegowej zbiorników i cieków na Warmii i Mazurach jest sporym problemem, który nierozwiązany
może stanowić barierę dla dalszego zrównoważonego rozwoju turystyki i rybołówstwa rekreacyjnego
w regionie.

Introduction

The problem of litter and the littering of waters and shore zones has been
increasing since the 1950s, when plastics entered common use (CARPENTER et
al. 1972, BARNES et al. 2009). Currently, the accumulation of litter in aquatic
ecosystems is a growing problem around the globe (WETZEL et al. 2004). Litter
in waters has an obvious effect on nature; microplastic is particularly harmful
because it is eaten by many aquatic organisms, such as bivalves (CANESI et al.
2012), crustaceans (MURRAY and COWIE 2011), and fish (BOERGER et al. 2010).
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Plastic pellets are worldwide contaminants that accumulate in the ocean,
especially in sandy beaches (TURRA et al. 2014). The issue of littering waters
and the coastal areas of seas and oceans has been explored more thoroughly
than freshwater ecosystems (KORDELLA et al. 2013, HOELLEIN et al. 2014,
NGUPULA et al. 2014). Most of the research studies have dealt directly with
litter on the bottom, the water and the surface of seas and oceans (MOORE et al.
2001, KOUTSODENDRIS et al. 2008, BOERGER et al. 2010). There have been many
studies on littering coastlines and beaches of salt water (CLAEREBOUDT 2004,
MARTINEZ-RIBES et al. 2007, TOPCU et al. 2013) and relatively scarce reports on
litter accumulated along the shorelines of inland waters (HOELLEIN et al. 2014,
DRIEDGER et al. 2015).

Warmia and Mazury is a geographic and cultural region in the north-east of
Poland, mainly in the lakeland; administratively, it lies within the province of
Warmia and Mazury. The city of Olsztyn is the capital of the region and is the
largest (population of about 180 thousand) city. Warmia and Mazury is
a specific region of Poland, mainly because of its natural features. Of particular
importance to the region are surface waters which occupy 138 566 ha, which is
5.7% of the area of the province of Warmia and Mazury and represents the
highest proportion of water surface in the entire country (SZCZERBOWSKI 1995).
The littering of beaches and coastal areas is one of the most visible manifesta-
tions of human activities in various aquatic ecosystems. For this reason, areas
attractive to tourists may be particularly susceptible to such pollution (TURRA

et al. 2014) and pollution caused by tourism appears to be increasing (GILBERT

2008). The touristic and recreational pressure in the area of Warmia and
Mazury seems to be increasing; the number of guests in accommodation
facilities in the years 2005–2011 increased from 760 to nearly 960 thousand
(Statistical Office in Olsztyn 2012). The latest marketing activities aimed at
promoting the region, including the „Mazury Cud Natury” („Mazury – a won-
der of nature”) campaign, have raised interest in the region. However, this also
affects the deteriorating condition of the environment, especially the shoreline
areas of lakes, rivers and other water bodies, which are major tourist attrac-
tions in the region (CZARKOWSKI et al. 2012, 2014). According to MAMCARZ and
SKRZYPCZAK (2011), the development of tourism and recreation on waters in
the north-east of Poland does not entail analysis of the pressure on the
environment, which – together with uncontrolled promotion of the region and
improper fisheries management – may bring negative effects by reducing
regional biodiversity.

Surface water monitoring in Warmia and Mazury has been conducted for
some time. This has included examination of the chemical condition, level of
eutrophication, vascular plant condition, zoo- and phytoplankton, benthos,
ichthyofauna, as well as physical and chemical properties of water. However,
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no studies have been conducted on the amount and composition of litter left
behind by people on the shores of inland water bodies in Warmia and Mazury.
It seems that the litter left behind in the shore areas is becoming an
increasingly serious problem in the lake districts, including Warmia and
Mazury. It is well known that littered shoreline and beaches can repel tourists,
thereby having a negative effect on tourism (KAI 2005). To deal with the
problem effectively, it is necessary to determine the scale, components and the
nature of the phenomenon, as well as its seasonal fluctuations. Therefore, it
was decided to examine the extent of littering of the shoreline of selected water
bodies in Warmia and Mazury over three study periods.

Materials and Methods

The study was conducted along fragments of the shoreline of 5 water bodies
in Warmia and Mazury in the north-east of Poland, in the Province of Warmia
and Mazury. These included the following bodies: Lakes Giławy, Łowne Duże
and Ustrych, the Wadąg River and Kanał Węgorzewski (Węgorzewski Canal)
(Figure 1, Table 1). Water bodies and the shoreline fragments were selected for
the study which represent different types of waters, lotic and lentic waters as
well as those built by humans and natural ones. These water bodies are easily
accessible to anglers from the shore and to hiking tourists and cyclists.
Moreover, it is noteworthy that Lake Ustrych is in the „Las Warmiński”
Nature Reserve. A total of 4.73 km of shoreline was examined with an area of
4.70 ha (Table 1).

Fig. 1. Localization of studied water bodies in the Province of Warmia and Mazury: Lake Giławy (P1),
Lake Łowne Duże (P2), Lake Ustrych (P3), Wądąg River (P4), Węgorzewski Canal (P5)
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Table 1
Localization and characteristics of studied water bodies in Warmia and Mazury

Lake
Giławy

Lake Łowne
Duże

Lake
Ustrych

Wadąg
River

Węgorzewski
Canal

Parameters

Latitude (oN) 53o42’44.04” 53o35’59.4” 53o38’12.89” 53o48’52.04” 54o12’21.35”
Longitude (oE) 20o49’2.44” 20o38’20.12” 20o29’46.53” 20o31’38.79” 21o43’45.8”
Shoreline length (m) 950 780 690 490 1820
Shoreline area (ha) 0.95 0.92 1.51 0.25 1.07
Distance from the city

center (km) 26.2 22.5 15.5 3.7 0.8
Fished sites 16 16 7 28 59
Litter bins 0 0 0 0 9

Litter items were counted 3 times in 2013, before the tourist season
(01–25.05; spring), during the season (11.07–02.08; summer) and thereafter
(01–09.11; autumn). The litter was not collected to enable season-to-season
comparisons, assuming that it was not only left behind, but it could also be
collected by people for various reasons. Solid items were counted on the land
while walking along the shore (the water/land junction) of the water bodies.
The study zone was limited by a dirt road running in the immediate vicinity of
the water. Since the belt in which litter items were counted was 4–12 m wide
along the majority of the shoreline under study, the amount of litter was
referred to as the area of the shore zone. The litter was classified into
10 groups: 1) empty packages of artificial lures; 2) empty packages and boxes of
live and artificial bait; 3) small items of angling equipment and its packages;
4) plastic buckets; 5) empty cans of food and drinks; 6) plastic PET bottles;
7) empty glass alcohol bottles and other glass containers; 8) foil and plastic
bags; 9) empty cigarette packets; 10) other (small paper pieces, food packages,
tyres, air tubes and other rubber items). Piers and footbridges for anglers as
well as other fishing sites and litter bins placed in the shore zone of the water
bodies were also counted. The percentage of different categories (%) and the
amount of different types of litter, expressed in absolute and relative numbers
for different water bodies and between seasons, was also compared.

Statistical analysis

The statistical analysis was preceded by data transformation (log n+1) and
subsequent verification of homogeneity of variance with Levene’s test. Subse-
quently, a two-way ANOVA was used to compare the amounts of litter in these
categories across the aquatic ecosystems and seasons. Post-hoc analyses were
conducted after statistically significant values of the F-test were achieved.
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Tukey’s test for a different number of variables was used to find statistically
significant differences between the variables under study. The water bodies
being examined were grouped by classification analysis. Data agglomeration
was performed by the Ward method, using Euclidean distances as a measure of
similarity. All statistical analyses were conducted with Statistica software
(Statsoft Polska, Kraków).

Results

A total of 710 items of different kinds of litter were recorded before the
tourist season along the shoreline of the water bodies under study. Debris
densities not varied significantly between season (P > 0.05, Figure 2) whereas
sites were significantly different from each other (P < 0.05, Table 2). A higher
number of litter was observed in autumn. The highest amount was found along
the Wadąg River and the lowest amount was along Węgorzewski Canal, both
shoreline fragments had the largest number of identified angling sites, but the
number of litter bins was completely different (Table 1). The number of litter
items after the tourist season increased, reaching a total of 860. As in the
previous periods, the highest amount of litter items was found on the Wadąg
River and the lowest amount was found along Lake Łowne Duże.

Fig. 2. Mean litter densities (± SD) in five water bodies in Warmia and Mazury during three seasons.
SD – standard deviation
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Table 2
Number (mean ± SD) of litter items per ha along the shorelines of selected water bodies. The mean
values with the same letter index are not significantly different (ANOVA, P<0.05). SD – standard

deviation

Lake
Giławy

Lake Łowne
Duże

Lake
Ustrych

Wadąg
River

Węgorzewski
Canal

Litter category

Groundbait packages 8.4b±1.05 0.4b±0.63 1.1b±1.38 29.3a±18.04 0.6b±0.54
Empty packages

and boxes of lures 13.0b±2.19 4.0b±3.32 5.5b±0.76 122.7a±34.02 1.6b±1.94

Small angling equipment 1.4b±0.61 0.7b±0.63 0.2b±0.38 25.3a±23.44 0.6b±1.08
Plastic buckets 1.1b±0.01 3.3b±1.09 0.00 8.0a±8.00 0.3b±0.54
Cans 11.2b±2.65 13.4b±8.44 7.7b±1.91 108.0a±63.50 9.7b±3.89
PET bottles 12.3b±0.61 5.1b±2.26 2.6b±1.15 244.0a±97.73 5.0b±3.78
Glass bottles 9.1b±3.38 15.2b±13.18 15.0b±9.28 78.7a±37.17 10.0b±10.25
Plastic bags 27.0b±20.37 9.1b±3.49 13.0b±3.40 350.7a±46.88 12.8b±6.76
Cigarette packets 3.9b±1.61 2.5b±1.25 2.4b±1.38 48.0a±0.01 4.7b±1.87
Other 58.6b±29.20 26.4c±5.36 24.5b±15.17 465.3a±94.85 20.2c±13.09

Fig. 3. Seasonal relative abundance of litter found on five water bodies in Warmia and Mazury

The number of litter items along the shoreline of different water bodies was
significantly different (P < 0.05, Table 2). The highest amount of litter items
was found on the Wadąg River (from 1172 to 1756 items ha–1, Figure 2) and the
lowest amount was along the Węgorzewski Canal (48.6–83.2 items ha–1).
The number of litter items at other sites was similar, except the „other”
category (P > 0.05). The amount of litter found along the shorelines of the
water bodies under study was not found to be season-dependent (P > 0.05).
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Fig. 4. The classification analysis for the sites (a) and categories of litter under study (b)

Litter classified as „other” accounted for the majority of waste at all the sites,
before, during and after the tourist season; it accounted for: 23.1, 38.1 and
35.2% of all the litter (Figure 2). Moreover, high percentages of foil bags were
recorded before and during the tourist season (23.1 and 24.0%, respectively).
Angler litter accounted for a considerable portion of the rubbish during the
tourist season (Figure 3). On the other hand, after the season the number of
foil bags decreased (15.1%) and the number of plastic bottles increased (11.9%,
Figure 3).

The analysis identified two clusters of the classification tree (Figure 4a).
The first branch, considerably different than the other sites, was created by
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the Wadąg River, whereas Lake Giławy stands out in the other part of the tree
diagram. A comparative analysis of the waste (Figure 4b) shows that a separate
branch of the tree diagram was made up of the litter classified as „other” as
well as foil bags and PET bottles. These categories of waste accounted for
between 50.7–71.6% of the litter. The smallest amount of litter in these
categories was found along Lake Łowne and the largest amount was along the
Wadąg River. In the other part of the dendrogram, the remaining categories of
litter were grouped into two branches. One of them comprised bait boxes, cans
and glass bottles, which accounted for from 20.9% of all the litter on the Wadąg
River to 40.7% on Lake Łowne Duże. The other branch comprised the litter
categories with the fewest items found along the shoreline of the water bodies.
These included buckets, cigarette packets, fishing equipment and empty lure
boxes. They accounted for 5.1% along the shoreline of Lake Ustrych and up to
10.1% on Lake Giławy.

Discussion

Depending on the season, the number of litter items found on the water
bodies under study ranged from 710 to 860, along the total distance of 4.73 km
of the shoreline, which is equivalent to 150.1 to 181.8 items km–1. These
findings, especially compared to the data obtained for the coastline of salt
water bodies visited by tourists, can be regarded as positive because, for
example, as many as over 130 items were found per one metre of the coastline
in the Balearic Islands (MARTINEZ-RIBES et al. 2007). For comparison, the
number of litter items along the coastline of the Baltic (the province of
Pomerania) did not exceed 100 per km (GILBERT 2008), whereas 213.7 items
per km were found along the shoreline of inland waters in the province of
Saskatchewan, Canada (Great Canadian Shoreline Clean-up 2012). When the
amount of litter is referred to a unit area, the results of this study are
considerably different than those obtained on the beaches of Ghana by
TSAGBEY et al. (2009), where much more litter was found.

Regardless of the season, the largest amount of litter was found on the
Wadąg River, whose fragment under study lies within the boundaries of
Olsztyn, a mere 4 km away from the city centre. Moreover, the number of
accessible angling sites per 1 km of the shoreline (57.1) was larger than
elsewhere. It appears that this may contribute to the higher level of shoreline
littering. Although the area lies within the city boundaries, there are no litter
bins. On the other hand, the amount of litter items found on the Węgorzewski
Canal, which also lies within the town boundaries and is popular with both
tourists and town inhabitants, was the smallest. Although the number of litter
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bins along Węgorzewski Canal ranged from 7 to 9. No statistical differences
were found between the amounts of litter during different seasons, but TOPCU

et al. (2013) indicated distinct seasonal variability, because much more litter
was found in autumn. Since the statistical analysis did not reveal any
significant differences across seasons, litter appears to have been collected, not
only left behind. Regular, coordinated cleaning of the shoreline was probably
only done on the Węgorzewski Canal. Litter on other water bodies may have
been collected, on a more or less individual basis, both by people collecting
recyclable materials, as well as by more environmentally-aware fishermen,
tourists or people living nearby.

During this study, different items were found along the shorelines which
had been brought there by water. Most of them were packages which were left
in the water after their contents had been used. As the analysis shows, the
largest group of items included plastic objects (bags and bottles) and waste
included in the „other” category, which were more difficult to classify specifi-
cally. These two categories of litter also dominated in the study conducted by
MARTINEZ-RIBES (2007). In a study conducted recently on the Thames, plastic
items, along with empty food and tobacco packages, also accounted for
a considerable portion of the intercepted litter (MORRITT et al. 2014). The
plastic waste, mainly bags and bottles, accounted for 61% of the litter along the
Baltic coastline (Gilbert 2008). Plastic is regarded as one of the major agents
polluting aquatic ecosystems, especially in salt waters (DERRAIK 2002, BARNES

et al. 2009). Recently, it has been regarded as a potential threat to fresh waters;
this applies mainly to the smallest plastic items. Plastic is a problem both in
European lakes (FAURE et al. 2012) and the large American lakes (ZBYSZEWSKI

and CORCORAN 2011, ERIKSEN et al. 2013). Plastic may have a negative impact
on aquatic animals (fish, birds, mammals) because they may mistake plastic
items for food and swallow them, which frequently ends up clogging their
alimentary tract or poisoning them with toxins transmitted on plastic objects.

Inland recreational fisheries is becoming the main form of exploitation of
wild freshwater fauna, both around the world (COWX et al. 2010) and in Poland
(WOŁOS and DRASZKIEWICZ-MIODUSZEWSKA 2012, MICKIEWICZ 2013, LIRSKI and
HRYSZKO 2014). Unfortunately, its negative effect on aquatic ecosystems,
including the shore area, is becoming noticeable (COOKE and COWX 2006,
ARLINGHAUS and COOKE 2009). One of the problems associated with recre-
ational fisheries is the littering of the shoreline by anglers. The amount of
litter left behind at sites of increased activity of anglers may be exceedingly
large. For example, the amount of litter left behind by anglers during one
season in a small marina (0.22 ha) situated about 20 km away from Olsztyn, on
Lake Kośno, was 1311 items, with 313 empty bait and lure packages (CZAR-

KOWSKI and KOZŁOWSKI unpublished data). This is why items of litter directly
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associated with recreational fisheries (empty lure and bait packages, small
items of fishing equipment and its packages, plastic buckets) were counted
separately. Such typically angling-related litter accounted for up to 24.7% of
all the litter found, depending on the water body and the season. In total,
along all the fragments of the shoreline under study, litter accounted for from
10.6% before the season to 12.6% after the season, with a considerable
contribution of bait and lure boxes and packages (up to 8.1% of the total
amount). The total number of bait boxes per unit length of the shoreline
under study ranged from 10.4 before the season to 13.3 items per km after the
season. Compared with the Saskatchewan data, where the number of bait
packages was close to 2.9 items per km (Great Canadian Shoreline Clean-up,
2012), the numbers recorded in Warmia and Mazury were much higher. In
general, litter originating from angling activities may contribute consider-
ably to the pollution of shores around the world (CLAEREBOUDT 2004,
TOURINHO and FILLMANN 2011).

The amount of litter along the shores of different water bodies differed and
the differences were statistically different. The largest amounts of litter were
found on the Wadąg River. However, the amount of litter found along the
shorelines of the water bodies under study was not found to be season-
dependent. The largest group of litter found along the shorelines was what can
be included in the „other” category, as well as plastic bags and PET bottles,
which can be particularly harmful to aquatic organisms. This study indicates
that littering along the shorelines of water bodies in the region of Warmia and
Mazury is a considerable problem, which if left unsolved, could create a barrier
to further sustainable development of tourism and recreational fisheries.
However, more resources need to be allocated for research into the problem. It
is necessary to develop appropriate solutions to prevent further degradation of
the shore and the aquatic environment without entailing considerable finan-
cial outlays. This approach will be consistent with a sustainable lakeland
development strategy.

Translated by JOANNA JENSEN
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litter along sandy beaches of the Turkish Western Black Sea Coast. Mar. Environ. Res., 85: 21–28.
TOURINHO P., FILLMANN G. 2011. Temporal trend of litter contamination at Cassino beach, Southern

Brazil. Journal of Integrated Coastal Zone Management, 11: 97–102
TSAGBEY S.A. MENSAH A.M., NUNOO F.K.E. 2009. Influence of tourist Pressure on Beach Litter and

Microbial Quality – Case Study of Two Beach Resorts in Ghana. West African Journal of Applied
Ecology, 15: 13–23.

TURRA A., MANZANO A.B., DIAS R.J.S., MAHIQUES M.M., BARBOSA L., BALTHAZAR-SILVA D., MOREIRA F.T.
2014. Three-dimensional distribution of plastic pellets in sandy beaches: shifting paradigms. Sci.
Rep., 4 (4435). DOI: 10.1038/srep04435

WETZEL L., FILLMANN G., NIENCHESKI L.F.H. 2004. Litter contamination processes and management
perspectives on the southern Brazilian coast. Int. J. Environ. Pollut., 21: 153–165.

WOŁOS A., DRASZKIEWICZ-MIODUSZEWSKA H. 2012. Presja i połowy wędkarskie w jeziorach użytkowanych
przez gospodarstwa rybackie w 2010 roku. [W:] Zrównoważone korzystanie z zasobów rybackich
na tle ich stanu w 2011 roku. Wyd. IRS, Olsztyn 55–64.

ZBYSZEWSKI M., CORCORAN P.L. 2011. Distribution and Degradation of Fresh Water Plastic Particles
Along the Beaches of Lake Huron, Canada. Water, Air Soil Poll., 220: 365–372.

Composition and seasonal changes of litter along... 135



vacat



POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc., Vol 31(1): 137–144, Y. 2016

PATHOMORPHOLOGICAL EXAMINATION
OF THE LIVER IN CATTLE IN THE COURSE

OF A NATURAL INFESTATION WITH
FASCIOLA HEPATICA (L.)

Mirosław M. Michalski1, Michał Gesek2

1 Department of Parasitology and Invasive Diseases
2 Department of Pathological Anatomy, Faculty of Veterinary Medicine

University of Warmia and Mazury in Olsztyn

K e y w o r d s: Fasciola hepatica, cows, liver, pathomorphology, ACP, SDH.

A b s t r a c t

An evaluation of lesions in the livers of Black and White cattle, aged 4 to 7, naturally infested
with Fasciola hepatica was performed. The studies included a comprehensive analysis of histological
lesions and liver enzyme activities determined with histochemical methods depending on the degree
of natural Fasciola hepatica infestation. The studies revealed increased number of reticular fibres, an
increase of acid phosphatase (ACP) activity, a reduced activity of succinic acid dehydrogenase (SDH)
and a decrease in the content of glycogen in the hepatocytes. The damage of the hepatocytes was
potentiated together with increasing severity of fluke infestation, which caused mononuclear cell and
eosinophilic granulocyte infiltrates, abscess formation and connective tissue proliferation. The
presented lesions in liver were determined by duration of the pathogenic effects of flukes infestation,
the number of fluke parasites and the age of the animals.
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A b s t r a k t

Przeprowadzono ocenę zmian patologicznych w wątrobach bydła rasy czarno-białej, w wieku od
4 do 7 lat naturalnie zarażonego Fasciola hepatica. Badania obejmowały kompleksową analizę zmian
histologicznych i aktywności enzymów wątrobowych oznaczanych metodami histochemicznymi
w zależności od stopnia naturalnego zarażenia Fasciola hepatica. Badania wykazały rozplem włókien
retikulinowych, wzrost aktywności fosfatazy kwaśnej (ACP), zmniejszoną aktywność dehydrogenazy
kwasu bursztynowego (SDH) i spadek zawartości glikogenu w komórkach wątrobowych. Wraz
z wzrostem intensywności inwazji przywr uszkodzenia komórek wątrobowych nasilały się, co
powodowało nacieki komórek jednojądrzastych, granulocytów kwasochłonnych, tworzenie się ropni
i rozplem tkanki łącznej. Opisane zmiany w wątrobie były zależne od czasu chorobotwórczego
oddziaływania przywr, liczby pasożytów i wieku zwierząt.

Introduction

Fasciolosis (liver fluke disease) in cattle is relatively common in Poland and
still presents a significant economic issue, as it does in many other countries
(CARRADA-BRAVO 2003, GAJEWSKA et al. 2005, KOZŁOWSKA-ŁÓJ and ŁÓJ-MAC-

ZULSKA 2013, MAGE et al. 2002, NOVOBILSKY et al. 2014). Animals infested with
Fasciola hepatica are much less efficient in feed conversion, weight gains and
milk production, and their resistance to infection is reduced. Apart from
economic losses, these flukes cause disturbances in a number of organs and
systems, e.g. the reproductive system (ROMANIUK 1977). Hepatic dysfunctions
mainly involve the protein system and liver enzymes. During fluke infestation,
the α- and β-globulin fractions in the blood significantly increase and their
level is correlated with liver damage. In livers infested with flukes, a significant
reduction in glycogen and reductive sugars is detected (NANSEN 1971, FUR-

MAGA and GUNDŁACH 1972).
Migrating juvenile flukes form „migratory tunnels” which, over time,

transform into connective tissue scars damaging the hepatic parenchyma over
large areas. Bile ducts in the portal areas are significantly enlarged. Diffuse
proliferation of the epithelial cells in the bile ducts, especially adjacent to blood
vessels was reported (RAHKO 1971).

Flukes have a strong affinity to the hepatic tissue and bile ducts. Resultant
lesions in the liver depend on the severity and stage of infestation (GAJEWSKA

et al. 2005, KONRAD 1968). DOY et al. (1984) in a gross examination, found
multiple red and brown or, locally, white foci under the liver capsule. The
majority of these foci (approximately 80%) were situated in the left hepatic
lobe, particularly under the capsule. Histology revealed inflammatory cell
infiltrates consist of lymphocytes and neutrophils located under the capsule.
Additionally indistinct lobular architecture of the parenchyma and haemor-
rhages were noted. DOY et al. (1984) on 14 days post infection, observed
infiltrates of numerous eosinophilic granulocytes in the hepatic parenchyma.
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After 21 days post infection, fibrous adhesions of the left hepatic lobe with the
diaphragm, infiltrates of numerous eosinophilic granulocytes and regressive
lesions in the hepatocytes were observed. Apart from the discussed lesions,
DOW et al. (1968) also found hypertrophy and fibrosis of the intima in the
hepatic blood vessels. Mechanical damage caused by migration of juvenile
stages of liver flukes resulted in thrombosis and inflammatory processes in the
blood vessels.

In the available literature, there is a lack of reports on a comprehensive
analysis of histological lesions and liver enzyme activity determined with
histochemical methods, depending on the degree of a natural infestation with
Fasciola hepatica flukes.

The objective of the studies was to evaluate the pathomorphological lesions
in the liver and to perform a histochemical assessment of the activity of
selected enzymes in the hepatocytes in cows naturally infested with Fasciola
hepatica flukes.

Materials and Methods

The studies were carried out with 22 Black and White cows, aged 4 to
7 years, slaughtered in an abattoir and divided into two groups: those with
a liver fluke infestation and those without infestation (n=9). The group of
animals with liver fluke infestation was further divided into three subgroups
depending on the degree of severity and the type of lesions detected macro-
scopically. Subgroup I included 9 animals with slightly thickened bile ducts,
whereas subgroup II consisted of 7 animals with significantly thickened bile
ducts, calcification foci and parenchymatous degeneration of the liver; sub-
group III included 6 animals with diffuse calcification of bile ducts, single
abscesses and lipidosis of the liver.

Two samples of the left hepatic lobe of approximately 100 grams each were
collected from the animals infested with F. hepatica (n=22) and without
infestation (n=9). One sample for histopathology was fixed in 10% buffered
formalin (pH = 7.4). The second was put in a vacuum flask with dry ice for
testing succinic acid dehydrogenase (SDH) and acid phosphatase (ACP) activ-
ity and for detecting lipids.

The liver samples for histopathology were embedded in paraffin and
5μm-thick paraffin sections were prepared. These paraffin sections were
stained with haematoxylin and eosin (HE) according to the PAS method by
McManus and silvered according to the method by Gomori (BANCROFT and
GAMBLE 2008).

The frozen liver sections were stained for lipids with Sudan IV according to
Lillie-Ashhurn (BANCROFT and GAMBLE 2008). In addition, the cryostat liver
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sections were tested for succinic acid dehydrogenase activity (BANCROFT and
GAMBLE 2008) and acid phosphatase activity (BANCROFT and GAMBLE 2008).

The evaluation of reticular fibres in the liver was achieved by dividing them
into three groups: 1 – normal reticular fibres; 2 – an increased number of
branched reticular fibres; and 3 – an increased number of reticular fibres of
different thickness and extensively branched.

The contents of polysaccharides in the hepatocytes was determined accord-
ing to a established 3-degree scale: (+) – moderate content of polysaccharides
(slightly more intensive pigmentation of the hepatocytes); (++) high content
of polysaccharides (intensive pigmentation of the hepatocytes); (+++) – very
high content of polysaccharides (very intensive pigmentation of the hepa-
tocytes).

The content of lipids in the hepatocytes was determined microscopically by
distinguishing two groups: 1 – a lack of lipid vacuoles in the hepatocytes; and
2 – the presence of lipid vacuoles in single hepatocytes.

The histochemical activity of acid phosphatase and activity of succinic acid
dehydrogenase was determined according to a personal 3-degree scale: low (+);
moderate (++), and high (+++).

Results

The livers of all 9 animals from the control group had a regular tawny
colour and dense texture. The microscopic examination of the liver in these
animals revealed hyperaemia in 3 animals and parenchymatous degeneration
of the hepatocytes in 2 animals.

In the experimental group, in a majority of cases the number of liver flukes
ranged from 6 to 10 (26.3%) and from 36 to 45 (22.3%). In 22 examined cows
with evidence of fluke infestation, a microscopic examination showed small
clusters of mononuclear cells in the lobules and mononuclear cell infiltrates
with eosinophilic granulocytes situated perivascularly, with proliferation and
oedema of hepatic stellate cells and hyperaemia of intralobular veins and
central veins, subcapsular and interlobular vessels. Furthermore, there was
proliferation of intralobular and interlobular connective tissue and connective
tissue proliferation around the central veins and around migratory tunnels in
the hepatic parenchyma. In addition, parenchymatous and vacuolar degener-
ation of single hepatocytes and necrosis of the hepatocytes were observed. The
foci with adult flukes were located within the bile ducts and surrounded by
connective tissue, and there was fatty degeneration of the hepatocytes. The
hepatic stellate cell proliferation as well as dissociation of the hepatocytes were
observed. The foci composed with neutrophils (abscessation foci) were also
found in the hepatic parenchyma. Fatty degeneration of the hepatocytes in the
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cows with liver fluke infestation was recorded in 27% of the specimens in
subgroup I, in 18% of the specimens in subgroup II and in 22% of the
specimens in subgroup III. Few foci of coagulative necrosis in the hepatic
parenchyma were found in the cows from subgroup I, slightly more in
subgroup III, and the most were found in subgroup II. Hepatic cell dissociation
was only found in the liver from the cows in subgroup III, whereas hyperaemia
was seen in all liver specimens from subgroups I, II and III in 87%, 82% and
100% of the sections, respectively. Mononuclear cell and eosinophilic
granulocyte infiltrates were observed in 70% of the specimens in subgroup II,
compared to 80% in subgroup I and 89% in subgroup III. Proliferation or
atrophy of hepatic stellate cells was observed in approximately 27% of liver
specimens in the subgroup I and in about 35% in subgroups II and III, whereas
connective tissue proliferation was demonstrated in 50% of the liver samples in
subgroup II.

An increase in the number of extensively-branched reticular fibres was
detected in the cows from all experimental groups (Table 1). The results of
polysaccharide content in the hepatocytes are shown in Table 2. In the control
cows, a moderate amount of polysaccharides was demonstrated in 25% of the
examined samples and a high content in 75% of the examined samples, while in
subgroup I the content was 53% moderate, 33% high and 14% very high in the
samples. These results were 65%, 25% and 10%, respectively, in subgroup II
and 77 %, 18 % and 5 %, respectively, in subgroup III.

Table 1
The structure of reticular fibres in the cattle liver

Affirmed changes in % of preparations

K I II III
The kind of changes

The normal reticular fibres 85 – – –

The increased number of branched reticular fibres 15 80 47 11

The increased number of reticular fibres of different
thicknesses and extensively branched – 20 53 89

Explanation: K – control group, I group – weak thickened bile ducts, II group – strongly thickened bile
ducts, focal calcification, parenchymatous degeneration, III group – calcified bile ducts, single
abscesses, fatty degeneration

Table 2
Contents of the polysaccharides in the liver hepatocytes (%)

Group of animals

K I II III
Contents of the polysaccharides in the hepatocytes

Moderate 25 53 65 77

High 75 33 25 18

Very high – 14 10 5
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The results for lipid content in the hepatocytes demonstrate that no lipid
vacuoles were observed in the hepatocytes in the control group samples,
whereas single hepatocytes with lipid-containing vacuoles were found in the
cows naturally infested with F. hepatica.

The results of histochemical assays are presented in Tables 3 and 4. The
activity of acid phosphatase (ACP) in the cows from all experimental groups
was significantly lower compared to the animals from the control group. The
activity of succinic acid dehydrogenase (SDH) in subgroup I was average and
low in the subgroup II and III in comparison to the control group, in which it
was very high.

Table 3
Activity of acid phosphatase (ACP) in the cattle liver infested by Fasciola hepatica flukes

Group of animals

K I II III
Acid phosphatase activity

Low – + + +

Moderate + + + +

High – – + +

Table 4
Activity of succinic acid dehydrogenase (SDH) in the cattle liver infested by Fasciola hepatica flukes

Group of animals

K I II III
Succinic acid dehydrogenase activity

Low – – + +

Moderate – + – –

High + – – –

Discussion

The described lesions in the liver were found in the cows with liver fluke
infestation, which was not reported in the control cows. The performed assays
indicate that the least apparent lesions in the liver were found in the cows from
subgroup I, slightly more severe in subgroup III and the most severe in the
subgroup III. These lesions were determined by the pathogenic effects of
flukes, age of the animals and the number of parasites. The results of personal
studies are consistent with findings reported by other authors (DOW et al.
1968, GAJEWSKA et al. 2005, RAHKO 1971, RAHKO 1973, RAHKO 1973).

In the cows from the subgroups I and II, there was a increased number of
reticular fibres with an increased number of branches fibrils surrounding
hepatocytes. It was found that the reticular fibres of connective tissue in-
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creased in number together with an increasing number of parasites damaging
the hepatic parenchyma. These lesions were particularly evident in the sub-
group III cows. A similar type and nature of the reticular fibres was reported
by ROMANIUK et al. (1973). Similar results were reported by MARCOS et al.
(2007), who found increasing amounts of connective tissue together with an
escalating intensity of parasitic infestation, which was also found in our
studies.

In the liver sections from the subgroups I and II, a moderate content of
polysaccharides was detected in approximately 50% of the samples, whereas
in about 70% of the samples in the subgroup III; the content was very high in
14%, 10% and 5%, respectively. The demonstrated lesions indicate that the
level of polysaccharides in the cattle liver significantly decreases with in-
creasing severity of liver fluke infestation (damage to the hepatocytes).
Similar lesions in the course of F. hepatica infestation were reported by
RAHKO (1971).

Single hepatocytes with lipid-containing vacuoles were observed. These
cells were located around the bile ducts. Degenerated hepatocytes were more
often found in subgroup III in comparison with the other groups of animals.

The activity of acid phosphatase (ACP) is linked to the function of
lysosomes in the cells. Under pathological conditions, its activity increases,
which indicates damage to the intracellular structures. In the analysed cows,
ACP assay was enhanced in the central zones of hepatic lobules and near the
parenchyma damaged by flukes and was intensified together with the degree of
infestation. The activity of this enzyme was clearly increased in the cows from
subgroups II and III. A similar acid phosphatase activity was demonstrated by
THORPE (1967).

The succinic acid dehydrogenase (SDH) assay in the cattle infested with F.
hepatica was the most evident in the central lobular zone. Reduced SDH
activity was detected in the liver, adjacent to microabscesses. This assay was
determined by the number of parasites, which is consistent with the findings
reported by THORPE (1967).

The parasites exert a mechanical impact (by damaging with tiny spikes on
the cuticle) on the host, as well as a chemical impact (mainly through their
metabolic products such as toxins) and a direct impact (by introducing
pathogenic microorganisms). The presence of F. hepatica in the host initiated
protective mechanism interactions in a very complex way (OLDENBORG et al.
1976), resulting in biochemical changes (in the internal organs and body
fluids), clinical symptoms and pathological changes (FURMAGA and GUNDŁACH

1972). A comprehensive analysis demonstrated that in the liver of cows in
which the severity of F. hepatica infestation was highest, a low content of
polysaccharides (reserve material and energy source), a high number of
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reticular fibres (responsible for fibrosis of the organ), a high activity of acid
phosphatase (ACP) and a low enzymatic activity of hepatocytes (manifested by
a poor reaction of succinic acid dehydrogenase (SDH) reaction) were found.
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