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Turning Rural Potential into Success
Farm Diversification from Resource-Based Viewpoint
Lauku potencialu parveidojot veiksme
Lauku saimniecibu darbibas dazadoSana

Leena Rantamiiki-Lahtinen
MTT Agrifood Research Finland
e-mail: leena.rantamaki-lahtinen@mtt.fi

Abstract. Farms possess many valuable resources which can also be used in novel non-agricultural enterprises.
The subject of this paper is to discuss how farm diversification can be approached within the resource-based
theory (RBT) framework. Key questions are: what kinds of resources are important in diversified farms, and
how diversified farms can compete with specialized firms. Although the resource-based theory is seldom used
in farm management studies, it provides a good theoretical framework for farm diversification. According to
data collected in a postal survey in 2006 (n=749), Finnish conventional farmers valued tangible results higher
than non-farm entrepreneurs did. Also the latter valued intangible things highly, such as the firm’s image or
customer relationships. Diversified farms were an in-between group. Diversified farms were equally successful
or even slightly more successful than non-farm enterprises in possessing the needed resources. Thus, farmers
who have diversified are well placed in possessing general resources to run their farm-firm complexes. In the
future, intangible resources are becoming more and more important in many sectors, so in the long run we

should focus on them.

Key words: farm diversification, resource-based theory, rural area.

Introduction

Rural areas and the use of rural resources are going
through rapid socio-economic change. Globalization,
fierce competition in world markets, crises in food
safety, and poor profitability of many agricultural
products have led to a decrease in farm incomes
and increased uncertainty. New demands for land
use and environmental issues will certainly change
the operational environment of rural industries. In
a similar manner, globalization, rapid technological
change and population trends have affected other
economic sectors in rural areas. Consequently, there
is an urgent need for new enterprises and new income
opportunities. At the same time, there is an increasing
demand for rural services and products. Rural areas
have many specific resources which can be used in
many ways and they do provide unique business
opportunities. Farm diversification provides one
solution in meeting the demands. Local farmers are
often well placed to take advantage of possibilities
for increasing demand for rural products and services

(Haines and Davies, 1987; Carter, 1998; Rantamaki-
Lahtinen et al., 2007).

Diversification is not by any means a novel
phenomenon among farmers. Agricultural historians
have reported diversification activities from medieval
times (Friedmann, 1986; ref. by Carter and Ram,
2003). Recently, there is clearly an increasing interest
toward diversification. For instance, the share of
farms with other gainful activity (OGA) has risen
from 7.3% to 8.1% at EU-25 levels from 2003 to
2005. In Norway 32%, in Finland 29%, in France
25%, and in the UK 25% of farms have other gainful
activities (Eurostat 2007).

It can be predicted that the role of diversified farms
will increase in the future. As agriculture is going
through big changes, policymakers as well as farmers
have many expectations concerning non-agricultural
diversification. Farms do possess many valuable
resources which can be used in non-agricultural
enterprises as well. Diversification is, however, quite
a challenging way of running a (small- and medium-

L <Other gainful activity is an activity which does not comprise any farm work but is directly related to the holding using
its resources and has an economic impact on the holding’ (Eurostat 2007). The term is narrower than the definition of farm

diversification in this paper.
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sized) enterprise. The subject of this paper is to
discuss how farm diversification can be approached
within the resource-based theory framework. Key
questions are: what kinds of resources are important
in diversified farms and how diversified farms can
compete with specialized firms.

Core Concepts

In this paper, the term ‘diversified farm’ refers
to a farm where a farmer/farm family runs the farm
and also to a non-agricultural enterprise (Vihtonen
and Haverinen, 1995; Rantamaiki-Lahtinen, 2004).
The term ‘diversification’ covers farming and non-
agricultural diversification within the same enterprise
and portfolio entrepreneurship. The former has two
or more business economic sector entries within the
one company (Robson et al., 1993, p. 38). Portfolio
entrepreneurs are people who run at least two
separate registered businesses simultaneously (see
e.g., Carter, 1998; Rosa and Scott, 1999; Ucbasaran
et al., 2003). The majority of farm businesses could
be classified as ‘farm family businesses’ (Gasson et
al., 1988; Gasson and Errington, 1993). Reed et al.
(2002) stress that the role of the family might actually
be even more important in diversified farms. Given
the crucial importance of the family, the concept of
the single portfolio entrepreneur has been extended
to cover the entire farm family.

Resource-Based Theory (RBT)

The resource-based theory (RBT) combines two
different approaches: a management perspective and
an economics perspective. It can provide resource-
level and firm-level explanations of sustained
performance differences among firms. However, it is
not very suitable for industry-level analysis. Hence, it
is complementary, for example, for Porter’s Diamond
theory and game theory (Peteraf and Barney, 2003).

In RBT, the firm is defined as a collection of
resources (Penrose, 1995, p. 77). These resources
and the products of the firm are two sides of the
same coin: most products require several resources
(Wernerfelt, 1984). Vice versa, most resources can
be used in different ways, and a firm can seek new
competitive advantages by using these resources in
new ways, turning them to new products or services
(Coates and McDermott, 2002). In RBT, it is seen
that firms — or farms — are bundles of heterogeneous
resources. The resources can be defined broadly as
inputs into the production process (Grant, 1991) or
as tangible or intangible assets which firms use to
develop their strategies (Barney and Arikan, 2005;
Ray et al., 2004). There is a common understanding
among the researchers of the field that the focus should
be on valuable or critical resources and capabilities

which have a significant positive effect on costs
or perceived benefits. These critical resources are
important for their value-generating ability and their
scarcity (Peteraf and Barney, 2003).

According to Barney and Arikan (2005), many
basic assumptions of the RBT are similar to those
of other theories of persistent superior performance.
In fact, it has only two fundamental assumptions
which are different from other frameworks. These
assumptions are, first, resource heterogeneity and,
second, resource immobility. Heterogeneity of
available and potential resources gives each firm its
unique character (Penrose, 1995, p. 75). According
to Barney and Arikan (2005), it is assumed that
some firms, for some of the time, may possess
valuable resources which enable them to develop and
implement strategies better than competitors (resource
heterogeneity) and that these resource differences may
be continuous (resource immobility). In empirical
work, this type-positioning of RBT and strategic
management is used as a means of determining
which resources offer competitive advantage (see
e.g., Forsman, 2004; Perry et al., 2005). Competitive
advantage means that the firm implements a value-
creating strategy which is not implemented by current
or potential competitors (Barney and Arikan, 2005).
Grant (1991) linked the resources and capabilities to
long-term strategy. Resources and capabilities, on the
one hand, provide the basic direction for the strategy
and, on the other hand, they are also the primary
sources of profit which one could also understand as
the success of the firm.

Diversification and RBT

‘... Afirm is essentially a pool of resources the
utilization of which is organized in an administrative
framework. In a sense, final products being produced
by a firm at the any given time merely represent one
of the several ways in which the firm could be using
its resources, an incident in the development of its
basic potentialities” (Penrose, 1995, pp. 149-150).

Diversification has many advantages for a firm.
Firms diversify to other businesses in an effort to
reduce risk or dependence on certain products or
markets, to capitalize opportunities, to seek synergies
in terms of markets, products or technology, to
strive for aggressive growth, to gain power through
markets or market and capital access or to reflect
the owners’ and/or managers’ aspirations and goals
(Sambharya, 2000). Penrose (1995) stated that even
though it might be true for most lines of production
that productivity and costs would, ceteris paribus,
be lower in specialized firms, the fact is only limited
for the determination of the most profitable use of
its resources in changing conditions. The changing
nature of business opportunities provides a firm with

LLU Raksti 21 (315), 2008;1-10
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possibilities to invest in new avenues, while at the
same time maintaining its current lines of businesses.
There are several problems in diversification strategy
as well. In order to perform well, a firm must
overcome these problems. Diversification strategy
has several risk elements, and entering into different
markets is obviously a risky business (Markides,
1997). Over-diversification refers to the situation
when a firm diversifies beyond the optimal limit, and
the diversification starts to have a negative effect on
profitability and the firm’s market value (Markides,
1995).

RBT has been used to explain diversification
strategy as it is a theory which is fundamentally
concerned with the internal accumulation of assets
with asset specificity and, less directly, transaction
costs. RBT has a very significant advantage in
that it works as a unifying theory which allows it
to view both related and unrelated diversification
through a common lens (Peteraf, 1993). Thus,
RBT has drawn attention from product-market
actors to resource factors. RBT has been applied to
diversification strategy in different ways. RBT can
provide explanation for limits in a firm’s growth. It
suggests that a firm’s human and physical resources
limit the markets in which the firm can enter and its
ability to produce and fund needed investments and
growth management. RBT can provide explanations
as to why firms diversify and explain the underlying
principle for the direction of the diversification. RBT
can also provide an explanation for the relationship
between performance and a chosen diversification
strategy. In particular, the theory explains how
resources which are associated within certain
diversification types are related to performance.
RBT can provide an explanation for portfolio-level
relationships and how such linkages can be used to
explain financial performance and, finally, it can also
provide new insights for the efficient management of
diversification strategy (Bergh, 2005, pp. 362-367).

Markides and Williamson (1996) stressed that
diversification will only enhance performance, if it
allows a firm to obtain preferential access to critical
resources which cannot be purchased or replaced by its
non-diversified rivals. Even then, the advantage will
eventually perish when non-diversified competitors
imitate them and asset erosion affects these resources.
One of the most important ways to obtain new
strategic assets or critical resources is to accumulate
them through learning. A diversified firm might have
a possibility to use its former experiences when it is
creating new critical assets or core competences in
other fields, and thus, derive long-term benefit of
this kind of dynamic relatedness. In order to gain a
sustainable competitive advantage by sharing these
critical resources between different lines of industry,

LLU Raksti 21 (315), 2008;1-10

the firm must also have an organizational structure
which is more efficient in realizing the benefits of
sharing than the alternative transaction modes used
by competing non-diversified firms (Robins and
Wiersema, 1995).

Farm Diversification and RBT

Over the years, researchers representing numerous
disciplines have studied farm diversification and
portfolio entrepreneurship. They have been studied,
e.g., from viewpoint of agricultural economics, small
business research, sociology, rural policy studies,
development studies, and social anthropology. Some
studies have focused on a single farm diversification
industry, like agro-tourism (Hjalager, 1996; Busby
and Rendle, 2000; Nickerson et al., 2001) or on on-
farm processing (Ekman and Andersson, 1998). In
addition, diversification could be classified as one
of the key issues in strategic management literature
concerning large enterprises (see e.g., Penrose, 1995;
Markides, 1997; Sambharya, 2000; Park, 2002;
Carter and Ram, 2003; Singh et al., 2004). However
so far, not much small business or farm management
research has used an RBT framework directly,
although it is very promising approach.

Pascotto (2006) stated that, in diversified Italian
farms, a diversification enterprise produces a high
contribution to total revenues, even though the greater
proportion of work time is spent on agriculture. This
is due to the use of agricultural resources in the
diversification activity, i.e., joint resources. Cabrera-
Suarez et al. (2001) argued that family firms have
some resources which have brought them competitive
advantage on the markets. These family business types
with critical resources are, for instance, the high level
of commitment of the family members and employees
and their dedication to the firm, and the quality and
trust which are often related to family businesses.
Torkko (2006) studied farm diversification in her
dissertation. Her main objective was to find factors
by which positive development could be promoted.
A qualitative study was made using hermeneutic
methods and a case-study approach. The main results
were that farmers had stronger product-related skills
as compared to marketing, and diversified farms did
not have official strategies. Kujalaetal. (2006) studied
innovative business concepts among farmers who ran
diversified farms in the area of Eteld-Pohjanmaa in
western Finland. Triangulation of quantitative and
qualitative data and methods were used. According
to the results, the farmer himself is the key actor
when successful innovative business concepts are
created. His ideas, know-how and courage were
the most crucial factors when ideas were developed
for innovations. In order to create business growth
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among diversified farms, resources which are based
on an innovation environment should be in more
effective use and attention should be paid especially
to focusing these resources.

Alsos and Carter (2006) studied resource transfer
from agriculture to other business ventures and
performance consequences on diversified Norwegian
farms. Their results indicate that there is a substantial
resource transfer, especially when a diversification
enterprise is closely related to agriculture through
horizontal or vertical integration. Farms which have
relatively more resources, such as knowledge or office
premises, also transferred more of them to the new
business. According to the study, resource transfer
affects both positively and negatively the profitability
performance of new ventures. The transfer of
physical resources did enhance the performance,
but the transfer of know-how actually hindered the
performance of the new venture.

There are several studies which have not directly
used RBT but have results which help to understand
farm diversification from the resource-based angle.
There are several studies to hand from all over
the world which have explored why farmers have
diversified in the first place, and whether they
are happy with the chosen path. Nickerson et al.
(2001) studied motivations for agro-tourism among
farmers and ranchers in Montana. According to their
results, farmers/ranchers had multiple reasons for
diversification, including economic factors, such
as agricultural income fluctuations, tax incentives
and meeting the demand of growing recreational
markets.

Rantamaéki-Lahtinen(2004)studied diversification
strategy and decision-making in diversified Finnish
farms from the perspective of management. According
to the results, the objectives to start non-agricultural
entrepreneurial activities on farms were driven by
both opportunity and necessity. Farm diversification
could be implemented though vertical integration
or horizontal integration or agriculture and the non-
agricultural enterprise might be unrelated. Results
also indicate that existing (spare) resources affect the
direction of the diversification. On those farms which
had vertically or horizontally integrated agriculture
and diversified enterprise, the initial objectives
to diversify linked in closely with existing spare
physical resources, such as own raw materials and
machinery.

Preliminary Empirical Findings from
Finnish Data

Diversification is relatively common on Finnish
farms. In 2005, there were 24 200 diversified farms
in Finland, which is about 35% of the total farm

population. Of these, 86% used their agricultural

resources (labor and machinery, land or raw materials)

in their diversification enterprise (Mustalahti and

Rantamaiki-Lahtinen, 2006). Resource allocation,

therefore, is indeed an important issue for these

farms.

MTT Agrifood Research, TTS Research and the
Department of Social Psychology of the University
of Helsinki are currently working with an ongoing
study ‘Changing rural entrepreneurship—Changes on
entrepreneurial identity and resource management
among Finnish farmers and other rural entrepreneurs
during 2000-2006°. The focus of the project is on
resource management and entrepreneurial identity.
The large postal survey data collected in 2006 are
utilized. The data consist of two data sets: panel data
that was the follow-up survey for the similar survey
2001 and an additional sample.

The data consisted of three main groups: 1)
non-agricultural  small-scale  businesses  (“non-
farm enterprises’), 2) farmers who also had non-
agricultural business (‘diversified farms’), and
3) conventional farmers concentrating only on
agriculture (‘conventional farms”). Data collection
procedure and response rates are illustrated in
Figure 1.

The survey was sent in autumn 2006, and for those
who did not respond at the first time, it was sent again
about a month later. The questionnaire consisted of
questions or of a series of questions organized under
different headings, such as background information
about the respondent, identity, economic information
about the firm/farm, resource management, firm/farm
co-operation and outsourcing of work, organization
of the administrative and management tasks. In this
article four variables were utilized:

— How importantresource ... is/are in your industry
in general? (The list of 13 resources, evaluated
in scale 1-3, where 1 = not important, 3 = very
important.)

— Own resources compared to competitors. (The
list of same 13 resources, evaluated in scale 1-5,
where 1 = significantly weaker, 3 = similar, 5 =
significantly better.)

—  Theuse ofagricultural resources to diversification
enterprise. (The list of 7 possible farm resources
that could be utilized in other activities,
evaluated in scale 1-5, where 1 = not at all, 5 =
very much.)

— The wuse of non-agricultural resources to
diversification enterprise. (The list of 7 possible
farm resources that could be utilized in other
activities, evaluated in scale 1-5, where 1 = not
at all, 5 = very much.)

—  The use of non-farm resources to farming. (The
list of 6 possible non-farm resources that could

LLU Raksti 21 (315), 2008; 1-10
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2001 Survey
1093 responses
195 rural small businesses, 663 diversified farms, 235 conventional farms

Follow-up 2006

4L

520 responses
Response rate: 49%

Additional sample
1800 respondents
600 rural small businesses
600 diversified farms
600 conventional farms

4 L

351 responses
Response rate: 20%

2006 Survey
871 responses*,
131 rural small businesses, 469 diversified farms, 271 conventional farms

* Of which 749 were accepted to analysis concerning resources. Some questionnaires were incompletely filled, and some

respondents had retired/closed down their enterprise.

Fig. 1. Data collection procedure and response rate.

be utilized in farming, evaluated in scale 1-5,
where | = not at all, 5 = very much.)

There are two limits of the data. As mentioned,
only the data collected in 2006 concerning the use
of resources are used in the analysis presented in
this paper. The 2001 data did not have variables that
could be used in the analysis concerning the resource
use. Second, the focus on diversified farms were
on farms where the turnover of non-farm activity is
relatively significant (over 8 400 Euros). In addition,
some of the respondents had not answered to all
questions. This is why results cannot be generalized
for the whole population of diversified farms as such.
However, it can be assumed that the outcomes that
have come to light during the analysis also exist for
real-life decision-making among the whole population
of diversified farms.

LLU Raksti 21 (315), 2008; 1-10

Results
What Kinds of Resources are Important to
Diversified Farms?

The use of resources and their importance was
measured on different kinds of rural firms. Forsman
(2004) created indicators for critical and base
resources in small rural food-processing firms, and
her results were utilized when this study was designed.
The questions concerning the relative importance
of different resources on the whole industry and
questions on the same resources possessed by the
respondent’s firm or farm were asked ofall respondents
(conventional farms, diversified farms, and non-farm
enterprises). Different resources are important (or
critical) in different industries. As shown in Table 1,
only two variables, technology and networks, were
valued similarly in all three enterprise groups. Farmers
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Table 1
Importance of different resources in different rural enterprises (2006 data)

How important resource Non-farm rural Diversified Conventional Kruskall-Wallis

... is/are in your enterprises farms farms test

industry in general? (n=127) (n=377) (n=245)
Scale 1-3:
; z ?;nggﬁ:tam Mean Mode Mean Mode Mean  Mode scﬂ;lre p
3 = very important
Raw materials 1.80 1 212 3 2.34 3 36.00 0.000
Technology 2.19 2 2.36 2 2.35 2 5.89 0.053
Buildings 1.93 2 2.23 2 2.37 2 28.69  0.000
Capital 2.05 2 2.35 2 2.38 2 19.60  0.000
Labour 2.65 3 2.47 3 2.50 3 8.28 0.016
Products 2.08 2 2.03 2 1.77 2 24.62  0.000
Business skills 2.57 3 2.53 3 2.40 2 11.87  0.003
Firm image 2.73 3 2.53 3 2.17 2 67.13  0.000
Customer relationships 2.87 3 2.70 3 2.35 2 89.12  0.000
Professionalism of
owWners 2.86 3 2.84 3 2.74 3 1272 0.002
Networks 2.35 2 244 3 2.37 2 3.40 0.183
Quality 2.86 3 2.79 3 2.71 3 10.46  0.005
Logistic systems 2.04 2 2.27 2 2.40 2 20.28  0.000
Table 2
Own resources compared to competitors
Own resources Non-farm rural Diversified Conventional Kruskall-
compared to enterprises farms farms Wallis
competitors (n=127) (n=377) (n = 245) test

Scale 1-5:
; z z}ﬁﬁllgfanﬂy weaker Mean Mode Mean Mode Mean Mode sq(fjr;lre p
5 = significantly better
Raw materials 3.05 3 3.16 3 3.08 3 446  0.108
Technology 2.92 3 3.09 3 2.84 3 114  0.565
Buildings 3.00 3 2.98 3 2.92 3 13.36  0.001
Capital 2.96 3 3.22 3 3.17 3 6.70  0.035
Labour 3.38 3 3.29 3 3.17 3 790 0.019
Products 3.10 3 3.09 3 2.833 3 1495 0.001
Business skills 3.25 3 3.27 3 3.14 3 3.90 0.142
Firm image 3.52 3 3.50 3 3.21 3 22.74  0.000
Customer relationships 3.54 3 3.60 3 3.25 3 31.74  0.000
Professionalism of
owners 3.58 3 3.60 3 3.39 3 11.46  0.003
Networks 3.14 3 3.21 3 3.15 3 0.83  0.662
Quality 3.64 3 3.62 3 3.36 3 22.31 0.000
Logistic systems 2.99 3 3.02 3 3.10 3 3.03 0.220
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valued tangible results (raw materials, buildings)
higher than non-farm entrepreneurs did. The latter,
on the other hand, valued intangible things higher,
such as the firm’s image or customer relationships.
Diversified farms were sort of an in-between group,
which is very typical and natural to them, as they
have common characteristics with both groups (see
e.g., Vesala and Peura, 2002; Rantaméki-Lahtinen et
al., 2007).

The respondents were also asked to describe what
was their own situation possessing resources when

they compared their situation with their competitors
(scale 1-5: 1 = significantly weaker, 3 = similar, 5 =
significantly better), i.e., if they did have competitive
advantage in owning that resource. The results are
shown in Table 2. Between enterprise groups, there
were statistically significant differences (p < 0.05)
almost in all variables except for four resources:
control of raw materials, technology, business skills
and networks, and logistics systems. According to
this data, diversified farms were equally successful
or even slightly more successful in possessing

Use ofagriculturalresources to other activities 2006
on Finnish diversifed farms (N=360)

Contacts and networks

Financing source

Know-how

Labour

Buildings, land

Machinery

Raw materials

0 % 20 %

40 %

60 % 80 % 100 %

%

]-1=notat all @2 003 O4 WM5= a Iotl

Fig. 2. The use of agricultural resources to diversification enterprise.

Use of non-farm resources to farming 2006
on Finnish diversifed farms (N=361)

Contacts and networks

Financing source
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Fig. 3. The use of non-farm resources to farming.
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needed resources over non-farm enterprises in most
variables. Thus, it can be concluded that, in general,
diversified farms do have quite a good situation in
possessing general resources to run their farm-firm
complexes.

Use of Agricultural Resources to Other
Entrepreneurial Activities

The use of agricultural resources on non-
agricultural activities was queried in the survey. As
expected, it turned out that most of the diversified
farms use at least some farm resources in their other
activities (Figure 2). The most used resources from
farming were know-how, machinery and labor, and
the least used were raw materials produced on the
farm. The use of joint resources goes also the other
way around. Many farms utilize resources of the
diversification enterprise in their farming (Figure
3), although these resources were slightly less used.
The most used resources of diversification enterprise
utilized in farming were know-how, machinery and
labor, and the least used were raw-materials and
buildings. The project is on-going. The data will
be analyzed by using structural equation model in
order to find out the causal linkages between the use
of resources and the firm success. Special attention
will be paid to knowledge and the learning enterprise
approach will be utilized.

Conclusions

The resource-based theory provides a promising
framework for firm- and resource-level analysis of
farm diversification from farm management studies.
Although the resource-based theory is seldom used
in farm management studies, somewhat similar
ideas and approaches have been used by researchers,
advisers and farmers. For instance, calculating gross
margins for different agricultural products, and then
optimizing the gross margin of the farm, has been
used for decades. Farms and rural areas do have many
specific valuable resources which can be turned into
non-agricultural products and services. In the current
turbulent situation of agricultural markets, these
non-farm products and services in many cases give
better profits in the long run over conventional farm
products.

However, diversification is not an easy option for
a farm. Small diversified firms must compete with
specialized firms. Unless such a firm can efficiently
use joint resources, competing might be difficult,
just as for a specialized firm it is easier to develop
economies of scale.

According to results from Finnish postal survey
data (n= 749) presented in this article, diversified
farms were equally successful or even slightly

more successful in possessing needed resources
than non-farm enterprises and in most cases were
more successful than conventional farms. Thus, it
can be concluded that, in general, diversified farms
do have quite a good situation in possessing general
resources to run their farm-firm complexes and can
compete with more specialized rural firms. Lines
of industries differ in their needs, and this shows
in the results of this study. Conventional farmers
valued tangible results higher than non-farm
entrepreneurs did, and the latter valued intangible
things higher, such as the firm’s image or customer
relationships. Diversified farms were sort of an in-
between group which is very typical and natural
to them as they have common characteristics with
both groups. These findings are in line of other
studies made in the field. Pascotto (2006) found
in diversified Italian farms that a diversification
enterprise makes a high contribution to the total
revenues, even though the greater part of the work
time is spent on agriculture. This is due to the use
of agricultural resources in the diversification
activity, i.e., joint resources. The results of this
article indicate that using joint resources is very
common among diversified farms, and use of joint
resources might enhance their general resources,
although this link needs more elaborating and more
detailed data.

At the moment many joint tangible resources
play a big role in many cases and special attention
should be paid to their use in the short run. However,
according to results presented in this paper, also
intangible resources, such as contacts and networks
and know-how, are very much used jointly in
agriculture and other activities. These findings are
in line with other studies. According to Kujala et
al. (2006), in order to create business growth among
diversified farms, resources which are based on an
innovation environment should be in more effective
use and attention should be paid especially to focusing
on these resources. Similarly, Alsos and Carter
(2006) found that a transfer affects both positively
and negatively the profitability performance of new
ventures, and that the transfer of physical resources
does enhance the performance, but the transfer of
know-how actually hinders the performance of the
new venture.

Although the tangible resources were in much
focus in this study, it can be presumed that in the
future, intangible resources, such as organizational
learning, are becoming more and more important
in many sectors, so in the long run we should
focus on them. Also, according to results of
this survey, diversified farms very commonly
use agricultural resources in their non-farm
business.

LLU Raksti 21 (315), 2008; 1-10
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Lauku saimniecibam pieder daudz veértigu resursu, kurus var izmantot pilnigi jaunu, ar lauksaimniecibu
nesaistttu uznému izveidosana. Raksta mérkis ir analiz&t, ka saimniecibu darbibas profila paplasinasanu var
piclietot uz resursiem balstitas teorijas ictvaros. Atslégas jautajumi ir: kadi resursu veidi ir nozimigi plasa profila
saimniecibas un ka tas var sacensties ar specializ€tiem uznémumiem. Lai gan uz resursiem balstita teorija reti
tiek izmantota saimniecibu vadibas studijas, ta sniedz labu teorétisko pamatu saimniecibu darbibas dazadosana.
Saskana ar aptaujas datiem (n=871), kas 2006. gada tika veikta pa pastu, materialos rezultatus augstak vertgja
somu tradicionalie lauksaimnieki neka ar lauksaimniecibu nesaistitie uznémgji. Turklat pedgjie augsti vertgja
nematerialas lietas, tadas ka firmas t€ls un attiecibas ar klientiem. Plasa profila saimniecibas atradas starp
§Tm abam grupam, tas bija vienlidz veiksmigas vai pat nedaudz veiksmigakas par nelauksaimnieciskajiem
uznémumiem nepiecieSamo resursu apgisanas zina. Var prognozét, ka nakotné daudzos sektoros arvien
nozimigaki klis nematerialie resursi, tadé] uzmaniba jakoncentre uz tiem.
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Dazi kiitsméslu normativu izstrades metodiskie aspekti
Methodological Approach for Development of Manure Reference Values

Aldis Karklin$, Inara Lipenite
LLU Lauksaimniecibas fakultate
Faculty of Agriculture, LLU
e-mail: Aldis.Karklins@Ilu.lv

Abstract. Development of reference values for manure mass balance and NP content calculations has high
priority within the EC considering environmental problems. The objective is to harmonize the calculation
approach and methods within the EC member States necessary for establishment of common environmental
standards and unified risk assessment. Afterwards such reference values are incorporated into the national
legislative acts to set up the framework for control and monitoring of NP loads from farming activities. The
objective of the research was to test the recommended method of EEC for NP excretion by animals using
animal feed norms, typical of Latvia, for calculations. The obtained results for dairy and beef cattle and pigs
show a good agreement between reference values used in other EC countries if NP consumption-excretion
model is applied. Therefore not significant differences between Latvia and other EC countries in terms of

manure standards and animal unit definitions might be realistic.
Key words: N and P in manure, manure normatives, animal units.

Ievads

Lai mazinatu un kontrolétu lauksaimnieciskas
darbibas negativo ietekmi uz vidi, Eiropas Savienibas
(ES) Nitratu direktiva (91/676/EEC) un tai sekojosie
likumdoSanas akti nosaka maksimali pielaujamo ar
ktitsmésliem augsné iestradajamo slapekla daudzumu
un paredz kiitsméslos esosa N un P ieklausanu
kultiiraugu méslosanas planos un bilances aprékinos.
Tas nozimég, ka So divu bioktmiski aktivo elementu
pluismam ar kitsmésliem ir javelta atbilstosa
uzmaniba un tos nevar vienkarsi ignoréet, t.i., nenemt
vera daudzumus, kas nonak katsméslos un ar tiem
— augsné. Aprite nav noslégta, tas laika noverojami
zudumi — emisijas vai nopliides. Tadgjadi lopkopibas
operacijas producg un izplata vide biokimiski aktivus
savienojumus. Cik to veidojas, kada ir to aprite
agroekosistéma un ekosisteéma, kada ir lopkopiba un
augkopiba lietoto tehnologiju nozime, un citi faktori
— tie ir jautajumi, kas rada interesi, lai objektivi
izvertetu lauksaimniecibas slodzi vide.

Slapekla un fosfora daudzuma uzskaite
saimnieciba sarazotajos kiitsmé&slos nav iesp&jama bez
ticamiem, pasreiz€jiem saimniekoSanas apstakliem
atbilstosiem ieglistama kiitsm&slu daudzuma un to
sastava normativiem. Pagaidu kiitsm&slu normativi
(Labas lauksaimniecibas ..., 1999) un precizétie
kitsméslu kimiska sastava raditaji (ZM Rikojums
..., 2005) sniedz informaciju par dazadu dzivnieku
sugu, vecuma un produktivitates grupu gada sarazoto
ktitsme&slu masu atskirigas lopu turéSanas sist€mas, ka

LLU Raksti 21 (315), 2008; 11-23

arT par kiitsméslu sausnas saturu un kimisko sastavu,
kas noteikts kitsmé&sliem p&c to uzglabasanas. Tomér
pastav pamatotas bazas par pasreizgjo (publicéto)
kutsméslu kimiska sastava normativu atbilstibu
realajai situacijai.

Ta ka kiitsm&sli nav homogens materials, praktiski
nav iesp&jams iegiit viendabigu paraugu, kas adekvati
raksturotu baribas elementu saturu to kop&ja masa.
Slapekla saturs kiitsméslos samazinas to uzkrasanas
un uzglabasanas laika, tapéc kitsmeslu paraugu
analizu rezultati netiek uzskatiti par pietickami
reprezentativiem raditajiem. Eiropas Komisija (EK)
Nitratu direktivas ieviesanai Eiropas Savienibas (ES)
valstls 1999. gada ir izstradajusi un rekomendgjusi
vienotumetodologiju dzivnieku izdalitaslapekla (kops
2005. g. arT izdalita fosfora) daudzuma aprékinasanai
(ERM/AB-DLO, 1999; ERM, 2003; Cottrill and
Smith, 2005; Funaki and Parris, 2005; Poulsen et al.,
2006). Metode pamatojas uz bilances principu, kas
nosaka, ka no dzivnieka izdalitais N un P daudzums
ir starpiba starp elementu masu, ko dzivnieks uznpem
ar bartbu un masu, kas tiek izmantota dzivibas
procesu uzturéSanai, dzivmasas palielinasanai, ka
arT pariet attiecigaja lopkopibas produkcija. Lidziga
metodologija kiitsmeslu normativu noteikSanai tiek
izmantota ar1 citviet pasaulé (Powers and Koelsch,
2002; Erickson et al., 2003; Nennich et al., 2005;
Wustenberghs et al., 2008).

Aprekiniem nepiecieSamie dati par slapekla
un fosfora patéripu dzivibas procesu uzturéSanai,
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reprodukcijai un produkcijas veidoSanai dazadam
dzivnieku sugam, vecuma un produktivitates
grupam tiek ieghti daudzveidigos izméginajumos
un ir salidzinosi stabili raditaji (Wilkerson et al.,
1997; Dourmad et al., 1999; Poulsen et al., 1999;
Ferguson et al., 2002; ERM, 2003). Izdalita slapekla
normativs ir paredzets dzivnieku vienibu defingSanai
katrai dzivnieku sugai un to vecuma grupam, ka
arT kopgja pielaujama dzivnieku skaita (dzivnieku
blivuma) noteikSanai saimniecibas. P&dgja laika So
aprékinu principu izmanto, lai mérktiecigi korigétu
ar dzivnieku baribas devam izdalita slapekla un
fosfora samazinaSanu kiitsméslos (Dou et al., 2002;
O’Connell et al., 2006).

Latvija kiitsm&slu normativu izstrade péc minétas
metodes pagaidam nav veikta, jo praktiski vairuma
saimniecibu, it seviski nelielas, nav apkopoti dati
par reali izlietotiem dzivnieku baribas lidzekliem un
to devam. P&tljuma meérkis bija parbaudit Eiropas
Savieniba ieteiktas metodikas (turpmak teksta — EEC
metodika) izmantoSanas iespgjas jaunu kitsméeslu
normativu izstradei, balstoties uz iesp&jamo dzivnieku
€dinasanai rekomend€to baribas lidzeklu devu
variantiem, ka arT vertét Latvija pienemto dzivnieku
vienibu aprékina atbilstibu ES standartiem.

Materiali un metodes

Dzivnieku izdalita slapekla un fosfora daudzuma
noteikSana veikta atbilstosi EEC metodikai (ERM/
AB-DLO, 1999; Cottrill and Smith, 2005; Standard
values ..., 1998), par pamatu nemot Latvija dzivnieku
&dinasanai rekomendg&tos lopbaribas sausnas, proteina
un fosfora vajadzibas normativus (Ositis, 1998;
Latvietis, 1977). AtbilstoSi metodikai kiitsmeslu
slapekla un fosfora normativu p&c dzivniekiem

izbarotas lopbaribas daudzuma un sastava nosaka,
balstoties uz sakaribu:

NPk :NPb—NP -NP_
pr z
kur

NP, — slapekla un fosfora masa kiitsmeslos
pec to uzglabasanas, kg uz dzivnieku
vai dzivnieka vietu gada;

NP, — slapekla un fosfora masa dzivniekiem
izbarotaja lopbariba, kg uz dzivnieku
gada;

NPpr — slapekla un fosfora masa, kas pariet
dzivniekos un to sarazotaja produkcija,
kg uz dzivnieku gada;

NP_ — slapekla un fosfora zudumi katsméslu
ieguves, uzkraSanas un uzglabasanas
laika, % no izdalita daudzuma.

Dzivnieka izdalita slapekla un fosfora masu NP,
nosaka péc starpibas starp to daudzumiem izbarotaja
lopbariba NP, un saraZotaja produkcija NPpr:

NP, = NP, —NP_.
Pétjuma dzivnieku vecuma grupas un
produktivitates parametri izvel&ti atbilstoSi to

iedalfjumam eso$ajos kiitsmeslu normativos, ka ar1
nemot veéra pieejamos datus par baribas vajadzibu.
Slapekla un fosfora daudzumu, kas tiek izmantots
dzivmasas un produkcijas veidoSanai, nosaka pec
dzivmasas pieauguma, sarazotas produkcijas apjoma
un N un P satura attiecigas dzivnieku sugas vai grupas
dzivmasa un produkcija. Aprekinos izmantotie
slapekla un fosfora satura raditaji dzivnieku dzivmasa
un produkcija apkopoti 1. tabula.

1. tabula / Table 1

Dazi slapekla un fosfora satura normativi dzivmasas pieaugumam un produkcijai
(péc ERM/AB-DLO, 1999; ERM, 2003; Cottrill and Smith, 2005)
N and P normatives for the production of live weight and animal products

Dzivnieku grupa /
Category of animals

Parametrs / Parameter

N saturs, % /
N content, %

P saturs, g kg /
P content, g kg

B ) dzivmasas pieauguma / in gain 2.5 7.5
Slaucamas govis / icgitaja tela / in calf 2.9 6.0
Dairy cows —

piena / in milk 0.53 1.05

Nobarojamie jaunlopi / - . .
Growing cattle dzivmasas pieauguma / in gain 2.7 7.5
NObarf)J amas cukas / dzivmasas pieauguma / in gain 2.5 6.0
Fattening pigs

dzivmasas picauguma ciikai / in 25 33
Sivénmates / Sows gain for sow ] '

dzivmasa sivéniem / in piglets 2.5 7.0
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Aprekinu pieméra izmantotie organiskas masas,
slapekla, fosfora un kalija zudumi, kas var rasties
kiitsméslu savakSanas—glabasanas laika, ir nemti
no literatdras: Environmental Impacts ..., 1991.
Saja publikacija fosfora un kalija saturs ir izteikts
atbilstosu elementu P un K veida.

Rezultati un diskusija

Izdalttaslapeklaun fosforadaudzumislaucamajam
govim atkariba no to dzivmasas un sarazota piena
daudzuma ir apkopoti 2. tabula. P&tfjuma iegitie
dati rada, ka Latvija dzivnieku &dinaSanai paredzgetie
baribas sausnas normativi ir nedaudz augstaki, neka
to paredz EC metodika ietvertais aprékina modelis,
kas izveidots, balstoties uz Danija, Holand€ un Vacija
veikto pétjumu datiem (ERM/AB-DLO, 1999;
ERM, 2003). Govim ar dzivmasu no 425 lidz 650 kg
un izslaukumu no 5000 lidz 7000 kg nepiecieSamais
sausnas apjoms minétajas valstTs noteikts intervala no
4280 l1dz 5945 kg lopbaribas sausnas gada, paredzot
0.5 kg sausnas 1 kg piena sarazoSanai, bet par€jo
daudzumu — dzivmasas un tela veidoSanai. Vidgjais

slapekla saturs lopbariba, ko aprekinajam péc
kopproteina vajadzibas, miisu aprékinos svarstijas no
2.16 Iidz 2.47% un bija salidzinosi zemaks par EC
normativu — 2.8% N.

Latvijas baribas normativos paredzéta fosfora
vajadziba slaucamajam govim ir 3.2-3.8 g kg* P,
kas arT bija zemaka par literatlira sastopamajiem
datiem — 3.8-4.8 g kg* P (Dou et al., 2002; Cottrill
and Smith, 2005). Izmantojot 1. tabulas datus, tika
aprékinata ieglitaja piena, tela un govs dzivmasas
pieauguma akumuléta slapekla un fosfora masa. No
kopgja uznemta So elementu daudzuma izmantoSanas
veidoja aptuveni 23% N un 33% P, turklat lielaka
dala uzkrajas piena. Péc baribas vajadzibas noteiktais
izdalita slapekla daudzums govim ar izslaukumu
5000 kg piena gada bija 90-97 kg N, bet ar
izslaukumu 7000 kg — 107129 kg N uz 1 dzivnieku
gada. legitie rezultati saméra labi sakrit ar vairakas
ES valstis noteiktajiem vidgjiem raditajiem (Cottrill
and Smith, 2005), ka arT ar EC normativu (ERM,
2003), kas Iidzigas produktivitates slaucamo govju
grupam ir attiecigi 92 un 127-128 kg N gada. Péc

2. tabula / Table 2

Baribas vajadziba® un izdalita slipekla un fosfora daudzums slaucamajam govim
Feed requirement and NP excreted by milking cows

Raditajs / Parameter

Vertibas / Values

Dzivmasa, kg / Live weight, kg 400 500 600
Izslaukums, kg / Milk production, kg 5000 7000 5000 7000 5000 7000
Barlbas vajadziba, kg sau_slnas gada / Feed 5031 5813 5209 6081 5712 7008
requirement, kg DM year
N bariba (p&c kopproteina vajadzibas),
% / Feed N content, % (crude protein 2.32 2.47 2.23 2.39 2.16 2.37
requirement)
- . o
P bariba (pec P vajadzibas), % / Feed P 035 038 034 038 032  0.36
content, %
SLAPEKLIS, kg dzivn.* gada / NITROGEN, kg animal* year
N, uznemts ar baribu / Feed N intake 117 144 116 145 123 166
N,.akumuléts dzivmasa un produkeija / N in 97 37 26 36 2 37
gain and produce
N, izdalits / N excretion 90 107 90 109 97 129
FOSFORS, kg dzivn.* gada / PHOSPHORUS, kg animal* year?
P, uznemts ar baribu / Feed P intake 18 22 18 23 18 25
P, ?kumuléts dzivmasa un produkcija / P in 6 3 6 3 5 7
gain and produce
P, izdalits / P excretion 12 14 12 15 13 18
! Osttis, U. (1998) Baribas lidzek]u novértésana atgremotdju édindsanda. Jelgava, 38 lpp.
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Latvija izstradatajiem baribas un fosfora vajadzibas
normativiem aprékinatais dzivnieka izdalitais fosfora
daudzums atkariba no govju produktivitates bija
12-18 kg P gada. Tas praktiski neatskiras no citviet
iegiitajiem datiem: Vacija un Sveicg — 17, Holandg
—17.9, Zviedrija — 15, Trija — 13 kg P no slaucamas
govs gada (Cottrill and Smith, 2005).

Atskirtba no slaucamam govim izdalita slapekla
un fosfora daudzuma aprekins nobarojamiem
jaunlopiem un telém ir vienkarSaks, jo &dinaSanai
lietotajos baribas lidzeklos esoSie NP krajumi tiek
izmantoti tikai dzZTvmasas pieauguma veidoSanai. No
dzivnieka gada laika izdalttais So elementu daudzums
tiek diferencéts péc dzivnieku vecuma grupam ar
atSkirigu baribas vajadzibu un sastavu, pemot veéra
dzivmasas izmainas. P&c EC datiem jaunlopiem
vecuma lidz 1 gadam normativais sausnas paterins ir
1400 kg (telitem) un 1700 kg (bulliSiem), 1-2 gadu
vecuma — attiecigi 2600 kg un 2700 kg ar slapekla
saturu no 2.0 11dz 3.4%.

3. tabula apkopoti dati par jaunlopu ar baribu
patéréta, izmantotd un izdalita slapekla un fosfora
daudzumu atbilstosi normativajam baribas patérinam
Latvija. Ta ka aprekiniem izmantotajos baribas
vajadzibas normativos noteikta dztvmasas pieauguma
nodroS§inasanai nepiecieSamais sausnas, kopproteina
un fosfora daudzums atskiras pa vecuma periodiem,
tika noteikts aptuvens vidgjais baribas paterin$ un

NP saturs taja. leglitie orientgjosie rezultati uzrada
nedaudz paaugstinatu baribas sausnas vajadzibu
(Tpasi telem), bet zemaku slapekla saturu. Izdalitais
slapekla daudzums 39 kg N telem un 45 kg N gada 1-2
gadus veciem nobarojamiem jaunlopiem labi sakrit ar
Danijas, Francijas, Sveices un Vacijas datiem, bet ir
mazaks neka Holande (69.2 kg N) un Austrija (52.6
kg N). Péc fosfora vajadzibas noteiktais izdalita
fosfora daudzums, kas bija 89 kg P gada, lidzinas
Holandes datiem, bet ir par 23 kg lielaks neka citas
iepriekSmingtajas valstis (Cottrill and Smith, 2005).

Izdalita slapekla un fosfora aprekinu rezultati
nobarojamam ctkam un sivénmatém ar sivéniem
paraditi 4. tabula. Stm dzivnieku grupam aprekins
nedaudz atskiras, jo nobarojamam ctkam janem
vera nobaroSanas ciklu skaits gada, bet sivénmatém
— baribas vajadziba gan cikai, gan sivéniem, ka
arT slapekla un fosfora izmantoSanas dzivmasas
picaugumam gan ciikai, gan arT sivéniem.

P&c baribas sausnas, kopproteina un fosfora
vajadzibas normativiem, kas paredz&ti ctukam
nobarosanai no 20 Iidz 130 kg, noteikts aptuvens
vidgjais baribas sausnas patérins§ — 340 kg uz
dzivnieku vai, rékinot uz 2.2 nobaroSanas cikliem,
748 kg uz dzivnieka vietu gada, vidgjais slapekla
saturs bariba — 2.86%, fosfora saturs — 0.66%.
Aprekinatais nobarojamo ciku izdalita slapekla
un fosfora daudzums veidoja 15 kg N un 3.3 kg P

3. tabula / Table 3

Baribas vajadziba® un izdalita slapekla un fosfora daudzums nobarojamiem jaunlopiem un telem
Feed requirement and NP excreted by young stock

Nobarojamie jaunlopi / Teles (6—24 men.) /

Raditajs / Parameter Beef cattle Heifers (6—24 months)
(150450 kg)
N bariba (péc kopproteina vajadzibas), % / Feed
N content, % 191 1.56
P bariba (p&c P vajadzibas), % /
Feed P cc()l;ltent, %J ) 0.39 0.38
SLAPEKLIS, kg dzivn." gada / NITROGEN, kg animal™ year*
N, uznemts ar baribu / Feed N intake 53 44
N dzivmasas pieauguma / N in gain 8 5
N, izdalits / N excretion 45 39
FOSFORS, kg dzivn.? gada / PHOSPHORUS, kg animal* year?
P, uznemts ar baribu / Feed P intake 11 10
P dzivmasas picauguma / P in gain 2 2

P, izdalits / P excretion

2 Latvietis J. (sast.) (1977) Dzivnieku édinasanas normativi un baribas sastavs. Riga, Liesma, 49.-51. Ipp.
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4. tabula / Table 4

Baribas vajadziba® un izdalita slapekla un fosfora daudzums nobarojamam ciikam un sivénmatém
Feed requirement and NP excreted by pigs

Nobarojamas ciikas / Sivénmates (ar 18

s Fattening pigs sivéniem lidz 20 kg) /
Radugjs / Parameter (20 - 130 kg) Sows (with 18 piglets
up to 20 kg)
Baribas vajadziba, kg sausnas gada /
Feed requirement, kg DM year! 748 1360
N bariba (p&c kopproteina vajadzibas), % /
Feed N content, % 2.86 259
A - 5
P bariba (p&c P vajadzibas), % / 0.66 051

Feed P content, %

SLAPEKLIS, kg dzivn." gada / NITROGEN, kg animal™! year!

N, uznemts ar baribu / Feed N intake 10 47
N, akumuléts dzivmasa / N in gain 10
N, izdalits / N excretion 7 -
N, izdalits, kg uz dzivn. vietu gada / 15 37

N excretion, kg per animal place per year

FOSFORS, kg dzivn.* gada / PHOSPHORUS, kg animal™* year*

P, uznemts ar baribu / Feed P intake 2.2 11
P, akumuléts dzivmasa / P in gain 0.75 3
P, izdalits / P excretion 1.5 -
P, izdalits, kg uz dzivn. vietu gada / 33 3

P excretion, kg per animal place per year

uz dzivnieka vietu gada. Salidzinajumam: péc EK
normativiem vidgjais baribas sausnas paterins uz
dzivnieka vietu gada (nobarojot no 25 Iidz 105 kg) ir
apméram 700 kg ar 2.8% slapekla un 0.44% fosfora,
bet izdalita slapekla daudzums — vidgji 13.5 kg gada.
Dati par izdalita fosfora daudzumu nobarojamam
cikam vairakas ES valstis vari€ no 2.6 Iidz 3.3 kg
uz dzivnieka vietu (ERM, 2003; Cottrill and Smith,
2005).

Veicot izdalita slapekla un fosfora aprékinus
sivénmatém, nebija pieejami dati par sivénu baribas
sausnas vajadzibu un sastavu, tapec izmantoti
ieprickSmingtajas  publikacijas  dotie  raditaji.
Noteiktais izdalita slapekla daudzums uz dzivnieka
vietu gada bija 37 kg, kas ir nedaudz vairak par
vidgjiem raditajiem ES wvalstis (21-32 kg N), bet
izdalita fosfora daudzums bija 8 kg, salidzinot ar
6-10 kg P citas valstis (Poulsen et al., 1999; Cottrill
and Smith, 2005).

P&c baribas sausnas, kopprotena un fosfora
vajadzibas noteiktie dazadu dzivnicku grupu
dzivnieku izdalita slapekla un fosfora daudzumi,

veicot aprékinus péc EC rekomend&tam metodem,
praktiski neatskiras no vidgjiem raditajiem citas
ES valstts. Minétas aprékinu metodes ir pietiekami
vienkarSas, lai tas varétu izmantot kutsmeslu
normativu izstrade. Toméer, nosakot izdalita slapekla
un fosfora normativu péc paterétas lopbaribas, bitiski
ir zinat dzivnieku izmantotos baribas lidzeklus, t.i.,
daudzumu un kimisko sastavu.

Saimniecibas atkariba no dzivnieku &dinasanas
tipa, izmantotajiem baribas Iidzekliem un devam
arT izdalitais slapekla un fosfora daudzums varétu
bt visai atskirTgs. Lai par to parliecinatos, tika
veikti aprékini dazadiem dzivnieku baribas devu
variantiem, izmantojot dzivniekiem nepiecieSamos
baribas lidzeklus un to daudzuma rekomendacijas,
ka ari izveéleto baribas lidzeklu kimiska sastava
raditajus  (Latvietis, 1999; Ositis u.c., 2000).
legiitie orientgjoSie rezultati paradija, ka, lietojot
rekomendétas baribas Iidzeklu normas, praktiski
visos gadijumos lopbaribas sausnas paterin$ bija
augstaks par vajadzibu, tapec iegttie izdalita slapekla
daudzumi parsniedza normativos lielumus. Ta,

3 Latvietis J. (sast.) (1977) Dzivnieku édindsanas normativi un baribas sastavs. Riga, Liesma, 49.-51. Ipp.
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slaucamam govim ar izslaukumu 5000 kg un 7000 kg
atkariba no izveletajiem baribas Iidzekliem izdalita
slapekla daudzums bija attiecigi 127-149 kg un
151-185 kg gada, nobarojamiem jaunlopiem — 58—
85 kg gada, nobarojamam ctkam — 17-35 kg N uz
dzivnieka vietu gada. Lai noteiktu faktisko Latvijas
saimniecibas dazadu dzivnieku sugu, produktivitates
un vecuma grupu gada izdalita slapekla un fosfora
normativu, ir nepiecieSams veikt regularu, pilnigu
dzivnieku &dinasanai izmantotas lopbaribas uzskaiti
saimniecibas un noteikt lopbaribas ktmisko sastavu.

Kiatsmeslu normativu noteikSana p&c iz€dinatas
lopbaribas neaprobezojas tikai ar dzivnieku izdalita
slapekla un fosfora daudzuma aprékinu. Galvenais
normativais raditajs, kuru izmanto prakse, ir no
dzivnieka gada iegiitais slapekla un fosfora daudzums
kiitsméslos, ko izmanto kultiraugu mesloSanai,
t.i., kitsmeslu masa un kimiskais sastavs péc to
uzglabasanas. Lai to noteiktu, papildus ir jazina
kiitsméslu ieguves laika izmantoto pakaisu daudzums
un sastavs, sarazoto kiitsméslu apjoms dazadas
dzivnieku tur€Sanas sistémas saimnieciba, ka arl
slapekla un fosfora masas zudumi no kiitsmésliem
to ieguves, uzkra$anas un uzglabasanas laika. So
lielumu noteikSanai ar7 ir vajadzigi specifiski (un
objektivi) normativie lielumi, izlietoto materialu
(pakaisi) uzskaite un atbilstosi aprékini.

Nemot véra to, ka uzkrato kiitsméslu daudzuma
un kimiska sastava uzskaite Latvija ir jau saistoSa
cetru rajonu (Rigas, Jelgavas, Dobeles un Bauskas)

saimniecibam, kas atrodas Latvija noteiktajas
oIpadi jiitigajas” teritorijas, tad %adu aprekinu
veikSanai  nepiecieSams  praktiski  realiz&jams
modelis. Piedavajam aprékinu secibu, kuru viegli
var ieprogrammé MS-EXCEL darba burtnica. Tad,
izmantojot saimniecibas lopbaribas un pakaisu
patérina datus, var noteikt gan uzkrajamo kiitsméslu
masu, gan ar1 to iesp&jamo ktmisko sastavu, t.i., datus,
kas nepiecieSami mésloSanas planosana, ka arT vides
risku izvertéSana. Aprekina funkcionala iespgjamiba
tick demonstréta ar datiem, kas iegfiti no reali
eksistgjosas saimniecibas, un tie var neatspogulot
zinatniski rekomend&to vai arT tipisko (Latvijai
vidgjo) situaciju, tacu pienemsim, ka absoliitajiem
lielumiem $aja gadijuma nav biitiskas nozimes.

5. tabula redzami vienas slaucamas govs, kuras
dzivmasa ir 600 kg un izslaukums 6500 kg gada,
edinasanai izmantotie baribas lidzekli, kuru kimiska
sastava dati ir pemti no Latvija publicétajiem
normativiem (Latvietis, 1977; Latvietis, 1999; Ositis
u.c. 2000). Saja pieméra tiek pienemts, ka govis
ganibas uzturas samera slaicigi un zales zalmasa tiek
plauta un piegadata majdzivniekiem novietné.

Dzivnieku mitné lietoto pakaiSu masa un to
kimiskais sastavs, rékinot uz vienu slaucamo govi, ir
paradits 6. tabula.

Aprekina seciba, izmantojot 5. un 6. tabula dotos
izejas datus un literatiira atrodamos normativus, ir
apkopota 7. tabula. Normativos lielumus aprékinu
gaita ir iesp&jams mainit, ja ir pieejami dati, kas

5. tabula / Table 5

Lopbaribas patérins vienas slaucamas govs édinasanai gada
Feed consumption per one milking cow per year

Sastavs, dabiski mitrs, % /

en _
~ = Composition, natural moisture Paterets,. ke/
o content. % Consumption, kg
Baribas Iidzekli / 4B :
Feed :«%: : sausna / sausna /
& é dry matter P K dry N P K
o y matter
Ganibu zale / Pasture
grass 10 400 16.16 044 0.05 031 16806 458 52 322
Siens / Hay 900 80.28 0.82 031 040 7225 7.4 2.8 3.6
Skabbariba / Silage 11250 2069 042 0.08 042 23276 473 9.0 473
Placinati graudi
(miezi+kviesi+auzas) /
Rolled grain
(barley+wheat+oats) 2190 8823 226 024 049 19322 495 53 107
Sojas, rapsa rausi /
Soybean, rape cake 1094 87.00 6.40 097 142 9521 70.0 106 155
Kopa / Total X X X X X 76152 2199 329 1094
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6. tabula / Table 6

Izlietotais pakaiSu materials gada
Litter per one milking cow per year

Sastavs, dabiski mitrs, % /
Composition, natural moisture
content, %

Pakaisi,
kompost&jamais

Pateréts, kg /
Consumption, kg

materials /

Patéréts, kg /
Consumption,
g

Litter, composting sausna/
additives dry N P K sausna/ N P K
matter dry matter
Zagu skaidas /
Saw dust 1500 70 0.04 0.01 0.03 1050 0.6 0.2 0.5
Kopa / Total X X X x x 1050 0.6 0.2 05

saimniecibas situaciju raksturo objektivak. Tacu
aprékina logika saglabajas.

Kutsmeslu sastava aprékina rezultatus butiski
var ietekm@t zudumu vertibas, kadas tiek pienemtas
attieciba uz tiem slapekla savienojumiem (dalgji
arT fosfora un kalija), kas emité vai izskalojas (ja
ktitsméesli tiek uzkrati kaudzes bez idensnecaurlaidiga
pamata) no izdalfjumiem (ekskrementiem, urina) un
kiitsmésliem novietngs un uzglabasanas vietas. So
zudumu skaitliskas veértibas var variét plasas robezas
atkartba no majdzivnieku novietnés lietotajam
tehnologijam un kutsméslu uzkrasanas-uzglabasanas
apstakliem. Latvija tie§i meérjjumi Iidz Sim nav
veikti, tapéc aprékina tiek izmantoti Danija iegitie
raditaji (Standard values ..., 1998). Apzinati tiek
pienemtas vertibu augstakas robezas, apzinoties, ka
tehnologiskais Iimenis lopkopiba (dzivnieku novietnu
aprikojums méslu izvaksana, ventilacijas sistémas,
kiitsméslu glabatavas) Latvija vidgji ir zemaks,
salidzinot ar Daniju. Tacu, ja ir objektivi iemesli, So
zudumu skaitliskas vertibas var izvéleties zemakas.

Apkopojot aprékina piemera iegiitos datus, varam
teikt, ka pie minétajiem nosacijumiem gada laika no
slaucamas govs var iegit 15 tonnas pakaisu kiitsmeslu
(pec to uzglabasanas, gatavus pielietosanai ka
organisko méslojumu), kuri dabiski mitra veida satur
0.46% slapekla, 0.12% fosfora (0.27%, ja izsaka P,O,
veida) un 0.45% kalija (0.54%, ja izsaka K,O veida).

Rezultati par izdalito un kitsméslos uzkrato
slapekla un fosfora daudzumu, kas noteikti p&c
piedavata aprékinu modela un EEC metodikas, ir
lidzigi. Ta, piem&ram, kiitsmé&slos p&c uzglabasanas
uzkratais slapekla daudzums, kas noteikts péc EEC
metodikas, ir 117 kg no govs gada (tapat ka 7. tabula
pienemot, ka slapekla zudumi ir 40%). Tas raksturo
kop&jo gan kratuvé, gan arT ganibas nonakuso
slapekla daudzumu. Atrékinot slapekla daudzumu,
kas izdalits, dzivniekiem atrodoties arpus novietnes,
iegiistam ta kratuve uzkrato masu — 79 kg N, kas tikai
par 10 kg parsniedz 7. tabula 2.13. punkta noteikto

LLU Raksti 21 (315), 2008; 11-23

raditaju — 69 kg N. Dati par iegiitajos kiitsmeslos
uzkrato fosfora masu ir vel tuvaki, attiecigi 18.8 un
18.4 kg P. Tadgjadi piedavata metodika dod iesp€ju
noteikt gan dzivnieku izdalito NPK daudzumu, gan
arT kratuve esoSo kiitsm&slu masu un taja akumul&to
augu baribas elementu daudzumu, ko iesp&jams
izmantot kultiiraugu méslosanai.

Iegtitos rezultatus var izmantot dzivnieku vienibu
(DV) defingsanai, ka arT pielaujama dzivnieku skaita
(dztvnieku blivuma) noteikSanai saimniecibas,
ko reglamenteé ES Nitratu direktiva. Dzivnieku
vienibas jédziens ES wvalstls nav vienots. Atkariba
no pielietoSanas mérka to nosaka gan péc dzivnieku
dzivmasas, gan baribas vajadzibas, gan dzivnieka
izdalito Dbaribas elementu daudzuma. Latvija
(Grozijumi ...., 2007) dzivnieku vieniba ir nosacits
dzivnieks, no kura gada laika kutsméslos uzkrajas
100 kg N, rekinot tikai to dalu, kas nonak ktitsméslu
kratuve. Netiek nemti veéra izdalfjumi ganibas un
pastaigu laukumos, ka arT tie zudumi (emisija,
iespgjama izskaloSanas, ja kratuves nav hermétiskas),
kas rodas dzivnieku novietn&s un kiitsméslu kratuves
uzglabasanas laika. P&c dotajiem normativiem,
piem@ram, 1 slaucama govs atbilst 0.7 dzivnieku
vienibam. L1dzigu rezultatu uzrada ar1 7. tabula veikto
aprekinu rezultati, kur slapekla daudzums ktitsmeslos
pec to uzglabasanas ir 69 kg uz 1 slaucamo govi, kas
atbilst 0.69 DV.

Tomér sada pieeja neatspogulo visu slapekla
daudzumu, kas no dzivnieka nonak uz 1 ha LIZ,
ka to nosaka ES Nitratu Direktivas III pielikuma 2.
punkts, kur originalvaloda ir teikts: ,, These measures
will ensure that, for each farm or livestock unit, the
amount of livestock manure applied to land each
year, including by the animals themselves, shall
not exceed a specific amount per hectare” (Council
Directive ..., 1991). LatvieSu valoda veiktais
neprecizais tulkojums: ,, Sie pasakumi nodrosina, ka
zemé iestradato kiitsmeslu daudzums gada attieciba
uz katru lauku saimniecibas vai ganampulka vienibu,
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7. tabula / Table 7
Aprékina piemérs, uz vienu slaucamo govi gada

Example of calculation, per one milking cow per year

S8 £=
S 5 Raditaji / Variables w8 Piezimes / Notes
ZL =
<
A Govs dzivmasa, kg / Live weight, kg 600
B Izslaukums gada, kg / Milk yield, kg 6500
1.1.  Patéréta lopbaribas sausna, kg / 7615  Kopgjais daudzums gada (5. tab) / Total
DM* consumed, kg per year (see Table 5)
1.2.  Sausnas izmantoSanas koeficients, % / 71 Vidgjs raditajs, barojot kiitt un ganibas
DM digestion rate, % (Standard values ..., 1998) / Average per
grazing and in-barn period
1.3.  Sausna ekskrementos, kg / 2208  Sausnas masa ekskrementos gada (1.1. x
DM in faeces, kg 0.71) / DM in feaces per year
1.4.  Ekskrementu masa, kg / 14 723  Ekskrementi, dabiski mitri (15% sausnas)
Amount of faeces, kg gada, kg / Faeces, natural moist (15% of
DM), per year, kg
Pienemot, ka urins ir 45% no
1.5.  Urina masa, kg / Amount of urine, kg 6692  ekskrementu masas (Standard values ...,
1998) / Assuming urine makes up 45% of
faeces
1.6.  Sausnas saturs urina, % / DM in urine, % 5.0 Vidgjais raditajs, no literattiras / Average
data from the literature
1.7.  Sausna izdalijumos (ekskrementi+urins), 2543  Sausna, kas nonak kiitsméslos / DM,
kg / DM ex animal (faeces+urine), kg excreted
Dzivnieki arpus novietnes (ganibas,
pastaigas); Saja gadijuma Tslaicigi, jo art
1.8.  Dienas, ko dzivnieki pavada arpus 91 vasara zalmasa tiek piegadata novietné /
novietnes / Out-of-barn days Cows out of barn; in this case, for a short
period, because barns are supplied with
green forage also in summer
1.9.  Sausna, kas paliek ganibas, kg / DM left 636 Sausna izdalfjumos ganiSanas (pastaigu)
out of barn, kg laika / DM excreted out of barn
PakaiSos un kompostgjama materiala (6.
1.10.  Sausna pakaiSos, kg / DM in litter, kg 1050  tab.)/ In litter and composting material
(see Table 6)
1.11.  Sausnas zudumi, uzglabajot kratuve, % / 15 Zudumi uzglabasanas laika méslu
DM losses during storage, % kratuve / Losses in storage pit
1.12. Sausna kiitsméslos péc uzglabasanas, 2514  Kopgjais daudzums gada / Total per year
kg / DM in manure ex storage, kg
1.13. Sausna kiitsméslos péc uzglabasanas, 166 Kitsmeslu sastavs, kg uz tonnu dabiski
kg t'/ DM in manure ex storage, kg t! mitru méslu / kg of DM per ton of manure
2.1.  Slapeklis lopbariba, kg / N in feed, kg 219.9 Kopgjais daudzums gada (5. tab.) / Total

per year (see Table 5)

‘DM - dry matter.
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7. tabulas turpinajums 1 / Table 7 continued (1)

2.2. N organisma uzturé$anai, kg / 1.0 Vidgjais raditajs, no literatiiras (Standard
N in gain, kg values ..., 1998) / Average data from the
literature
Vidgjais raditajs, no literatiiras (Standard
2.3.  Ntela embrija, kg / N in embryo, kg 0.7 values ..., 1998) / Average data from the
literature
2.4.  Proteina saturs piena, % / Milk protein, % 6.38  Vidgjais saturs gada / Average per year
2.5.  Proteina kopievakums, kg / 415 Proteins piena gada laika / Total amount
Protein yield, kg per year
2.6. N saturs piena proteina, kg / 66.4  Aprekinats, pienemot, ka proteins satur
N in protein, kg 6.25% N/ Calculated from milk protein
2.7. N izdalfjumos (urins+tvirtie ekskrementi), 151.8 N, kas tiek izdaliti no dzivnieka (2.1.—
kg / N ex animal (faeces+urine), kg 2.2.-2.3.-2.6.) I N excreted
2.8. N zudumi dzivnieku novietng, % / 15 Kopgjs visa veida zudumiem, apzinati
In-barn N losses, % augsts raditajs / Totaling all losses;
deliberately high value
2.9. N, kas palick ganibas, kg / N excreted out 38.0  Aprekins, nemot v&ra ganisanas
of barn, kg (pastaigu) laiku / N excreted out of barn
2.10. N, kas nonak méslu kratuve, kg / 91.1  Teorétiski iespgjamais / Theoretically
N input in manure storage, kg feasible
2.11. N zudumi méslu uzglabasanas laika, % / 25 Vidgji, visa veida zudumiem, apzinati
N losses during storage, % augsts raditajs / Average, all losses;
deliberately high value
2.12. N pievienots ar pakaiSiem, kg / N added 0.6 PakaiSos un kompost&jama materiala (6.
with litter, % tab.) / In litter and composting material
(see Table 6)
2.13. N kiitsméslos péc uzglabasanas, kg / 69 Kopgjais daudzums, atnemot visa veida
N in manure ex storage, kg zudumus / Total per year, subtracting all
kinds of losses
2.14. N kiitsméslos péc uzglabasanas, kg t'/ 4.6 Kitsmeslu sastavs, kg uz tonnu dabiski
N in manure ex storage, kg t* mitru mé&slu / kg of N per ton of manure
3.1.  Fosfors lopbariba, kg / P in feed, kg 32.9  Kopgjais daudzums gada (5. tab.) / Total
per year (see Table 5)
Vidgjais raditajs, no literatiiras (Standard
3.2. P organisma uzturéSanai, kg / P in gain, kg 0.13  wvalues ..., 1998) / Average data from the
literature
Vidgjais raditajs, no literatiiras (Standard
3.3.  Ptela embrija, kg / P in embryo, kg 0.09  wvalues ..., 1998) / Average data from the
literature
3.4.  Fosfora saturs piena, % / P in milk, % 0.1 Vidgjais saturs gada (Standard values ...,
1998) / Average per year
3.5.  Fosfora kopievakums, kg / 6.5 Fosfors piena gada laika / Total amount
P in milk, total, kg per year
3.6.  Pizdalijumos (urins+tvirtie ekskrementi), 26.2 P, kas tiek izdalits no dzivnieka (3.1-3.2—
kg / P ex animal (faeces+urine), kg 3.3-3.5) / P excreted
3.7. P zudumi dzivnieku novietng, % / 2.0 Vidgjais raditajs, no literattras /
In-barn P losses, % Average data from the literature
3.8. P, kas paliek ganibas, kg / P excreted out 6.5 Aprékins, nemot véra ganiSanas laiku /

of barn, kg

Estimate based on out-of-barn days
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7. tabulas turpinajums 2 / Table 7 continued (2)

3.9. P, kas nonak méslu kratuve, kg / P input in 19.1  Teorgtiski iesp&jamais / Theoretically
manure storage, kg feasible
3.10. P zudumi meslu uzglabasanas laika, % / 5.0 Vidgji, visa veida zudumiem / Average,
P losses during storage, % all losses
3.11. P pievienots ar pakaiSiem, kg / 0.2 PakaiSos un kompostéjama materiala (6.
P added with litter, kg tab.) / In litter and composting material
(see Table 6)
3.12. P kiaitsmeslos péc uzglabasanas, kg / 18.4  Kopgjais daudzums, atnemot visa veida
P in manure ex storage, kg zudumus / Total per year, subtracting all
kinds of losses
3.13. P kiatsmeéslos péc uzglabasanas, kg t!/ 1.2 Kutsmeslu sastavs, kg uz tonnu dabiski
P in manure ex storage, kg t! mitru méslu / kg of P per ton of manure
4.1. Kalijs lopbariba, kg / K in feed, kg 109.4  Kopgjais daudzums gada (5. tab.) / Total
per year (see Table 5)
4.2. K organisma uzturéSanai, kg / 0.21  Vidgjais raditajs no literatiiras (Standard
K in gain, kg values ..., 1998) / Average data from the
literature
Vidgjais raditajs no literatiiras (Standard
4.3. K tela embrija, kg / K in embryo, kg 0.2 values ..., 1998) / Average data from the
literature
4.4. Kalija saturs piena, % / K in milk, % 0.13  Vidgjais saturs gada (Standard values ...,
1998) / Average per year
4.5.  Kalija kopievakums, kg / 8.5 Kalijs piena gada laika / Total amount
K in milk, total, kg per year
4.6. K izdalfjumos (urins+tvirtie ekskrementi), 100.5 K, kas tiek izdalits no dzivnieka (4.1.—
kg / K ex animal (faeces+turine), kg 4.2.-4.3.-4.5)) /K excreted
4.7. K zudumi dzivnieku novietng, % / 3.0 Vidgjais raditajs, no literatiiras / Average
In-barn K losses, % data from the literature
4.8. K, kas paliek ganibas, kg / K excreted out 25.1  Aprekins, nemot veéra ganiSanas (pastaigu)
of barn, kg laiku / Estimate based on out-of-barn days
4.9. K, kas nonak méslu kratuve, kg / K input 724 Teorétiski iesp&jamais / Theoretically
in manure storage, kg feasible
4.10. K zudumi méslu uzglabasanas laika, % / 7.0 Vidgji, visa veida zudumiem / Average,
K losses during storage, % all losses
4.11. K pievienots ar pakaiSiem, kg / 0.5 PakaiSos un kompostgjama materiala (6.
K added with litter, kg tab.) / In litter and composting material
4.12. K kiitsméslos péc uzglabasanas, kg / 67.8  Kopgjais daudzums atnemot visa veida
K in manure ex storage, kg zudumus / Total per year, subtracting all
kinds of losses
4.13. K kiitsméslos péc uzglabasanas, kg t! / 4.5 Kiatsmeslu sastavs, kg uz tonnu dabiski
K in manure ex storage, kg t* mitru méslu / kg of K per ton of manure
Tehnologiskajos procesos pievienotais 300 Skalosanas tideni, skabbaribas sula u.c.
tdens, kg / Water added, kg Skidrumi / Washing water, silage effluent,
and other liquids
Sausna ekskrementos, urina, pakaisos 18 Vidgjais raditajs, kiitsmeslu parrekinam
u.c., videji % / DM in faeces, urine, litter, uz dabiski mitru masu / Average value for
etc., average % recalculation on natural-moist basis
Kiutsméslu masa péc uzglabasanas, kg / 15127 Kopgja, dabiski mitru méslu masa
Amount of manure ex storage, kg kratuvé / Manure outcome (natural-moist)
ex storage
20 LLU Raksti 21 (315), 2008; 11-23
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ieskaitot pasus dzivniekus, neparsniedz noteikto
daudzumu uz hektaru.” (Padomes Direktiva ...,
1991). Attiecigi interpretgjot So punktu, LR MK
»Noteikumi par Gidens un augsnes aizsardzibu no
lauksaimnieciskas darbibas izraisita piesarnojuma ar
nitratiem” 16. punkts nosaka, ka dzivnieku vieniba
(DV) ir nosacits dzivnieks, kas gada sarazo 100 kg
slapekla kiitsméslos to uzglabasanas laika (Grozijumi
..., 2007). Tatad tiek veikta atsauce uz to slapekla
daudzumu, kas p&c uzglabasanas perioda ir atrodams
méslu kratuve vai kaudzg.

Praktiski dzivnieku vienibu noteikSana notiek,
nemot kiitsméslu paraugus no to uzkrasanas vietam,
tos analiz€jot un uz So rezultatu pamata rékinot izdalita
slapekla daudzumu gada. Nemot véra kiutsméslu ka
analiz€jama materiala lielo heterogenitati, atskirigos
to glabasanas ilgumus un apstaklus, ka ari citus
faktorus, analizu datiem raksturiga ieverojama
izkliede. Sada veida aprékinata dzivnieku vieniba
neietver to slapekla dalu, kas no dzivnieka organisma
ir izdalits, tacu palicis ganibas, pastaigu laukumos,
emitgjis pasa dzivnieku novietne un méslu uzkrasanas
vietas, ka arT izskalojies, ja m&sli nav uzglabati uz
tideni necaurlaidiga pamata.

Lai pilnigdk raksturotu lauksaimniecibas
dzivnieku ietekmi uz vides piesarnos$anu ar nitratiem,
veicot dzivnieku vienibu noteikSanu, vismaz biitu
janem vera art slapekla daudzums, kas ganibu sezona
nonak tiesi uz lauka. To saskana ar Nitratu Direkttvu
paredz Eiropas Komisijas rekomendéta dzivnieku
izdalita slapekla noteikSanas metode pec paterétas
lopbaribas. Tada pieeja un praktiska realizacija ir ar1
citas ES dalibvalstis (Chesterton, 2006; Is enough ...,
2007; Livestock units ..., 2008). Misu pétijuma (skat.
2. tabulu) slaucamam govim péc baribas vajadzibas
normativiem noteiktais gada izdalitais N daudzums
bija 90-129 kg dzivn.?. Atrékinot slapekla zudumus,
ko EEC metodika nosaka tikai 10% apmera, kopgjais
uz | ha lauksaimnieciba izmantojamas zemes
nonakusais slapekla daudzums no govs veido 87-116
kg N. Peéc Siem aprekiniem | slaucama govs atkariba
no dzivmasas un produktivitates atbilst 0.87—1.16
DV (vidgji 1.0 DV). Ja zudumus novértgjam 40%
apmera, ka iepriekSminétaja piemera (skat. 7. tabulu),
tad 1 slaucama govs atbilst 0.59-0.84 DV (vidgji 0.72
DV).

Janem véra, ka HELCOM konvencijas pielikums
par lauksaimniecibu (HELCOM Recommendation
..., 2007) prasa nepielaut par 25 kg ha* lielaku fosfora
iestradi ar organisko méslojumu (nokluvi augsné ar
dzivnieku izdalfjumiem) gada. Tadgjadi Latvijai ka
HELCOM dalibvalstij dzivnieku vienibu un dzivnieku
blivuma aprékins javeic, balstoties uz diviem
raditajiem — atbilsto$i gan slapekla, gan ar fosfora
daudzumam, kas tiek izdaliti no majdzivniekiem gada
laika. 7. tabula dotaja pieméra vienai slaucamajai
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govij tie bija 26.2 kg P gada, kas atbilst 1.05 dzivnieku
vienibam. Tas liecina, ka dzivnieku vienibu aprékins,
balstoties vai nu uz vienu, vai otru videi bistamo
kimisko elementu, uzrada Iidzigu rezultatu. Latvija
vidgjas dzivmasas un vidgja izslaukuma slaucamajai
govij biitu jaatbilst vienai dzivnieku vienibai.

Secinajumi

Izmantojot Eiropas Komisijas rekomendetas
metodes pe&c Latvija esoSajiem dzivnieku baribas
sausnas, kopproteina un fosfora vajadzibas
normativiem, aprékinati izdalita slapekla un fosfora
daudzumi  slaucamam  govim, nobarojamiem
jaunlopiem, telém, sivénmatém un nobarojamam
cukam. Iegitie rezultati lidzinas izdalita slapekla un
fosfora normativiem vairakas citas ES valstis. Lai
izstradatu katsméslu normativus péc dzivniekiem
izedinatas lopbaribas, Latvija nepiecieSams ieviest
dzivnieku @&dinasanas kontroles sistému, noteikt
saimniecibas faktiski lietotas baribas Iidzeklu
normas, periodiski kontrolét slapekla un fosfora
saturu baribas Iidzeklos, ka arT kvantitativi noteikt
slapekla zudumus dzivnieku mitnés dazadas turéSanas
sisttmas un NP zudumus kiitsm&slu uzkraSanas un
uzglabasanas laika. Dzivnieku vienibu ekvivalenti
dazadam majdzivnieku sugdm un vecuma grupam,
ka ar1 pielaujama dzivnieku blivuma normativi
turpmak biitu janosaka, pamatojoties uz zinatniskiem
pétijumiem un logiskiem aprékiniem.
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Levels of Benzo(a)pyrene (BaP) in Fish, Smoked According to
Different Procedures
Benzo(a)piréna (BaP) saturs zivis, tas kiipinot dazados apstaklos

Ilze Stumpe-Viksna, Andris Morozovs
LLU Partikas tehnologijas fakultate
Faculty of Food Technology, LLU
e-mail: ilze_st@inbox.lv
Vadims Bartkevics, Agnese Kukare
Nacionalais diagnostikas centrs
The National Diagnostic Centre
e-mail: vadims.bartkevics@ndc.gov.lv

Abstract. Polycyclic aromatic hydrocarbons (PAH) are widespread environmental contaminants representing
an important group of carcinogens that have been detected in smoked fish. Benzo(a)pyrene (BaP) is the most
well-known and studied representative of these compounds because it is one of the most potent carcinogens
for animals. Occurrence of BaP in smoked fish and canned sprats in vegetable oil has been studied. Raw fish,
vegetable oil, smoked fish as well as canned smoked fish in oil and its fish and oil fractions separately were
analyzed using method of gas chromatography-mass spectrometry (GC-MS). Generally, the level of BaP in
smoked fish samples varied (from 0.8 up to 13.9 pg kg) depending on the disposition of fish in the smoking
chamber and on the method used for smoke production. The results suggest that another factor affecting the
concentration of BaP in finished canned fish in oil is a diffusion of benzo(a)pyrene from fish fraction in oil
fraction, which could reduce the level of benzo(a)pyrene in fish. Oil from canned smoked fish cannot be

recommended as edible constituent.

Key words: smoked fish, benzo(a)pyrene, smoking procedures, gas chromatography—mass spectrometry.

Introduction

Foodstuffs such as meat and fish and some types
of cheese have been smoked in many countries for
centuries. Originally the purpose was to preserve the
food, partly by reducing the moisture content and
partly through the transfer of anti-microbiological
components, such as aldehydes and phenols, from
the smoke to the food. Now the smoking is primarily
usedtoachievethe characteristic taste and appearance
of smoked food, with preservation playing a minor
role. Nevertheless, smoking can still influence
the shelf life of food because components of the
smoke may inhibit growth of some microorganisms.
Smoking in uncontrolled technological conditions,
characteristic for traditional smoking process, results
in high levels of polycyclic aromatic hydrocarbons
(PAH) (Alonge, 1987, 1988; Afolabi et al., 1983;
Simko, 2002).

Polycyclic aromatic hydrocarbons constitute
a large class of organic compounds that have the
carcinogenic activity. PAH have been found in water,
air, soil, and in different foods, including oil, fat,
smoked/grilled products, plants, marine products,
smoking flavourings, coffee, tee, beverages (Gomaa
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et al., 1993). In food, PAH may be present as a result
of processing and cooking, such as smoking, drying,
roasting, baking, frying, or grilling. Vegetables
may be contaminated by the deposition of airborne
particles or by growth in contaminated soil (Guillen
etal., 1997).

To simplify the problems that have been related
with PAH variety and content multiplicity, benzo(a)
pyrene (BaP) has been accepted as indicator for PAH
content in food products. The European Commission
has introduced maximum levels for PAH in certain
foodstuffs viaCommission Regulation No. 1881/2006.
The maximum level of benzo(a)pyrene (5 ngg™) was
set for smoked meat and smoked fish products.

In this work we have studied the influence of
the type of smokehouse and fish disposition into the
smoking chamber during smoking on the BaP content
in the product.

Materials and Methods

Materials and Smoking Equipment
The fish, used for this research, was from the
Baltic Sea and Riga Gulf region. The vegetable oil
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(rapeseed and soya oil) was obtained from commercial

suppliers.

Technological process of canned sprats in oil
involves hot smoking including drying (50-70 °C,
10-20 min), cooking (100-135 °C, 15-20 min), and
smoking (60-80 °C, 25-35 min), with subsequent
sorting, packing, filling of oil, and sterilization. The
total level of benzo(a)pyrene in canned sprats consists
of the content of BaP in raw fish, BaP level emerging
from smoking process, and benzo(a)pyrene — from oil
used for canning.

Smoke generators were used for smoking of
fish. The temperature of smoke was from 60 to 80
°C. Alder chips were used as firewood; moisture
content of alder chips was 35-45%. Burning
temperature of woodchips and the grating reached
400-450 °C.

In general, a conveyor-tunnel type smoking
chamber consists of a welded foundation and
welded vertical frames covered on either side and
on the top with steel plates to form a double wall
space. The chamber consists of two symmetrical
parts forming two tunnels. Each compartment of
the chamber consists of several sections. There
are two intermediate sections in the chamber
(entrance and exit) that divide the chamber in three
areas: 1) drying, 2) cooking and smoking, and 3)
chilling.

Hot air, which is brought inside from the heat
generator by means of the ventilator through the
supply pipeline in drying area, flowing through
containers with fish is further brought out through
the exit pipeline. The mixture of smoke and air
brought inside by means of the ventilator is supplied
to the cooking and smoking area through the supply
pipeline and is flowing through containers with fish
in a similar manner.

In this research, five different smoking ovens
were used:

A —an oven with two-tunnel conveyor-type smoking
chambers with a smoke generator, produced by
JSC “Miiduranna Texas”, Estonia;

B - an oven with two-tunnel conveyor-type smoking
chambers with a smoke generator, produced by
“Peruza” Ltd, Latvia;

C - a Kverner-Bruk oven with smoke chambers with
a ventilator and underneath location of a smoke
generating furnace;

D - a Kverner-Bruk oven with tunnel-type
modified smoking chambers with a smoke
generator;

E — an electrical oven with a smoke chamber with a
smoke generator.

Sprats in the smoking chamber were hanged up
on frames. Frames in the chamber were placed at
different height.
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Sampling

After the smoking process, approximately a
sample of 500 g of fish was taken according to the
sampling procedure (from specific frame or from
different places on several frames). The sample
was cooled at +4 °C and then sent to the laboratory.
Afterwards it was homogenated in laboratory using
sample mills.

Chemicals

For the sample treatment, cyclohexane (ECD
tested), N,N-dimethylformamide, methanol (HPLC
grade), and sodium chloride (ACS) were purchased
from Acros, ethanol — from J.T. Baker, sodium
sulphate (ACS) — from Fluka, potassium hydroxide —
from Avsista, and silica solid phase extraction (SPE)
tubes (500 mg) — from Phenomenex. Ultra pure water
was produced by a MilliQ filter system. Standards
of benzo(a)pyrene and deuterated standard benzo(a)
pyrene-d , were purchased from Dr. Ehrenstrofer.

Analysis of BaP

Homogenized samples were hydrolyzed with
the solution of potassium hydroxide in ethanol, and
the extracted with cyclohexane. The cyclohexane
solution was washed with water, afterwards — with
a mix of methanol and water, then re-extracted with
N,N-dimethylformamide/water (9:1) blend, and
repeatedly extracted from it with cyclohexane. After
sample cyclohexane solution purification on Silica
SPE column, it was concentrated and analyzed on
Agilent Model 6890 gas chromatograph equipped
with the mass selective detector Model 5973 (Stumpe-
Viksna et al., 2007).

Results and Discussion

In this study, raw fish, vegetable oil, smoked fish,
as well as canned smoked fish in oil, and fish and oil
fractions separately were analyzed using method of
gas chromatography-mass spectrometry (GC-MS).

Fish and marine invertebrates may naturally
contain small amounts of different PAH absorbed
from the environment (Stolyhwo, Sikorski, 2005).
The edible parts of fish from unpolluted seas generally
do not contain detectable amounts of BaP (Rainio et
al., 1986). We found that levels of BaP in the raw fish
were insignificant. BaP content was under the limit
of detection (<0.1 pg kg*) in 30 different samples of
sprats used for canned fish production.

The main amount of PAH in smoked foods comes
from the wood smoke. Cold- and hot-smoked fish
contain much more PAH than raw fish, depending on
the properties of the fish, method and parameters of
smoking, composition of the smoke, and exposure of
the edible parts to the smoke. The concentration of
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BaP found in different studies varies from about 0.05
to 60 ug kg (Lawrence, Weber, 1984).

The BaP levels found in smoked fish from
commercial smokehouses are shown in Figure 1.
Depending on the used construction of smoking
equipment and disposition of fish into the smoking
chamber, the average level of benzo(a)pyrene in
smoked semi-finished fish (after the smoking stage
and before canning) ranged from 0.7 up to 13.9 pg kg ™.
Fish products which were smoked in smokehouses
with a ventilator and underneath location of a smoke
generating furnace (C), contained the highest BaP
levels in comparison to those with a smoke generator
or to the electrical smokehouse (Figure 1).

The content of benzo(a)pyrene in smoked
semi-finished fish products differed substantially
depending not only on the type of a smokehouse, but
also on fish disposition into the smoking chamber in
vertical plane (Figure 1).

Comparison of BaP concentration in smoked
fish by sampling in different places in smokehouses
with a smoke generator and with upper input of
smoke showed that samples smoked on upper
frame contained highest amount of BaP due to its
full concentration in incoming smoke. The greatest
differences in benzo(a)pyrene content, depending on
placement of fish samples, were found in fish samples
smoked in the older generation smokehouse (A) with

a smoke generator in comparison with the modified
smokehouse (B) and Kverner-Bruck smokehouse
(D), although between them greater concentrations
of BaP in fish smoked in such type of smokehouse
were found in fish samples using smokehouse (B);
however, that might be explained by differences
in the smoking methods. A higher amount of BaP
was also found in fish samples smoked on upper
frame of the electrical smokehouse. Similarly, BaP
concentration distribution between smoked fish
sampled in different places of the smokehouse (C)
with a ventilator was higher than in samples from
other smokehouses.

We compared the concentration of BaP in
smoked fish by sampling in different points (places
located at similar height) on the same frame. Results
showed relatively great differences between BaP
concentrations in fish samples smoked in smokehouse
A with a smoke generator (see Figure 2). Obviously,
smoke flow distribution in that smoking chamber is
greatly uneven.

Although we observed general tendency towards
dependency of BaP content in smoked fish on the
construction and operation of a smokehouse as well
as on the position of fish in the flux of smoke, the
results of samples analysis showed high dispersion
of benzo(a)pyrene level in the smoked product even
in the same equipment and at the same fish location.
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Fig. 1. Average benzo(a)pyrene levels in fish samples smoked in different smokehouses and
in different places in a smoking chamber: A —a smokehouse with two-tunnel conveyor-type smoking
chambers with a smoke generator, produced by JSC “Miiduranna Texas”, Estonia, and upper smoke inflow;
B — a smokehouse with two-tunnel conveyor-type smoking chambers with a smoke generator, produced
by “Peruza” Ltd, Latvia, and upper smoke inflow; C — a Kverner-Bruk smokehouse with a ventilator and
underneath location of a smoke generating furnace, and smoke inflow from below; D — a Kverner Bruck
smokehouse with modified smoking chambers with a smoke generator and upper smoke inflow;
E — an electrical smokehouse with a smoke generator and upper smoke inflow.
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Fig. 2. Benzo(a)pyrene levels in fish samples taken from different points on the same frame in
smoking chamber A.
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Fig. 3. Changes in benzo(a)pyrene concentration during a week in fish samples smoked in
smokehouse A with a smoke generator.

This dispersion could be provoked by differences
in fat content in raw fish or by changes in smoke
chemical composition during the smoking process.
Influence of other unknown factors on the content of
contaminants can not be excluded.

Since the smokehouses were cleaned once a week,
it can be assumed that the product has been fouled
by tar residues from the previous processing. The
changes in BaP levels in smoked fish during a week
were investigated to verify such hypothesis. Analysis
of results showed that the level of carcinogen on 3rd-
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Sth day after smokehouse cleaning had diminished
approximately by half (see Figure 3). The reduction
in BaP levels in smoked fish produced at the end of
the week can be explained by the PAH sorption in tar
deposits on the walls of the smoking chamber or by
some unknown factors.

However, in canned smoked fish in oil, the part of
contamination with PAH might have originated from
the vegetable oil used. The average BaP level found
in the vegetable oil used for canned, smoked sprats
production was 0.38 ug kg™.
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Fig. 4. Comparative ratio of benzo(a)pyrene (%) in fish and oil fractions.

Another factor that affects the concentration of BaP
in finished canned fish in oil is a diffusion of benzo(a)
pyrene from fish fraction in oil fraction, which could
reduce the level of benzo(a)pyrene in fish. By separate
detection of BaP concentration in oil and fish fraction
of canned fish in oil as well as undivided sample, a
decrease by about 73 up to 95 percent of the initial
BaP amount in fish was found. For the BaP content
in percentage in fish and oil fractions see Figure 4.
If a person consumes only a fish fraction of canned
smoked fish in oil, he becomes by 56+8 percent less
contaminated than if he consumes the same amount
of fish and oil together. By comparison, an equivalent
mass of only an oil fraction produces approximately
a 355+108 percent higher dose of BaP. The change in
the level of contamination with BaP in fish fraction in
comparison with the total contamination level in the
whole product was calculated according to equation 1.
In the same way it was done for oil fraction according
to equation 2:

C(%), =L 100. ()
C

t

_¢c,—c

C(%), === 100, @)

t

where

C(%), - alteration in benzo(a)pyrene content in
fish fraction relative to BaP content in
an undivided sample of canned fish in
oil, %;

C(%), — alteration in benzo(a)pyrene content in
oil fraction relative to BaP content in an
undivided sample of canned fish in oil,
%03
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C — concentration of BaP in fish fraction,
ng kg

¢, — concentration of BaP in oil fraction, ug
kg™

¢, average concentration of BaP in the
vegetable oil used in production,
ngkg™;

¢, — concentration of BaP in an undivided

sample, pug kg™,

The research suggests that the consumer, using
smoked fish as food, ingests less content of BaP than
its total content in the product, therefore the oil from
canned smoked fish cannot be recommended as an
edible constituent.

Conclusions

Generally, the level of BaP in smoked fish
samples varies depending on the disposition of fish
in the smoking chamber and on the method used for
smoke production. In order to obtain characteristic
and favourite properties of canned sprats, it is very
difficult to ensure the level of benzo(a)pyrene below
5.0 ugkg™ in all stages of the technological procedure
of a batch.

After sterilization and storage, part of BaP from
canned sprats is transferred to oil which is not usually
consumed. This diminishes the risk of contamination.
Oil from canned smoked fish cannot be recommended
as an edible constituent.

Treatment of smoked fish with oil can be used for
diminishing the PAH level in the final product.
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Anotacija

Policikliskie aromatiskie ogltidenrazi (PAO) ir viena no lielakajam organisko savienojumu klasém, kam piemit
kanceroggna aktivitate un kurus atrod ari kiipinatas zivis. Benzo(a)piréns (BaP) ir viens no visvairak pétitajiem
savienojumiem, un to izmanto ka markieri PAO noteik3ana. Saja darba més veicam pétijumu par BaP saturu
zivis, kas kiipinatas dazados apstaklos. Nozimigi benzo(a)piréna koncentraciju ietekméjosi faktori ir diimu
generators, atraSanas vieta kiipinasanas kamera, ka arf citi faktori. Kapinatu zivju konservos lielaka dala BaP
pariet ellas frakcija, tadgjadi patérétaji, uztura lietojot kiipinatu zivju produktus ella, uznem mazaku BaP
daudzumu neka produkta kopuma.
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Policiklisko aromatisko oglidenrazu saturs ellas
The Content of Polycyclic Aromatic Hydrocarbons in Oils
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Abstract. The presence of polycyclic aromatic hydrocarbons (PAHs) has been studied in different samples
of olive, pumpkin, sunflower and rapeseed oil. The highest benzo(a)pyrene (BaP) concentration was found in
sunflower oil, and the highest concentrations of PAHs — in olive oil. The detected concentration of BaP ranged
from detection limit to 7.7 pg kg%, but the total PAH concentration — from 0.21 to 46 pg kg*. The PAH content
in refined sunflower oil was generally higher than that of crude sunflower oils. Treatment of the oils with
1.5% activated carbon resulted in reduction of the initial PAH contamination to 96%. Effect of frying on PAH

concentrations in oil was studied.

Key words: oil, polycyclic aromatic hydrocarbons (PAH), gas chromatography—mass spectrometry.

Ievads

Policikliskie aromatiskie ogludenrazi (PAO) ellas
galvenokart nonak ar atmosfSras piesarnojumu vai
piesarnosanu tas razoSanas procesa. Loti augstas PAO
koncentracijas atrastas neapstradatas ellas no augiem,
kuri bijusi paklauti industrialai darvas kondensata
emisijai, un nedaudz zemakas ellas, kas iegltas
no augiem, kuri bijusi paklauti transporta lidzeklu
dimgazém (Guillen, Sopelana, 2004). Kaltgjot seklas
ar gaisu, kurs satur sadegSanas procesa radusas gazes,
no tam iegiita neapstradata ella var saturét lielas
PAO koncentracijas (Moret et al., 2000). Skidinataji,
ko izmanto ellu eckstrakcija, var bt iesp&jamie
piesarnojuma ar PAO avoti (Larsson et al., 1987).
P&c citu autoru (Cejpek et al., 1998) uzskatiem Sie
Skidinataji nav uzskatami par ellu piesarnotajiem,
kam ari varétu piekrist, jo ellu ekstrakcija no
séklam izmanto viegli gaistoSus Skidinatajus. Ka
piesarnojuma ar PAO avoti tiek minéti arT re-diftizija
no otrreiz&jas parstrades polietiléna pudelém, kuras
izmantotas ellu iepakoSana, un piesarnoSana no
mineralellam vai smérvielam (Moreda et al., 2001).
Nevar izslégt art PAO metabolitisko izcelsmi augos
(Moret, Conte, 2000).

Kaut arT lielaka uzmaniba pievérsta kiipinatiem
produktiem, jo tie biezi satur augstas PAO
koncentracijas (Guillen et al., 1997), tomér vairaki
petijumi par So piesarpotaju klatbttni un citu partikas
grupu izmantoSanu dazadas valstis (Dennis et al.,
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1983; 1991; Lodovici et al., 1995) liecina, ka kop€jo
PAO daudzumu vairak uzpem ar citam partikas
grupam, nevis kiipinatiem produktiem. Dennis et al.
petfjumos secinats, ka graudaugi, ellas un tauki dod
vislielako PAO devu uztura.

Literatira aprakstitas dazadas metodes PAO
noteikSanai augu ellas (Koralovié, Traitler,
1982; Menichini et al., 1991; Moret, Conte,
1998; 2000; Van Stijn, 1996). Vairuma metozu
paraugu iz8kidina nepolara $kidinataja, pieméram,
n-pentana, n-heksana vai cikloheksana, kam seko
PAO  ckstrakcija ar  dimetilformamida—idens
skidumu (9:1, v/v) (Barranco et al., 2003; Larsson
et al., 1987) vai dimetilsulfoksidu (Menichini et al.,
1991). PAO ekstrakcijai var izmantot arl kofeina
kompleksaciju (Koralovi¢, Traitler, 1982). Vairakas
metodes, lai ekstrahdtu PAO no triacilglicerola
matricas, pirms Skidruma—Skidruma eckstrakcijas
veic ellu parzieposanu (Gertz, Kogelheide, 1994;
Stijve, Hischenhuber, 1987). Neatkarigi no ta, kadu
ekstrakcijas panémienu izmanto, nepieciesama talaka
ellas ekstrakta attiriSana, ko parasti veic, izmantojot
kolonnas hromatografiju uz dazadiem adsorb&joSiem
materialiem (Moret, Conte, 2000a).

Saja darba veikti pétijumi par dazadu augu ellu
piesarnojumu ar PAO, to izmainam, ellas cepot
dazadus produktus, ka arT samazinaSanas iesp&jam,
izmantojot aktivéto ogli. PAO tika identific&ti
un kvantificéti, izmantojot gazu hromatografiju—
masspektrometriju (GH-MS).
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Materiali un metode
Paraugu pagatavosana

Analizei izmantojam Latvijas tirgli iegadatas
rafin€tas un nerafinétas saulespuku, rapsa, olivu
un kirbju ellas (kopa 14 paraugi). Katra parauga
pagatavosanai 15 g ellas izSkidin3j
cikloheksana (Acros/ECD tested), kam pievienoja
noteiktus daudzumus ieksgja standarta benzo(a)
piréna-d;, Skiduma (Dr. Ehrenstrofer). Iegutajam
Skidumam pievienoja 50 ml N,N-dimetilformamida
(Acros/HPLC)—tidens Skiduma (9:1) un iegiito
maistjumu kratija. P&c tam N,N-dimetilformamida—
tidens Skiduma slani atdalfja un pievienoja 50 ml
1% NaCl (Acros/ACS) skiduma tdeni, un PAO
ekstrah&ja ar 75 ml cikloheksana. Cikloheksana
slani atdalija, filtr&ja caur beztdens natrija sulfatu
(Acros/ACS) un ietvaic€ja rotacijas ietvaicetaja
40 °C temperatira, vakuuma 235 mbar. Sauso
uz silikagela kolonnas (500 mg, Phenomenex), kuru
kondiciongja ar 5 ml cikloheksana, un PAO elugja
ar 6 ml (3 ml x 2) cikloheksana. PAO cikloheksana
Skidumu ietvaicgja Iidz sausam atlikumam slapekla
50 pl cikloheksana. Cikloheksana Skidumu parnesa
automatiskas parauga padeves pudelu ieliktnos un
izmantoja noteikSanai ar GH-MS metodi.

Meérijumu apstakli un izmantotas iekartas

PAO un benzo(a)piréna noteikSana veikta,
izmantojot firmas Hewlett Packard 6890 gazu
hromatografu ar Hewlett Packard masselektivo
detektoru HP 5973 N un automatisku paraugu
ievadiSanas iekartu HP 7683. Gazu hromatografijas
kolonna: Varian Factor Four, 30 m x 0.25 mm
(nekustigas fazes slana biezums — 0.25 pm).
Gazhromatografiskas analizes parametri: nesgjgaze
— hélijs ar plismas atrumu 1 cm® min?, inzektora
un detektora temperatiira — 280 °C, parauga tilpums
— 1 pl. Kolonnas temperatiiras programma: 120 °C
(1 min); 120 °C—250 °C (15°C min?); 250 °C (13
min); 250 °C—280 °C (20 °C min™); 280 °C (1 min)
280—300 °C (35 °C min?), 300 °C (20 min). Kopgjais
analizes laiks — 45.74 min. Gazu hromatografa—
masspektrometra parejas temperatira — 280 °C.
Elektronu energija— 70 eV, spriegums uz elektrodiem
— 1941 V. MS detektora parametrus skatit 1. tabula.
Izmantojot So metodi, nebija iesp&jams atdalit BjF un
BbF, tapéc tie noteikti ka summa.

Ellas attiriSana ar aktiveto ogli

100 ml saulespuku ellas pievienoja attiecigi 0.1,
0.3, 0.5, 1.0 vai 1.5 g aktivétas ogles, maistja 30 min
istabas temperatiira, filtréja un analizgja ka aprakstits
ieprieks.
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PAOQO satura noteikSana ella péc to
izmantoSanas cepSana

Olas (2 gab., 115 g), nomizotus kartupelus
(sagrieztus garenos kubicinos: 35x7x7 mm; 250 g),
papriku (sagrieztu kubicinos: 10x5x5; 210 g), smalki
sagrieztu liesu galu (200 g) un smalki sagrieztu treknu
galu (speka saturs 40%, 250 g) uz pannas katru cepa
45 ml saulespuku ellas, kurai ieprieks bija noteikts
PAO saturs. Produktus cepa, lidz tie bija gatavi
lietosanai uztura: olas — 15 min, papriku — 20 min,
kartupelus — 35 min, lieso galu — 20 min, trekno galu
— 20 min. Ellu nol&ja un noteica PAO saturu.

Rezultatu izteiksmes veidi

PAO satura salidzinasanai dazadas ellas izmantota
norm&Sana pret lielako atrasto kop&jo PAO saturu
olivu ellai. Aprekini veikti, izmantojot vienadojumu

Q-

Ci
NPAO = —PAO 100, (1)
Crnax
PAO

kur
NP_AO — anormétais PAO saturs, %;

C:D AQ —AO saturs dotaja ella, pg kg
gl KX — maksimalais summarais PAO saturs
ella ar lielako kop&jo PAO saturu, pg
kg™

Kopgja PAO satura novertéSanai dazadas ellas
norméSanai izmantojam kop&jo PAO saturu olivu
ella. Rafinétas un nerafinétas saulespuku ellas PAO
satura salidzinaSanai normé&Sanai péc formulas (1)
izmantojam kop&jo PAO saturu nerafinéta saulespuku
ella. Savukart rezultatu izveértéSana, izmantojot
toksiskas ekvivalences faktorus, PAO saturs dazadas
augu ellas norméts pec lielaka atrasta kopgja PAO
satura.

Pétijuma rezultati un diskusija

Cetriem dazadiem Latvijas tirgii iegadatiem e]lu
veidiem analiz&jam Eiropas Komisijas rekomendacija
(Commission Recommendation 2005/108/
EC) mingtos 15 PAO, kuri ieteikti turpmakiem
petljumiem. Benzo(a)piréna saturs ellu paraugos bija
sakot no nosakamas robezkoncentracijas (0.1 pg kg?)
lidz 7.7 pg kg, bet PAO kopgjais saturs — no 0.21
lidz 46 pg kg*. Analiz&tajos rapSu un saulespuku ellu
paraugos atradam visus analizétos PAO (1. att.).

Vislielakais vidgjais BaP saturs analiz&tajos
paraugos bija saulespuku ellas, bet visliclakais
kopgjais PAO saturs bija olivu ellai. Saulespuku ellai
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1. tabula / Table 1

PAO masspektrometriskie raksturlielumi
PAO masspectrometrical parameters

Masspektra
Savienojums / Salsinajums / bazes smaile / Aiztures laiks /
Compound Abbreviation MS base peak, Retention time, min
Da
Ciklopenta(c,d)piréns / Cyclopenta(c,d) CPP 226 15.24
pyrene
Benz(a)antracéns / BaA 228 15.26
Benz(a)anthracene
Hrizéns / Crysene CHR 228 15.43
5-metilhrizéns / 5-methylchrysene SMC 242 17.94
Benzo(b)fluoranténs / Benzo(b) BbF 252 22.60
fluoranthene
Benzo(k)fluoranténs / Benzo(k) BKF 252 22.60
fluoranthene
Benzo(j)fluoranténs / Benzo(j) BjF 252 22.79
fluoranthene
Benzo(a)piréns / Benzo(a)pyrene BaP 252 24.57
Indeno(1,2,3-c,d)piréns / IcdP 276 28.94
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)antracéns / Dibenz(a,h) DahA 278 29.11
anthracene
Benzo(g,h,i)periléns / Benzo(g,h,i) BghiP 276 30.00
perylene
Dibenzo(a,l)piréns / DalP 302 36.10
Dibenzo(a,l)pyrene
Dibenzo(a,e)piréns / Dibenzo(a,e)pyrene DaeP 302 38.49
Dibenzo(a,i)piréns / DaiP 302 39.42
Dibenzo(a,i)pyrene
Dibenzo(a,h)piréns / Dibenzo(a,h) DahP 302 39.93
pyrene

tas bija 83.2%, kirbju ellai —45.2%, un rapsa —24% no
BAP satura olivu ella, kas atskiras no spanu zinatniecu
pétijuma rezultatiem (Guillen, Sopelana, 2004), kur
seklu ellas saturGja augstakas PAO koncentracijas
neka olivellas. Tomér olivellas galvenokart sastopami
PAO ar mazaku molekulmasu (CPP, BaA, CHR un
SMC), kas dziviem organismiem ir mazak kaitigi.
Salidzino$i rapsu ellas So PAO bija maz, toties
atradam ar1 dibenzpirénus un dibenz(a,h)antracénu,
kas olivella un kirbju ella netika atrasti (1. att.).
Analiz€jot viena tipa (nerafinétas un rafinétas)
ellas, atrastas loti dazadas PAO koncentracijas,
lidz ar to butu vélama regulara kontrole. Iesp&jami
dazi uztura faktori, kas var dalgji aizsargat no PAO
kancerogenitates. Visas augu ellas, bet it Tpasi
olivellas, satur dabiskos antioksidantus, kuri var kavét
PAO toksisko ietekmi (Huang et al., 2002). Lidz ar to
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olivella izpelnijusies Ipasu uzmanibu un ir plasi pétita
vairakos darbos (Barranco et al., 2003; Menichini et
al., 1991; Moret et al., 1997; Bogusz et al., 2004).

Literatiira saméra biezi min&ti p&tijumi par PAO
saturu olivellas, saulespuku un citas ellas (Speer et al.,
1990; Moret et al., 1997; Barranco et al., 2004; Pandey
et al., 2004), tomér tie galvenokart ietver ierobezota
skaita PAO analizi, vai arT dala p&tijumu analiz&ts
tikai benzo(a)piréns. legiitos PAO rezultatus ir griiti
salidzinat ar citu autoru publicétajiem p&tijjumiem, jo
atSkiras ne tikai noteikto PAO skaits, bet arf tas, ka
agrakajos darbos PAO summa ietverti ar ,,vieglie”
(satur Iidz cetriem benzola cikliem) PAO, kuri
nav kancerogéni un biezi ir ievérojami augstakas
koncentracijas.

Apskatot literattiras datus par PAO saturu olivella,
augstakais PAO saturs konstatcts spiedpalicku ellam.
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Apvienotas Karalistes Partikas Standartu Agentiira
(2001) zinoja, ka analizetajas olivu spiedpalieku
ellas no Griekijas, Spanijas un Italijas benzo(a)piréna
saturs robezojas no 9 1idz 43 pg kg* (Van der Wielen
et al., 2006). Misu iegitie rezultati (1. att.) par BaP
saturu olivella, saulespuku un rapsSu ella saskan ar
vairaku autoru (Barranco et al., 2004; Moret et al.,
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5% +
0% -
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kirbju / pumpkin
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m BghiP

O
|

@ CPP
O [cdP

BaA
B DahA

olivu / olive

Ella/ Oil

1997; Larsson et al., 1987) iegiitajam vértibam, bet
ir zemakas neka citu autoru (Pupin, Toledo, 1996;
Koralovi¢, Traitler, 1982) publicétas koncentracijas.

Izvertgjot konstateto individualu PAO relativo
saturu dazadas ellas (2. att.), redzams, ka CPP daudz
vairak sastopams kirbju ellas neka citas analiz&tajas
ellas. Kaut gan lielakoties visaugstakas individualo

saulespuku /
sunflower

rapsu / rapeseed

B BaP
B DahP

SMC
DalP

B BbF+BjF & BkF
DaeP DaiP

1. att. PAO saturs dazadas augu ellas, kas norméts p&c olivellas kop&ja PAO satura.
Fig. 1. Content of PAHs in different vegetable oils calculated according to total content of PAHs in olive oil.
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2. att. Individualo PAO relativais saturs dazadas augu ellas.
Fig. 2. Relative content of PAHs in samples of different vegetable oils.
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PAO koncentracijas tika konstatétas saulespuku ella
(1. att.), tomé@r procentuali CPP un BbF+BjF visvairak
bija kirbju ella, bet BkF, IcdP, DahA, BghiP, DalP
DaiP un DahP — rapsu ella. Savukart SMC olivellas
bija gandriz puse no kopgja PAO satura, bet kirbju
ella tas netika atrasts vispar. Salidzinajuma ar citam
ellam olivu e]la atskiras arT citu PAO attieciba,
piem&ram, benzofluoranténi un benzo(a)piréns bija
daudz mazak un PAO ar lielaku molekulmasu nebija
vispar. Salidzinosi mazakas atskiribas var&ja noveérot
starp PAO procentualo saturu rapsu un saulespuku
ellas. Ja salidzina atrastas BaP koncentracijas (1 att.),
tad redzams, ka saulespuku ella BaP saturs ir vairak
neka uz pusi lielaks salidzinajuma ar citam ellam.
Lai gan procentualais BaP saturs arT saulespuku ella
ir vislielakais, tomé@r praktiski tas ir vienads ar rapsu
ella noteikto relativo saturu (2. att.).

Izmantojot  toksiskas ekvivalences faktorus
(TEF), méginajam objektivi salidzinat kopgjo
PAO daudzumu misu analizétajas ellas un realo
risku cilvéku veselibai. Péc Larsen, Larsen (1998)
publicétajiem toksiskas ekvivalences faktoriem
redzams, ka biitiski mainas PAO piesarnojuma risks
olivellas, kur tas ir tikai 23% no saulespuku ellas
kopgja PAO daudzuma, kas aprékinats, izmantojot
TEF (3. att.). Savukart, izmantojot California EPA
(Technical..., 2005) toksiskas ekvivalences faktorus,
butiski izmainas piesarnojuma risks ar PAO kirbju
ellai un rapsu ellai. Kirbju ellai tas ir tikai 9.7% no
saulespuku ellas, bet rapsu ellai sasniedz 69% no
saulespuku ellas PAO daudzuma, kas aprekinats,
izmantojot TEF.

Ka redzams no mingtajiem piemeriem un
izvertjot zinatniskaja literatlira sastopamos datus,

100,0
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O Kirbju ella / pumpkin oil

B olivella / olive oil
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0,0
PAO
TEF / PAH

PAO izmantojot

PAO izmantojot
TEF / PAH

according to TEF according to TEF

(Larsen, Larsen,

1998)

(California EPA,
2005)

3. att. PAO saturs dazadas augu ellas, kas norméts pec lielaka atrasta kop&ja PAO satura.
Fig. 3. Content of PAHs in different vegetable oils
calculated according to higher total content of PAHs in oil.

2. tabula / Table 2

Iegutas potencialas TEF videjas vertibas
Acquired potencial average values of TEF

PAO/

Savienojumi / Compounds

PAH "cpp BaA CHR SMC BbF BKF BjF BaP IcdP DahA BghiP DalP DacP DaiP DahP

n 1 15 15 3 12 12 6

TEF 0.02 020 004 10 0.1

s 0 029 009 O

0.07 0.1

0.01 0.04 0.02

15 12 12 5 5 6 6 6

1.0 0.14 1.08 0.02 820 0.82 6.86 6.99

0 007 131 0.01 402 033 4.88 4.66

n — aprékinos izmantotais literatliras datu skaits / the number of literature data used in calculation

s — standartnovirze / standard deviation
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secinajam, ka PAO savienojumiem dazadi autori
(Deshpande, 2002; Guillen et al., 2000; Jira, 2004;
Thorslund, Farrer, 1991; Traag et al., 2002; Bolger et
al., 1996; Al-Yakoob et al., 1994; Benzo(a)pyrene ...,
1994; Provisional Guidance ..., 1993; Nisbet, LaGoy,
1992; Collins et al., 1998; Larsen, Larsen, 1998;
Mumtaz et al., 2007) pieskirusi loti dazadus TEF.
Lidz ar to, apkopojot literatiiras datus, izveidojam
kop&ju vidgjo potencialo TEF skalu (skat. 2. tabulu).
Aprekinot miisu analiz&to ellu potencialo toksiskumu
péc misu izveidotas TEF skalas, ieguvam, ka

vislielakais piesarnojuma risks ir saulespuku ellai, bet
vismazakais — kirbju ellai. Izmantojot TEF, redzams,
ka wvislielako toksisko vielu devu ellu piesarnoSana
izraisa dibenzopiréni, ka arT benzo(a)piréns (4. att.).
Kaut arT rafinétas ellas parasti satur mazakas PAO
koncentracijas, jo rafin€Sanas procesa ir iesp&jams
samazinat PAO saturu (Cejpek et al., 1998; Dennis
et al., 1991; Larsson et al., 1987; Moret et al., 1997),
tom&r péc misu analizu rezultatiem tirdznieciba
sastopama rafinéta saulespuku ella saturgja daudz
augstakas PAO koncentracijas (5. att.). Lidz ar to
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4. att. PAO saturs dazadas augu ellas, kas aprékinats, izmantojot iegiito TEF skalu.
Fig. 4. Content of PAHs in different vegetable oils calculated according to acquired scale of TEFs.
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5. att. PAO saturs rafinéta un nerafinéta saulespuku ella, kas norméts péc
rafinétas saulespuku ellas kop&ja PAO satura.
Fig. 5. Content of PAHs in refined and crude sunflower oil
calculated according to total content of PAHs in refined sunflower oil.
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pien@mums, ka pateretaji, kas iecienijusi nerafinétas
ellas, varétu but vairak neaizsargati no kaitigu
vielu uzpemsSanas (Cejpek et al., 1998), neatbilst
patiesibai. ArT spangu zinatniecu pétijuma rafinetas
ellas atrastas augstas PAO koncentracijas, kas
lielakas par nerafin&tas ellas sastopamajam (Guillen,
Sopelana, 2004). Augstakas PAO koncentracijas,
kas konstatetas rafinétas ellas, varétu izskaidrot ar
piesarnotu izejvielu izmantosanu vai ellu iegiSanas
tehnologiju, jo rafinéSanas procesa var tikt izmantotas
dazadu metozu, pieméram, deodoracijas, balinasanas,
apstrades ar bazé€m un skabém kombinacijas, ka ar1
iespgjama ellu piesarnoSana rafin€Sanas gaita, ja
reagenti satur PAO.

Ar deodorizaciju iesp&jams samazinat galvenokart
»vieglos” PAO (satur Iidz cetriem benzola cikliem)
(Cejpek et al., 1998; Dennis et al., 1991), savukart,
apstradajot ar aktivéto ogli, iespgams samazinat
,»smagos” PAO (satur piecus vai vairak benzola ciklus)
(Larsson et al., 1987), bet hidrogen&Sanas procesa
laika — gan ,,vieglos”, gan ,,smagos” (Barranco et al.,
2004).

Ta ka nav zinams misu pétijuma analiz&tas
rafinétas ellas razoSana izmantotie tehnologiskie
procesi, tad griti noteikt iespgjamos piesarnojuma
avotus. Augstdas PAO koncentracijas (vid&ji 6.1
reizi), iesp&jams, ieglitas arl stipri piesarnotas
izejvielas nepietickamas rafinéSanas vai arT vélakas
piesarnosanas dé]. Visbiezak piesarnoSana ar PAO
notiek s€klu zaveéSanas procesa, ja produkts nonak
saskarsmé ar diimgazu sastava esoSiem PAO, ka ar1
ja ellu razoSana izmantotas izejvielas tiek paklautas
piesarnosanai ar smogu. Viens no iesp&amiem

riskiem ellu piesarposanai ar PAO ir arT razoSanas
iekartu ieelloSanai izmantotas mineralellas (Moret,
Conte, 2000).

Ellu piesarnosana ar PAO galvenokart saistita
ar to ieglSanas tehnologiskajiem procesiem, ka,
piem@ram, piesarnota Skidinataja izmantoSana ellu
ekstrakcija no seklam, produkta piesarnoSana ar
naftas produktu izpliides gazeém, ka ar1 Skidinataja
ietvaic€Sanas laika (Bogusz et al., 2004). Tapéc, lai
izvairitos no ellu piesarnoSanas, blitu nepiecieSama
PAO kontrole arT ellu razoSanas procesa — gan pirms,
gan to ieglSanas laika.

Salidzinotindividualo PAO relativo saturu rafinéta
un nerafinéta saulespuku ella (6. att.), redzams, ka
lielakajai dalai PAO procentualas attiecibas abas ellas
ir saméra lidzigas; vienigi CHR, SMC, DaiP un DahP
relativais saturs ir lielaks nerafinéta saulespuku ella.
Savukart atrastais BaA un BaP relativais saturs bija
lielaks rafinéta saulespuku ella, un DaeP bija tikai
rafinéta saulespuku ella.

Mgs parbaudijam PAO samazinaSanas iesp€jas
saulespuku ella, izmantojot aktivéto ogli. Novérojam
visu PAO ieveérojamu samazinasanos. Ellu apstradajot
ar 1.5% aktivéto ogli, visi PAO samazinajas par
85 lidz 96% (7. att.). Procentuala zina visvairak
samazinajas BkF, kam jau pec apstrades ar 0.1%
aktivéto ogli novérojam samazinasanos par 14%.
Pirms apstrades ar aktivo ogli ella 4 reizes parsniedza
maksimali pielaujamo BaP limeni — 2.0 pg kg?, bet
pec apstrades BaP saturs ella bija vairs tikai 1.1 pg
kgt

legttie rezultati arT liecina, ka lai ellas samazinatu
individualo PAO saturu ar lielaku molekulmasu,
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6. att. Individualo PAO relativais saturs rafinéta un nerafinéta saulespuku ella.
Fig. 6. Relative content of individual PAHs in samples of refined and crude sunflower oil.
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7. att. PAO samazinasana ella, apstradajot ar aktivétu ogli.
Fig. 7. Decrease in PAHs in oil by treatment with activated carbon.
nepiecieSams lielaks aktivas ogles daudzums. augu un darzenu vaskotas virskartas var koncentréties

Iegtita korelacija starp molekulas masu un slipuma
koeficientu bija 0.71, kaut gan loti biitiska loma
absorbcija ar ogli ir arT molekulas struktirai, ko
pierada BbF, BkKF un BaP koncentracijas linearas
regresijas vienadojumu koeficientu krasas atskiribas.

Ar meérki parliecinaties, vai cepSanas procesa ellas
veidojas vai nonak papildu PAO no cepama produkta,
mgés veicam arT p&tijumu par PAO saturu ellas péc to
izmantoSanas cep$ana. CepSana ir viens no visbiezak
izmantotajiem termiskas apstrades veidiem dazadu
produktu pagatavosana. Ir zinams, ka PAO veidojas
partikas produktos cepSanas procesa (Janoszka et al.,
2004), ka arT emisijas rezultata sastopami cepSanas
izgarojumos virtuves gaisa (Li et al., 2003; To et al.,
2007).

Ta ka policikliskie aromatiskie oglidenrazi ir
lipofili savienojumi un tiem ir tendence difundét uz
nepolaru vidi, tad, ja cepSanas procesa laika produkta
rodas PAO, tie, visticamak, migracijas rezultata
nonak arf ella.

Cepot olas, novérojam nelielu PAO koncentraciju
palielinasanos ella (8. att.), ko var€tu izskaidrot ar
olas esosa holesterina parvértibam (Barranco et al.,
2004).

Cepot papriku, ella paliclingjas PAO ar mazaku
molekulmasu koncentracijas. Iesp&jams, ka paprika
bija piesarnota ar PAO. Pateicoties adsorbcijai, uz
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,vieglie” PAO (Nielsen et al., 1996). Lidz ar to
cepSanas procesa laika iesp&jama to resorbcija ella.
Savukart PAO ar lielaku molekulmasu par 252
nemainijas vai samazinajas, kas, iesp&jams, varctu
bt to migracijas vai dal&jas sadaliSanas rezultats un
vargtu veicinat vieglo PAO koncentraciju relativo
palielinajumu.

Kartupelu cepSanas rezultata parsvara noveérojam
nemainigas PAO koncentracijas vai to samazinasanos
ella, iznemot BaP un DahA satura paliclinasanos.
Kartupeli bija audzeti biologiska saimnieciba, kuras
tuvuma neatrodas iesp&jamie vides piesarnpojuma
avoti (piem., lielcels, rlipniecibas uznémumi), kas
varétu radit PAO piesarpojumu. Cepot kartupelus,
tie uzsiic ellu saméra lielos daudzumos, ka rezultata
ievérojami samazinas ne tikai e]las daudzums, bet
acimredzot migracijas rezultata ari nedaudz samazinas
PAO saturs ellas parpalikuma.

Cepot liesu galu, PAO saturs ella palika praktiski
nemainigs (9. att.), vienigi BaP un DahA saturs
nedaudz palielingjas. Analiz€jot ellu péc taukainas
galas cepSanas, PAO saturs bija mazaks neka
sakotngji, jo, ta ka nebija iesp&jams atdalit tauku un
ellas fazi, taukiem izskistot ella, tas kopgjais tilpums
bija stipri palielinajies. Lidz ar to absoliitais PAO
saturs varétu but savadaks. Parrékinot PAO saturu,
ievérojot ellas fazes tilpuma izmainas péc formulas
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PAO saturs, pug kg' / Content of PAHs, pg kg

BbF+BjF

B Ella sakotngji / Oil initially O Ella p&c olu cepsanas / Oil after frying of eggs

B Ella p&c paprikas cepsanas / Oil after frying of paprika B El]a p&c kartupelu cep3anas / Oil after frying of potatoes

8. att. PAO satura izmainas saulespuku ella, cepot darzenus un olas.
Fig. 8. Changes in PAHs content in sunflower oil after frying of vegetables and eggs.
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9. att. PAO satura izmainas saulespuku ella, cepot galu.
Fig. 9. Changes in PAHs in sunflower oil after frying of meat.
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2, redzams, ka lielaka dala PAO koncentraciju péc
cepSanas nemainas, bet cepSanas rezultata palielinas
BKkF, BaP, DalP un DaiP saturs (9. att.):

. V
Cﬁio = CPAO =L, @)

Vs
kur

ki vl _ .. — —

Chio — korigéta PAO koncentracija ella péc

cepSanas, ieverojot atSkaidiSanos ar
taukiem, pg kg?;

Cppo— ellasanalizé noteikta PAO koncentracija,
ng kg
V, — ellas un tauku kopgjais tilpums p&c

cepSanas, ml;
Vs — ellas sakotngjais tilpums, ml.

Tomér jaatzim€, ka, novért§jot PAO izmainas
cepSanas procesa, iesp&jamas kliidas gan ellas tilpuma
samazinasanas vai palielinasanas rezultata, gan arl
tapec, ka PAO koncentracijas jau sakuma vairakiem
PAOirzemas vai tuvunosakamairobezkoncentracijai,
kas palielina relativo kludu.

Kaut ari PAO satura izmainas ella norada
uz iespgjamo PAO rasanos produktos cepSanas
laika, tomér no PAO satura ella péc cepSanas
nevar viennozimigi spriest par PAO rasanos
produktos cepSanas procesa, jo PAO difuzija ella
var bt loti atSkiriga atkariba no produkta veida un
apstakliem.

Kaut arT PAO izmainas ella p&c to izmantoSanas
parbaudito produktu cepSana nav lielas, tomér nebiitu
ieteicams ellu izmantot atkartotai cepSanai, jo gan
migracijas, gan citu procesu rezultata noverojam
dazu PAO koncentracijas palielinasanos e]a.

Par PAO rasanos ellas un taukos liecina ari citu
zinatnieku pétfjumi, kuros konstatéts, ka sakarsetu
cepamo ellu izgarojumu tvaiki satur PAO (Chiang
et al., 1997). Kaut arT1 PAO galvenokart rodas, cepot
galas produktus uz atklatas liesmas, tie var rasties
arT augsta temperatiira ellas un taukos, ko izmanto
cepSanas procesa.

Secinajumi

Analizgjot PAO saturu pardoSana esoso olivu,
saulespuku, rapsSu un kirbju ellas, benzo(a)piréna
saturs ellu paraugos bija sakot no nosakamas
robezkoncentracijas (0.1 pg kg?) lidz 7.7 pg kg,
bet PAO kopgjais saturs bija no 0.21 lidz 46 pg kg™
Rafinéta saulespuku ella saturgja augstakas PAO
koncentracijas neka nerafinéta. Ellu apstradajot
ar 1.5% aktivéto ogli, visi PAO samazinajas par
85 lidz 96%. lespgjamas PAO raSanas dé] nav
ieteicams ellu atkartoti izmantot partikas produktu
cepsanai.

LLU Raksti 21 (315), 2008; 30-41

Literatura

1. Al-Yakoob, S.N., Saeed, T., Hashash, H.Al
(1994) Polycyclic aromatic hydrocarbons in fish:
exposure assessment for Kuwait consumers after
the Gulf oil spill of 1991. Environ. Int., Vol. 20,
pp. 221-227.

2. Barranco, A., Alonso-Salces, R.M., Bakkah,
A., Berrueta, L.A., Gallo, B., Vicente, F.,
Sarobe, M. (2003) Solid-phase clean-up in
the liquid chromatographic determination of
polycyclic aromatic hydrocarbons in edible oils.
J. Chromatography A, Vol. 988, pp. 33-40.

3. Barranco, A., Alonso-Salces, R.M., Crespo, 1.,
Berrueta, A., Gallo, B., Vicente, F., Sarobe, M.
(2004) Polycyclic aromatic hydrocarbon content
in commercial Spanish fatty foods. Journal of
Food Protection, Vol. 67, pp. 2786-2791.

4. Benzo(a)pyrene as a Toxic Air Contaminant,
Part B. Health Effects of Benzo[a]pyrene.
(1994) Office of Environmental Health Hazard
Assessment (OEHHA), Air Resources Board
and Office of Environmental Health Hazard
assessment, California Environmental Protection
Agency, Berkeley, 23 pp.

5. Bogusz, M.J., Hajj, S.A.E., Ehaideb, Z., Hassan,
H., Al-Tufail, M. (2004) Rapid determination of
benzo(a)pyrene in olive oil samples with solid-
phase extraction and low-pressure, wide-bore
gas chromatography—mass spectrometry and
fast liquid chromatography with fluoriscence

detection. Journal of Chromatography A,
Vol. 1026, pp. 1-7.
6. Bolger, M., Henry, S.H., Carrigton, C.D.

(1996) Hazard and risk assessment of crude oil
contaminants in subsistence seafood samples
from Prince Williams Sound. American Fisheries
Symposium, Vol. 18, pp. 837-843.

7. Cejpek, K., Hajslova, J., Kocourek, V,
Tomaniova, M., Cmolik, J. (1998) Changes in
PAH levels during production of rapeseed oil.
Food Additives and Contaminants, Vol. 15,
No. 5, pp. 563-574.

8. Chiang, T.A., Wu, P.F., Wang, L.F., Lee, H.,
Lee, C.H., Ko, Y.C. (1997) Mutagenicity and
polycyclic aromatic hydrocarbon content of
fumes from heated cooking oils produced
in Taiwan. Mutation Research, Vol. 381,
pp- 157-161.

9. Collins, F.P.,Brown, J.P., Alexeeff, G.V., Salmon,
A.G. (1998) Potency Equivalence Factors for
some Polycyclic Aromatic Hydrocarbons and
Polycyclic Aromatic Hydrocarbons Derivatives.
Regulatory Toxicology and Pharmacology,
Vol. 28, pp. 45-54.

10. Commission Recommendation 2005/108/EC
of 4 February 2005 on the further investigation

39



1. Stumpe-Viksna et al.

Policiklisko aromatisko ogludenrazu saturs ellas

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

40

into levels of polycyclic aromatic hydrocarbons
in certain foods. (2005) Official Journal of
European Union, L 34/43 - L 34/44.

Dennis, M.J., Massey, R.C., Cripps, G., Venn, 1.,
Howarthand, N., Lee, G. (1991) Factors affecting
the polycyclic aromatic hydrocarbon content
of cereals, fats and other products. Food Addit.
Contam., Vol. 8, pp. 517-530.

Dennis, M.J., Massey, R.C., McWeeny, D.J.,
Knowles, M.E., Watson, D. (1983) Analysis of
polycyclic aromatic hydrocarbons in UK total
diets. Food Chemical Toxicology, Vol. 21, No. 5,
pp- 569-574.

Deshpande, S.S. (2002) Probable Human
Carcinogens and Estimated Relative potencies.
In: Handbook of toxicology. New York; Basel:
Marcel Dekker, 852 pp.

Gertz, A., Kogelheide, H. (1994) Untersuchung
und Beurtailung von PAK in Speisefetten und
Olen. Fat Sci. Technol., Vol. 96. pp. 175-180.
Guillen, M.D., Sopelana, P., Partearroyo, M.A.
(1997) Food as source of polycyclic aromatic
carcinogens. Rev. Environ. Health, Vol. 12,
pp. 133-146.

Guillen, M.D., Sopelana, P., Partearroyo, M.A.
(2000) Determination of Polycyclic Aromatic
Hydrocarbons in Commercial Liquid Smoke
Flavourings of Different Compositions by Gas
Chromatography-Mass Spectrometry. J. Agr.
Food Chem. Vol. 48, pp. 128-131.

Guillen, M.D., Sopelana, P. (2004) Load of
polycyclic aromatic hydrocarbons in edible
vegetable oils: importance of alkylated
derivatives. Journal of Food Protection, Vol. 67,
No. 9, pp. 1904-1913.

Huang, C.Y., Huang, J.Li, Hu, W. Aziz,
R., Tang, M.S., Sun, N., Cassady, J., Stoner,
G.D. (2002) Inhibition of benzo(a)pyrene
diolepoxide-induced transactivation of activated
protein 1 and nuclear factor kappa B by black
raspberry extracts. Cancer Research, Vol. 62,
pp- 6857-6863.

Janoszka, B., Warzecha, 1., Blaszczyk, U.,
Bodzek, D. (2004) Organic compounds
formed in thermally treated high-protein food.

Part 1. Polycyclic Aromatic Hydrocarbons.
Acta Chromatographica, Vol. 14,
pp- 115-128.

Jira, W. (2004) A GC/MS method for the
determination of carcinogenic  polycyclic
aromatic hydrocarbons (PAH) in smoked meat
products and liquid smokes. Eur. Food Res.
Technol., Vol. 218, pp. 208-212.

Koralovic, L., Traitler, H. (1982) Determination
of polycyclic aromatic hydrocarbons in
vegetable oils by caffeine complexation and

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

glass capillary gas chromatography. Journal of
Chromatography, Vol. 237, pp. 263-272.
Larsen, J.C., Larsen, P.B. (1998) Chemical
carcinogens. In: Air Pollution and Health. Eds.:
Hester R.E., Harrison R.M. Cambridge, UK: The
Royal Society of Chemistry, pp. 33-56.

Larsson, B.K., Eriksson, A.T., Cervenka, M.
(1987) Polycyclic aromatic hydrocarbons in
crude and deodorized vegetable oils. Journal
of the American Oil Chemist’s Society, Vol. 64,
pp- 365-370.

Li, C.T., Lin, Y.C., Lee, W.J., Tsai, P.J. (2003)
Emission of Polycyclic Aromatic Hydrocarbons
and Their Carcinogenic Potencies from
Cooking Sources to the Urban. Atmosphere
Environmental Health Perspectives, Vol. 111,
pp. 483-487.

Lodovici, M., Dolara, P, Casalini, C.,
Ciappellano, S., Testolin, G. (1995) Polycyclic
aromatic hydrocarbon contamination in the
Italian diet. Food Addit. Contam., Vol. 12,
pp. 703-713.

Menichini, E., Domenico, A.D., Bonanni, L.,
Corradetti, E., Mazzanti, L., Zucchetti, G. (1991)
Reliability assessment of a gas chromatographic
method for polycyclic aromatic hydrocarbons in
olive oil. Journal of Chromatography, Vol. 555,
pp. 211-220.

Moreda, W., Perez-Camino, M.C., Cert, A. (2001)
Gas and liquid chromatography of hydrocarbons
in edible vegetable oils. J. Chromatography A,
Vol. 936, pp. 159-171.

Moret, S., Conte, L.S. (1998) Off-line LC-
LC determination of PAHs in edible oils and
lipidic extracts. Journal of High Resolution
Chromatography, Vol. 21, pp. 253-257.

Moret, S., Conte, L.S. (2000) Polycyclic
aromatic hydrocarbons in edible fats and oils:
occurrence and analytical methods. Journal of
Chromatography, Vol. 882, pp. 245-253.

Moret, S., Dudine, A., Conte, L.S. (2000)
Processing effects on the polyaromatic
hydrocarbon content of grapeseed oil. J. Am. Qil
Chem. Soc., Vol. 77, No. 12, pp. 1289-1292.
Moret, S., Piani, B., Bortolomeazzi, R., Conte,
L.S. (1997) HPLC determination of polycyclic
aromatic hydrocarbons in olive oils. Zeitschrift
flr Lebensmittel Untersuchung und Forschung,
Band 205, S. 116-120.

Mumtaz, M.M., Ruiz, P., De Rosa, C.T. (2007)
Toxicity assessment of unintentional exposure
to multiple chemicals. Toxicology and Applied
Pharmocology, Vol. 23, pp. 104-113.

Nielsen, T., Jorgensen, H.E., Larsen, J.C.,
Poulsen, M. (1996) City air pollution of polycyclic
aromatic hydrocarbons and other mutagens:

LLU Raksti 21 (315), 2008; 30-41



1. Stumpe-Viksna et al.

Policiklisko aromatisko ogludenrazu saturs ellas

34.

35.

36.

37.

38.

39.

40.

occurrence, sources and health effects. Science
of The Total Environment, Vol. 189, pp. 41-49.
Nisbet, [.T.C., LaGoy, PK. (1992) Toxic
Equivalency Factors (TEFs) for Polycyclic
Aromatic Hydrocarbons (PAHs). Regulatory
Toxicology and Pharmacology, Vol. 16,
pp. 290-300.

Pandey, M.K., Mishra, K. K., Khanna, S. K.,
Das, M. (2004) Detection of polycyclic aromatic
hydrocarbons in commonly consumed edible oils
and their likely intake in the Indian population.
Journal of the American Oil Chemists” Society,
Vol. 81, pp. 1131-1136.

Provisional Guidance for Quantitative Risk
AssessmentofPolycyclicAromaticHydrocarbons,
EPA/600/R-93/089. (1993) United States
Environmental Protection Agency, Office of
Research and Development, Washington, 20 pp.
Pupin, A.M., Toledo, M.C.F. (1996) Benzo(a)
pyrene in olive oils on Brazilian market. Food
Chem., Vol. 55, pp. 185-188.

Speer, K., Steeg, E., Horstmann, P., Kuhn, Th.,
Montg, A. (1990) Determination and distribution
of polycyclic aromatic hydrocarbons in native
vegetable oils, smoked fish products, mussels
and oysters, and bream from the river Elbe.
Journal of the High Resolution Chromatography,
Vol. 13, 104-111.

Stijve, T., Hischenhuber, C. (1987) Simplified
determination of benzo(a)pyrene and other
polycyclic aromatic hydrocarbons in various food
materials by HPLC and TLC. Deut. Lebensm.
Rundsch., Vol. 83, pp. 276-282.

Technical Support Document for Describing
Available Cancer Potency Factors. (2005) Air

LLU Raksti 21 (315), 2008; 30-41

41.

42.

43.

44,

45.

Toxics Hot Spots Program Risk Assessment
Guidelines, Part II. Office of Environmental

Health  Hazard  Assessment, California
Environmental Protection Agency (EPA),
pp. B 77-B 97.

Thorslund, T., Farrer, D. (1991) Development
of relative potency estimated for PAHs end
hydrocarbon combustion product fractions
compared to benzo(a)pyrene and their use in
carcinogenic risk assessments. Washington
DC: US. Environmental Protection
Administration.

To, WM., Lau, YXK. Yeung, L.L. (2007)
Emission of Carcinogenic Components from
Commercial Kitchens in Hong Kong. Indoor and
Built Environment, Vol. 16, pp. 29-38.

Traag, R.J.,, Kelly, C., Baker, K., Jones,
J., McIntosh, A.D., Modffat, C.F. (2002)
Toxic equivalency factors for PAH and their
applicability in selfish pollution monitoring
studies. J. Environ. Monit., Vol. 4, pp. 383-388.
Van der Wielen, J.C.A., Jansen, J.T.A., Martena,
M.J., De Grot, HN., In't Veld, P.H. (2006)
Determination of the level of benzo(a)pyrene
in fatty foods and food supplements. Food
Additives and Contaminants, Vol. 23, No. 7,
pp. 709-714.

Van Stijn, F., Kerkhoff, M.A.T., Vandeginste,
B.G. (1996) Determination of polycyclic
aromatic hydrocarbons in edible oils and
fats by on-line donor-acceptor complex
chromatography and high-performance liquid
chromatography with fluorescence detection.
Journal of Chromatography A, Vol. 750,
pp. 263-273.

41



I. Beitane, 1. Ciprovica Prebiotikas — probiotisko baktériju vairoSands un dzivotspéjas veicinatdjas piend

Prebiotikas — probiotisko bakteriju vairoSanas un dzivotspejas
veicinatajas piena
Prebiotics — the Influencing Factors on Growth and
Survival of Probiotics in Milk

Ilze Beitane, Inga Ciprovica
LLU Partikas tehnologijas katedra
Department of Food Technology, LLU
e-mail: ilzebeitane@inbox.lv

Abstract. The task of the present study was to investigate the influence of different concentrations of inulin and
lactulose on the growth of Bifidobacterium lactis in milk during fermentation, and to determine the survival of
Bifidobacterium lactis in fermented milk during self life of the product. For the experiments, pasteurized milk,
freeze-dried culture Bb-12 (Bifidobacterium lactis, Chr.Hansen, Denmark), inulin RAFTILINE®HP (ORAFI
Active Food Ingredients, Belgium), and syrup of lactulose (Duphalac®, the Netherlands) were used. Different
concentrations of lactulose and inulin (1, 2, 3, 4, and 5%) were used. The initial concentration of B.lactis was
108 cfu inoculated in milk. Milk samples with and without prebiotics were fermented at 36 °C for 16 hours.
Colony forming units of Bifidobacterium lactis were determined according to “The Guideline of Selective
Enumeration of Bifidobacteria in Dairy Products: Development of a Standard Method”. The results showed
that inulin and lactulose promote the growth of B.lactis in milk during fermentation. The concentrations of
inulin and lactulose have significant influence on the growth of bifidobacteria in milk; also prebiotics have
influence on the survival of B.lactis in fermented milk during self life of the product. Investigations suggest
that the properties of one strain of bifidobacteria cannot be referred to the other strains of bifidobacteria. The

optimal concentration of lactulose proved to be 2%, and of inulin — 4%.
Key words: Bifidobacterium lactis, lactulose, inulin, fermented milk.

Ievads

Viena no visplasak parstaveétam funkcionalo
partikas produktu grupam ir probiotiskie un
sinbiotiskie produkti. Tiem ir raksturiga sp&ja izmainit
un normalizét cilvéka zarnu trakta mikrofloru. No
mikrobialo fermentacijas procesu norises resnaja
zarna ir atkariga ne tikai gremoSanas trakta normala
funkcion@$ana, bet galvenokart organisma vispargjais
stavoklis (Saarela et al., 2002; Ouwehand et al., 2005).
Savukart zarnu mikrofloras sastava izmainas, pamata
antibiotiku ietekmé, izraisa nopietnus fiziologiskas
dabas traucgjumus un var but par iemeslu veselai
virknei saslimsanu (Nord et al., 1997; Gopal et al.,
2003). Lidz ar to jautajums par normalas zarnu trakta
mikrofloras uzturé$anu ir aktudlaks neka jebkad. St
jautajuma risinasana paredz palielinat ar produktiem
uznemamo cilvékamnozimigo mikroorganismuskaitu,
kas var€tu sekmét normalu zarnu trakta darbibu.

Mikroorganismiem, kas pretendeé uz probiotikas
statusu, ir jaatbilst noteiktiem kriterijiem — strauji
javairojas un jasaglaba sava dzivotsp&ja produkta, tie
nedrikst izmaintt produkta pamatgarsu (Ostlie et al.,
2005), un tie nevar biit kaitigi cilvékam organismam

42

(Dunne etal., 1999). Lai pieraditu probiotiku labvéligo
ietekmiuz cilvéka organismu, javeic kltiskie p&tfjumi,
piesaistot brivpratigos pacientus. Probiotikas ir dazadi
Lactobacillus un Bifidobacterium gints parstavji
(Orrhage, 1994). Lai probiotikas zarnu trakta vargtu
konkurgt ar vairak neka 400 dazadam mikroorganismu
sugam, tam jabit apveltitam ar Ipasam sp&jam —
parvarét kunga skabes barjeru un zultskabju barjeru
tievajas zarnas un piestiprinaties zarnu epitélija,
tadgjadi uzlabojot organisma aizsargsp&u caur
zarnu epiteliju (Dunne et al.,, 1999). Probiotikam
jaspgj kolonizgties tievaja un resnaja zarna, nomacot
nevélamas mikrofloras attistibu.

Lai probiotikas spetu vairoties gan produkta,
gan cilvéka zarnu trakta, ir nepiecieSami to augsanu
stimulgjosie faktori, tadi ka prebiotikas. Prebiotikas
ir nesagremojami oglhidrati, kas labveligi ietekme
zarnu trakta darbibu, stimulgjot taja probiotisko
bakteriju vairosanos (Gibson, Roberfroid, 1995;
Lewis, Freedman, 1998).

Prebiotikas ir oligosaharidi ar polimerizacijas
pakapi no 2 Iidz 10. Prebiotikas ir gan dabigas
izcelsmes, piemeram, laktuloze (mates piena),
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inulins (cigorinos) vai oglhidratu fermentacijas cela
iegiitie produkti — trehaloze, maltitols u.c. Zinot, ka
prebiotikas stimul@ probiotiku aug§anu zarnu trakta un
var kalpot ka selektivs augSanas substrats probiotisko
mikroorganismu sugam produkta raudz€Sanas un
uzglabasanas laika (Simmering, Blaut,2001; Manning
et al., 2003), paterétajiem tiek piedavati produkti, kas
satur $os abus biologiski aktivo savienojumu veidus,
sauktus par sinbiotikam (Casiraghi et al., 2007).
Lidz ar to pétijuma merkis bija analiz&t
Bifidobacterium lactis vairo$anos piena ar prebiotiku
klatbtitni un bez tas un vertet izveletas probiotikas
dzivotsp&ju raudzgeta piena uzglabasanas laika.

Materiali un metodes

Petjjumi  veikti LLU Partikas tehnologijas
fakultates Mikrobiologijas un PVD Nacionala
diagnostikas centra Partikas un vides izmeklI&jumu
laboratorijas.

P&tfjumiem izmantots piens ar tauku saturu 2.5%,
liofilizetais ieraugs Bb-12 (Bifidobacterium lactis,
celms Bb-12, Chr.Hansen, Danija) un prebiotikas.
Laktulozes koncentrats (Duphalac®, Niderlande)
ar $adu 100 g produkta sastavu: ne mazak par 67%
laktulozes, ne vairak par 10% galaktozes un ne
vairak par 6% laktozes. Inulins RAFTILINE®HP
(ORAFI Active Food Ingredients, Belgija) ar $adu
100 g produkta sastavu: inulins ne mazak par 99.5%,
glikoze, fruktoze un saharoze ne vairak par 0.5%.

Bifidobakteriju ieraugu pienam pievienoja
suspensijas veida, un tas veidoja 2 ml jeb 2%
no produkta daudzuma. Ar ieraugu pienam tika
pievienots ne mazak ka 1-10° B.lactis KVV.
Pétijumos pienam tika pievienots inulins un
laktulozes skidums koncentracijas 1%, 2%, 3%, 4%
un 5%. Nemot véra ievérojamo laktulozes saturu
Skiduma (=67%), turpmak teksta tas apzimeSanai
tiks lietots $ads pieraksts: 1%, 2%, 3%, 4% un 5%
laktulozes. Sagatavotie piena paraugi tika inkub&ti
16 h 36 °C temperatira. Izvéletie raudzeSanas rezimi
balstiti uz Chr. Hansen rekomendacijam un raudz&tu
piena produktu ar bifidobakt&rijam razosanas praksi.
Lai varétu veikt ieglito rezultatu salidzinajumu, tika
sagatavots raudzets piena paraugs bez prebiotikam
jeb  kontrole. Raudzgta produkta gatavosana
veikta atbilstosi klasiskajai skabpiena dz€rienu
tehnologijai.

Bifidobakteriju noteikSana veikta saskana ar
bifidobaktériju noteikSanas vadlinijam ,,Selective
Enumeration of Bifidobacteria in Dairy Products:
Development of a Standard Method” (Bulletin of the
International Dairy Federation 411/2007).

Koloniju veidojo$o vienibu skaits paraugos
noteikts tulit péc ierauga pievienoSanas un talak ik
pec 2,4, 6 un 16 h, ka arT gatavam produktam 1. un
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7. diena. P&c raudz&sanas piena paraugus samaisija
un atdzesgja lidz +10 °C, péc tam — lidz +4 °C. Saja
rezZima tos arl nogatavinaja un uzglabaja. Produkta
uzglabasanas ilgums — 7 dienas. Tas izvéléts, nemot
veéra videjo skabpiena dz€rienu bez piedevam
uzglabasanas ilgumu. Paraugu analizes veiktas
tris atkartojumos. legitajiem rezultatiem noteikti
statistiskie raditaji: vidgjais geometriskais ( x ) un
standartkltida (sx), izmantojot dispersijas analizi
(ANOVA), Fisera jeb F-testu un t-testu.

Rezultati un diskusija

Literattira ir atrodamas atzinas, ka bifidobaktgrijas
vaji vairojas un dazkart pat pilnigi nevairojas piena
(Modler, 1994), tapéc to augsanai tiek izmantotas
prebiotikas, kas var veicinat to vairoSanos un
dzivotsp&ju (Martinez-Villaluenga et al., 2006).

B.lactis vairo$anas dinamika paraugos atkariba
no laktulozes un inulina koncentracijas atspogulota
1. un 2. att€la. Ka redzams no iegltiem datiem,
pirmajas divas stundas paraugos ir vérojams strauj§
B.lactis skaita pieaugums, ipasi kontrolei. Lidzigas
atzinas pauz Rastall un Maitin (2002), noradot, ka
B.lactis piemit augstas izdzivosanas sp&jas piena. Arl
Martinez-Villaluenga u.c. (2006) norada uz B.lactis
atro vairoSanos piena sakotngja raudzé$anas laika,
salidzinot ar citam bifidobakteriju sugam. Tas liecina
par noteiktu B.lactis skabekla un skabes toleranci.
Tomér talaka raudzesanas laika kontrolei ir vérojams
pakapenisks B.lactis skaita samazinajums.

Savukart raudz@tajiem piena paraugiem ar
laktulozi (1. attéls), sakot ar otro raudz€Sanas
stundu, tika konstatéts pakapenisks B.lactis skaita
pieaugums. Augstako B.lactis skaitu raudz&Sanas
beigas noteica paraugiem ar 2% (6-10%° KVV ml?)
un 5% laktulozes (8-10° KVV ml?). legitie rezultati
saskan ar Palframan u.c. (2002) petijuma atzinam, ka
labakais bifidogeénais efekts laktulozei tiek panakts,
pievienojoy to 2% liela koncentracija. Martinez-
Villaluenga u.c. (2006) secina, ka B.lactis vairoSanas
vienlidz labi tiek veicinata, pievienojot 0.5%,
1% un 2% laktulozes. Turprett Dubey un Mistry
(1996) atzimég, ka laktulozei ir minimala ietekme uz
bifidobakt&riju vairosanos.

Raudzgtajiem piena paraugiem ar 3% un 5%
inultna un kontrolei (2. attéls) p&c pirmajam divam
raudz&Sanas stundam tika konstateta lejupejosa
tendence. Savukart piena paraugiem ar 1%, 2% un
4% inulina bija vérojams pakapenisks B.lactis skaita
pieaugums. RaudzgSanas beigas augstakais B.lactis
skaits tika noteikts piena paraugam ar 4% inulina
(2:10° KVV ml?). Seit var vilkt paraléles ar Shin u.c.
(2000) pettjumu, kur ir norades, ka fruktooligosaharidi
ir visefektivakas prebiotikas starp pétitajiem
oglhidratu avotiem. Fruktooligosaharidu efektivitate
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1. att. B.lactis vairoSanas dinamika piena raudzé$anas laika atkariba no
pievienotas laktulozes koncentracijas.
Fig. 1. The dynamic of growth of B.lactis in milk depending on the concentration of lactulose.
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2. att. B.lactis vairo$anas dinamika piena raudz&$anas laika atkariba no pievienotas inulina
koncentracijas.
Fig. 2. The dynamic of growth of B.lactis in milk depending on the concentration of inulin.

palielinas, palielinoties to koncentracijai (maksimali
lidz 5%). Savukar Palframan u.c. (2002) norada, ka
fruktooligosaharidiem augstakais bifidogénais efekts
tieck panakts 1% liela koncentracija. Sis atskirigas
atzinas var€tu skaidrot ar petijumos izmantotajam,
atSkirigajam  fruktooligosaharidu polimerizacijas
pakapém un bifidobaktériju sugam. Lidz ar to ir
jasecina, ka vienas sugas Ipatnibas nevar attiecinat
uz visu ginti. To apstiprina ari Bielecka u.c.
(2002) pétijuma atzina, ka tikai 18 no 30 pétitajam
bifidobaktériju sugam (galvenokart B.longum un
B.animalis) spgj utilizét fruktooligosaharidus.
Pamatojoties uz lielakajai dalai bifidobaktériju
sugu konstateto pozitivo korelaciju starp vairo$anas
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atrumu un vides pH (Martinez-Villaluega et al.,
2006), 3. un 4. attela ir atspogulota pH izmainu
dinamika kontrolei un piena paraugiem ar laktulozi
un ar inulinu raudzeSanas laika.

Izvertgjot pH izmainas piena paraugos ar laktulozi
un ar inulinu raudzéSanas laika, tika konstattas
sakaribas starp B.lactis vairo$anas atrumu un skabuma
picauguma intensitati.

Raudzesanas laika ir verojams pakapenisks
pH samazinajums. pH izmainas ir skaidrojamas ar
pienskabes un citu organisku skabju veidoSanos
piena esoSo oglhidratu fermentacijas rezultata.
Bifidobaktgriju augSanai optimalakais pH ir robezas
no 6 Iidz 8. Inukubgjot B.lactis piena, kura pH ir 6.7,
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3. att. pH izmainas piena paraugos ar laktulozi raudzeSanas laika.
Fig. 3. The changes in pH during fermentation of milk samples with lactulose.
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4. att. pH izmainas piena paraugos ar inulinu raudz&Sanas laika.
Fig. 4. The changes in pH during fermentation of milk samples with inulin.

tiek nodrosSinati optimali to augSanas apstakli. Tas
arT skaidro kraso B.lactis skaita pieaugumu pirmajas
divas paraugu raudz€$anas stundas. Turpmakaja
raudz€sanas laika kontrolei pH ir noslidgjis zem 6.0.
Savukart piena paraugiem ar laktulozi un ar inulinu
skabuma piecaugums ir 1&naks.

Ar vides skabuma izmainam varam arT izskaidrot
B.lactis skaita samazinagjumu analizétajos piena
paraugos turpmakaja raudzesanas laika. Raudzetajam
piena paraugam ar 3% inulina izteiktaks B.lactis
pieaugums konstatéts Iidz pat 6. raudz€Sanas
stundai, kad pH ir tuvu optimalajai bifidobakt&riju
vairoSanai (4. att€ls). legltie rezultati paradija,
ka laktulozes un inulina klatblitne nodrosSina
pakapeniskaku pH samazinajumu paraugos; Iidz ar
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to visa piena raudzeSanas laika ir veérojams neliels,
bet sistematisks B.lactis pieaugums (1. un 2. attgls).
So eksperimentu atzinu més varam skaidrot $adi:
B.lactis sakotngji ir izdalita no dzivnieku fecém un
adapteta piena (Klein et al., 1998), un tai piemit
relativa skabekla un skabes tolerance, kas dalai
bifidobakteriju sugu nav novérojama. Tas ari skaidro
B.lactis izteiktas vairo$anas sp&jas piena, salidzinot
ar citam bifidobakteriju sugam, un pierada Sis sugas
piemérotibu  daudzveidigu skabpiena dz€rienu
razosana, t.sk. ieraugu bagatinasana.

Lai noteiktu, ka pastav bitiskas atskiribas
starp B.lactis skaitu raudz&tajos piena paraugos ar
prebiotikam, starp to koncentracijam un kontroli,
iegiitos rezultatus logaritm&a un paraugus
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savstarp€ji salidzinaja, nosakot p vértibas. Iegttie
rezultati ir apkopoti 1. tabula. Tie liecina, ka
pievienota prebiotiku koncentracija butiski ietekme
B.lactis skaitu paraugos. Lidz ar to var secinat,
ka, pievienojot laktulozi un inulinu, ir iesp&jams
veicinat B.lactis vairo$anos paraugos. Optimalakas
laktulozes koncentracijas ir 2% un 5%, inulinam
— 4%. Paraugs ar 4% inulina bitiski atSkiras no
visiem analiz€tajiem paraugiem, tadgjadi paradot,
ka arT prebiotikas veids var ietekmét B.lactis skaitu
raudzetaja piena. Tas tikai apstiprina pé&tijumos
izteiktas atzinas, ka bifidobakteriju augSanai Tpasi
pieméroti ir fruktooligosaharidi (Simmering, Blaut,
2001).

Jaatzimeé, ka visiem analizEtajiem paraugiem
B.lactis skaits raudzESanas beigas bija no
108 KVV ml? lidz 10° KVV ml?, kas ir batiski

augstaks par noteikto terapeitisko devu cilvekam —
vismaz 10° KVV g (Kurman, Rasic, 1991).

Lidzas bifidobakteriju augSanas veicinasanai
piena ne mazak svarigs faktors ir bifidobakteriju
dzivotspgjas nodrosinasana produkta ta uzglabasanas
laika. Ozer u.c. (2005) norada, ka viena no iesp&jam,
ka sekmét B.bifidum (BB-02) un L.acidophilus (LA-5)
dzivotsp&ju jogurta uzglabasanas laika, ir prebiotiku
pievienoSana produkta gatavoSanas laika. Lidz ar
to raudzEtajiem piena paraugiem ar prebiotikam
tika noteikts B.lactis skaits 1. un 7. diena. Iegtie
rezultati atspoguloti 5. un 6. att€la. Redzams, ka
péc raudzéSanas paraugos ir vérojams krass B.lactis
skaita samazinajums (uz x ass 0 punktd atziméts
B.lactis skaits raudz&sanas beigas), ko varam skaidrot
gan ar skabekla klatbuitni, produktu samaisot, gan ar
temperatiras izmainam, produktu atdzesgjot, gan

1. tabula/ Table 1

Laktulozes un inulina koncentraciju ietekme uz B.lactis skaitu raudzétos piena paraugos, Ig KVV ml!
The influence of the concentrations of lactulose and inulin on the amount of B.lactis in fermented milk
samples, Ig cfu ml!

Koncentracijas, % / Laktuloze / Lactulose Inulins / Inulin
Concentrations, %
85b 8.6b
2 8.8b 85b
3 8.6b 8.0b
4 83a 9.3b
5 89b 83a
Kontrole / Control 83a 83a

Piezime: a, b — norada atskiribas starp laktulozes vai inulina koncentracijam: a — nav butisku atskiribu (p>0.05),
salidzinot ar kontroli; b — pastav biitiskas atkiribas (p<0.05), salidzinot ar kontroli.
Note: a, b — indicate differences between concentrations of lactulose and inulin: a — no disparity (p>0.05) compared to

control; b — a disparity (p<0.05) compared to control.
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5. att. B.lactis skaita izmainas raudzétajos piena paraugos to nogatavinasanas un uzglabasanas laika
atkariba no pievienotas laktulozes koncentracijas.
Fig. 5. The changes in the number of B.lactis in fermented milk samples depending on the concentration of
lactulose during the maturation time and self life of product.
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6. att. B.lactis skaita izmainas raudz&tajos piena paraugos, to nogatavinasanas un uzglabasanas laika atkariba
no pievienotas inulina koncentracijas.
Fig. 6. The changes in the number of B.lactis in fermented milk samples depending on the concentration of
inulin during the maturation time and self life of product.
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7. att. pH izmainas raudz&tajos piena paraugos ar laktulozi nogatavinasanas un uzglabasanas laika.
Fig. 7. The changes in pH during the maturation time and self life of fermented milk samples with lactulose.

ar talaku skabuma pieaugumu biokTmisko norisu
rezultata, produktu nogatavinot.

Skabpiena dzérienu/produktu gatavosana
raudz&Sanas process ir viens no tehnologiskajiem
etapiem un nebiit ne noslédzosais. Péc raudzesanas
produkts tiek atdzeséts, iepakots un nogatavinats.
Nogatavinasana ir produkta razoSanas nozimiga
operacija, kura pilnveidojas produkta sensoras
Tpasibas: garSa, smarzaun konsistence un tiek sasniegti
noteikti kvalitates raditaji, pieméram, skabums.

Ar  biokimisko procesu norisi  produkta
nogatavina$anas laika m&s varam skaidrot gan B.lactis
skaita samazinajumu (5. un 6. att€ls), gan skabuma
izmainas (7. un 8. att€ls). Uzglabasanas laika, sakot
no 1. dienas, nemainigs B.lactis skaits tika konstatgts
kontrolei un raudz&tiem piena paraugiem ar 1% un
2% laktulozes. Savukart inulina klatbtitne raudz&tajos
piena paraugos uzglabasanas laika, sakot ar 1. dienu
(6. att€ls), nodrosinaja nemainigu B.lactis skaitu, kas
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ir Joti pozitivi, veidojot sinbiotisku raudz&éto piena
produktu. Savukart raudz&tajiem piena paraugiem ar
3% laktulozes un vairak bija vérojams B.lactis skaita
samazinajums no 0.5 Iidz 1 lg vertibai. Tas saskan
ar literatira min€tajam atzinam, ka optimalakais
bifidogenais efekts laktulozei tiek panakts nelielas
koncentracijas, kas arT nodro$ina nemainigu B.lactis
skaitu paraugos uzglabasanas laika. Turpreti Alkalin
u.c. (2004) ir secinajis, ka uzglabasanas laika
dzivotspgjigo bifidobakteriju skaits ir augstaks, ja
tas ir auguSas fruktooligosaharidu klatbGitng. Ar
§is atzinas palidzibu var skaidrot pétijjuma iegiitos
rezultatus, proti, augstaks un nemainigaks B.lactis
skaits (8.3 Ig KVV ml?) ir piena paraugiem ar 2%,
4% un 5% inulina.

Ta ka literatira un arT praksé ir zinams, ka
skabpiena dzeriena uzglabasanas laika pH turpina
samazinaties, sasniedzot pat pH 4.4 (Alkalin
et al., 2004), tad raudzetajiem piena paraugiem ar
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8. att. pH izmainas raudz&tajos piena paraugos ar inulinu nogatavinasanas un uzglabasanas laika.
Fig. 8. The changes in pH during the maturation time and self life of fermented milk samples with inulin.

2. tabula / Table 2

Laktulozes un inulina koncentraciju ietekme uz B.lactis skaitu analizétajos paraugos uzglabasanas beigas,
Ig KVV ml!
The influence of the concentrations of lactulose and inulin on the number of B.lactis in
fermented milk samples at the end of self life, Ig cfu ml!

Koncentracijas, % / Laktuloze / Lactulose Inulins / Inulin

Concentrations, %

83b 80a

2 83b 83b

3 8.3b 8.0a

4 83b 83D

5 8.0a 83b
Kontrole / Control 80a 80a

Piezime: a, b — norada atskiribas starp laktulozes vai inulina koncentracijam: a — nav butisku

atSkiribu (p>0.05), salidzinot ar kontroli; b — pastav biitiskas atskiribas (p<0.05), salidzinot ar kontroli.
Note: a, b — indicate differences between concentrations of lactulose and inulin: a — no disparity
(p>0.05) compared to control; b — a disparity (p<0.05) compared to control.

laktulozi un ar inulinu tika noteiktas pH izmainas
nogatavinasanas un uzglabasanas laika. Iegitie
rezultati atspoguloti 7. un 8. attcla.

Uzglabasanas laika raudz&tajiem piena paraugiem
pH nenoslidéja zemak par 4.6. So atikiribu var
skaidrot ar p&tfjuma izmantoto monokulttiru — Bb-12;
savukart literatira aprakstita produkta ierauga bez
bifidobaktérijam ietilpa ari Streptococcus salivarus
subsp.thermophilus un Lactobacillus debrueckii
subsp.bulgaricus. Kontrolei un raudz&tajiem piena
paraugiem ar 1% un 2% laktulozes pH izmainas
bija nenozimigas, kas ari izskaidro nemainigo
B.lactis skaitu Sajos paraugos uzglabasanas laika.
Raudz@tajiem piena paraugiem ar inulinu ir vérojams
loti niecigs pH samazinajums, iznemot raudz&to piena
paraugu ar 4% inulina. Iegltie rezultati norada uz
pozitivu korelaciju starp B.lactis skaitu un produkta
vides skabumu.
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Lai izveértétu laktulozes un inulina ietekmi
uz B.lactis skaitu raudz€tajos piena paraugos
uzglabasanas beigas, ieglitos rezultatus logaritmgja
un paraugus savstarpgji salidzinaja. legitie
rezultati (skat. 2. tabulu) rada, ka prebiotikas veids
butiski neietekmé B.lactis skaitu raudz&tajos piena
paraugos uzglabasanas termina beigas. Izvéloties
katrai  prebiotikai optimalako pievienojamo
koncentraciju, iesp&jams panakt [1dzigu rezultatu.
Augstakais B.lactis skaits uzglabasanas laika
beigas tika iegiits raudz&tajam piena paraugam ar
4% laktulozes, savukart paraugiem ar inulinu —
2%, 4% un 5% koncentracijas. Ka pozitivu aspektu
jaatzimé, ka uzglabasanas termina beigas visos
raudz€tajos piena paraugos B.lactis skaits bija
10* KVV ml? vai lielaks, kas parsniedz noteikto
terapeitisko  minimumu  bifidobaktérijam -
108KVV gt
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Secinajumi

1.

Pievienojot pienam laktulozi un inulinu, ir
iesp&jams veicinat gan B.lactis vairoSanos, gan
arl nodro$inat B.lactis dzivotsp&ju raudzétajos
piena paraugos uzglabasanas laika.

B.lactis skaits paraugos péc raudz€Sanas, péc
nogatavinasanas un uzglabasanas termina beigas
bija butiski augstaks par noteikto terapeitisko
minimumu bifidobakterijam — 10°KVV g,

Lai nodrosinatu B.lactis vairo$anos un
dzivotspgju raudzeéta piena, ka optimalaka
laktulozes koncentracija ir uzskatami 2%, bet
inulina — 4%.

Paraugs ar 4% inulina butiski at$kiras no visiem
analizétajiem paraugiem, tadgjadi paradot, ka
ari prebiotikas veids var ietekmét B.lactis skaitu
raudz&ta piena.

Prebiotikas veids batiski neietekmé B.lactis
skaitu raudzg€tajos piena paraugos uzglabasanas
termina beigas.
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Lopbaribas raksturojums piena izmaksu aspekta
Characteristics of Forage from the Aspect of Milk Costs

Janis Latvietis, Valdis Auzins, Silvija Strikauska, Indra Eihvalde
LLU Lauksaimniecibas fakultate
Faculty of Agriculture, LLU
e-mail: Ifdek@Ilu.lv

Abstract. The analysis of statistical data proves that the situation in dairy farming in Latvia is starting to
stabilize: the tendency for the number of cows to decrease has ceased, which is compensated by the increase in
cow productivity. The last five-year data show that milk production stays within 800 000 tons. The milk sales
price has reached the average level of the prices in the EU countries, and no significant increase is expected.
The problems occur due to milk production costs — they are high and endanger Latvia’s competitiveness in the
market of the EU and other countries. One of the determinant reasons for the high milk production costs is over-
consumption of feed (approx. 13%) and high costs of forage (on average, LVL 300 per cow per year). Over-
consumption is caused mainly by the protein deficit which exceeds 10% of the desirable, whereas expensive
forage (fodder, additives) explains the high costs of feed. For covering the protein deficit and decreasing the
forage costs, most profitable proved to be grass forage which is comparatively most inexpensive and can be
utilized both in summer and winter. The research suggests that increase in the amount of grass forage in cow
feeding from 63% to 68% would increase the protein content in feed dry matter from 14.6% to 15.7% and
would decrease the costs of forage for dairy production by 3 per cent.

Key words: forage, milk, costs.

Tevads Merkis un uzdevumi
Piena lopkopiba Latvija lidzigi citam P&tfjuma mérkis bija uzzinat lopbaribas strukttiras
lauksaimniecibas nozarém sociali ekonomisko  ietekmi uz piena izmaksam un dot ieteikumus

parkartojumu un agraras reformas rezultata péc 1990.
gada jiitami samazinaja razoSanas apjomus. Desmit
gadu laika (no 1990. lidz 2000. gadam) slaucamo
govju skaits samazinajas no 535 tiikst. 11dz 204 tikst.,
bet piena kopieguve — no 1893 tukst. tonnu lidz 825
tikst. tonnu, t.i., attiecigi par 62 un 56 procentiem.
Tacu, ka liecina statistikas datu analize (Latvijas
lauksaimnieciba ..., 2006; Lauku saimniecibas
..., 2007), pedgjos piecos gados stavoklis ir sacis
normaliz&ties. Govju skaita samazinasanas notiek
lenak un parsvara tikai uz nelielo saimniecibu
rekina. Tas savukart tieck kompenséts ar govju
produktivitates paaugstinaSanos. Tadé] piena
kopieguve valstt saglabajas 800 tukst. tonnu robezas
(1. tabula).

Piena realizacijas cena sasniegusi 17 sant. kg? un,
ja nenotiks biitiskas izmainas ES un pasaules piena
tirgdi, nav gaidama tas palielinasanas, jo jau tagad ta
parsniedz Eiropas Savienibas valstu vid€jo Itmeni
(Miglavs, 2007).

Problémas rada piena razoSanas izmaksas, kas
apdraud Latvija razota piena konkurétsp&ju Eiropas
Savienibas un citu valstu tirgd.
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$o izmaksu samazinasanai un govju &dinasanas

uzlabosanai. Sim noliikam tika izvirziti uzdevumi:

— izmantojot statistikas datus, noveértét piena
lopkopibas stavokli Latvija;

— raksturot govim iz&dinatas lopbaribas struktiru,
proteina un energijas nodro$indjumu un baribas
izmaksas;

— uzlopbaribas analizu un izmaksu pamata izvertet
dazadu baribas Iidzeklu piemérotibu proteina
un energijas apgades uzlabo$anai un baribas
izmaksu samazinasanai piena razosana.

Materials un metodes

Petfjuma materials bija statistikas dati par piena
lopkopibasstavokliLatvijaunatseviskassaimniecibas,
par lopbaribas struktiiru govju &dinasana un piena
razoSanas izmaksam, ka ar1 agrokimisko analizu
rezultati par baribas lidzeklu barotajveértibu (Latvijas
lauksaimnieciba ..., 2006; Lauku saimniecibas ...,
2007).

Datu apkoposanai, izvertéSanai un interpretéSanai
lietotas analizes un sint€zes mijiedarbibas metodes,
ka arT Latvijas un citu valstu zinatnieku publikacijas
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1. tabula/ Table 1

Piena raZoSanas dinamika Latvija
Dynamics of milk production in Latvia

Raditaji / Indicators 2002 2003 2004 2005 2006
Slaucamo govju skaits, tukst. / 204 186 186 185 182
Number of dairy cows, thous.

Vidgjais izslaukums, kg / 3958 4261 4251 4364 4492
Average milk yield, kg
Piena kopieguve, tukst.t. / 813 786 786 810 815

Milk gross yield, thous.t.

2. tabula / Table 2

Slaucamo govju &édinasanai izlietota bariba 2005. gada (dzivmasa — 550 kg, izslaukums — 5000 kg)
Feed used for dairy cows in the year 2005 (animal weight — 550 kg, milk yield — 5000 kg)

Baribas Baribas Kop- Neto energija Baribas
Lopbaribas veids / daudzums / sausna / proteins / laktacijai / vertiba /
Type of feed Amount of Dry Crude Net energy Feed
feed, matter, protein, for lactation, value,
kg kg kg MJ LVL
Zalbariba, ganibu zale / 7600 1520 243.2 9120 45.60
Green forage, pasture grass
Skabbariba, skabsiens / 3900 1248 180.1 7144 42.90
Silage, haylage
Siens / 1400 1204 154.0 6720 42.00
Hay
Lopbaribas graudi / 1280 1126 135.1 9634 96.00
Feed grains
Rausi, spraukumi / 260 234 93.6 1685 39.00
Cake, oil meal
Salmi / 135 116 4.5 405 0.68
Straw
Pargja bariba / 978 229 15.7 1321 40.60
Other feed
Kopa / Total 15.553 5677 826.2 36 049 306.78

par lopbaribas barotajvertibas noteik§anu un prasibam
govju apgadg ar proteTnu un energiju.

Govim iz&dinatas baribas daudzums un izmaksas
rékinatas pec Latvijas Lauksaimniecibas konsultaciju
un izglitibas centra (LLKC) informativo materialu
apkopojuma (Bruto seguma ..., 2006) un m.p.s.
,,Vecauce” razoSanas un finansialas darbibas 2005. un
2006. gada rezultatiem. Baribas kimiskais sastavs un
energétiska vertiba uzradita peéc LLU Agronomisko
analizu zinatniskas laboratorijas analizu datiem,
atseviskos gadijumos tos papildinot ar oficialos
izdevumos (Jeroch et al., 1993; Lopbaribas katalogs,
1996) esoso informaciju. Baribas proteina un
energijas vajadziba govim izskaitlota péc A. Budnika
u.c. ,,Dattensammlung flr die Betriebsplanung in
der Landwirtschaft” (Budnik et al., 1991) un U.
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Osisa ,,Baribas lidzeklu novertéSana atgremotaju
€dinasana” (Osttis, 1998).

Rezultati

Lai varetu ieteikt iesp&jamos celus piena
razosanas izmaksu samazinaSanai, m&s analizgjam
pasreizgjo situaciju govju &dinasana, kas ir galvenais
postenis piena paSizmaksa un veido apméram 45%
no kopgjiem izdevumiem. Izmantojot miisu riciba
esosos informativos materialus par govim 2005. gada
izeédinatas baribas daudzumu, struktiiru un izmaksam
(skat. 2. tabulu), moduléjam uzlabotu variantu ar
paaugstinatu zales lopbaribas ipatsvaru (4. tabula).
Sim noliikam tika nemta véra un salidzinata dazadu
baribas Iidzeklu barotajvertiba un izmaksas.
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No gada izlietotas baribas energgtiskas vertibas
31.8% aiznem spékbariba, bet 63.3% — zales bariba.
Baribas sausna ir 14.6% kopproteina, un ta satur
6.35 MJ kg neto energijas laktacijai (NEL). Rekinot
uz 1 kg piena, izédinati 308 g spékbaribas, 165 g
kopproteina, 7.1 MJ NEL un izlietota bariba 6.1 sant.
vertiba.

Vadoties péc zootehniskajiem normativiem, govi
atkariba no tas produktivitates vajadz&tu nodrosinat
ar baribu, kuras viena kilograma sausnas butu 15—
18% kopproteina un 6.3—6.6 MJ NEL. Secinams, ka
2005. gada govij izmantotaja bariba trukusi 10% no
nepiecieSama proteina un uz pietickamibas robezas
bijusi energijas koncentracija baribas sausna. Tas arl
bija c€lonis baribas partérinam par 4700 MJ NEL jeb

13% un lopbaribas augstajam izmaksam (Ls 306 govij
gada). Baribas partérina izmaksas sasniedz gandriz
Ls 40, rekinot uz govi gada, jeb 7 miljonus latu visam
slaucamo govju ganampulkam Latvija.

Izvirzijam hipotézi, ka stavokli vargtu uzlabot,
izmainot iz€dinamas lopbaribas struktiiru, samazinot
taja dargo baribas lidzeklu Ipatsvaru un palielinot
letakas, bet ar proteinu bagatas, baribas Tpatsvaru.
Lai izvertétu dazadas baribas piemerotibu, Sim
nolikam izveidojam 3. tabulu ar baribas Ilidzeklu
attiecigu raksturojumu. Redzams, ka proteina
saturs baribas sausna visaugstakais ir rauSos un
spraukumos, bet energijas koncentracija visaugstaka
ir lopbaribas graudos. Diemzgl Sie sp&kbaribas
lidzekli ir visdargakie. Ta, 1 kg kopproteina izmaksas

3. tabula / Table 3

Baribas lidzeklu raksturojums
Description of feedstuffs

Baribas Baribas sausna / Baribas Baribas vielu
sausna/  Inthe dry matter of feed izmaksas / izmaksas /
Baribas lidzeklis / Content Feed Costs of nutrients
Feedstuff of the dry kopproteins / costs, kop-
matter crude NEL,  sant.kg? proteins / 1 MJ NEL,
of feed, protein, MIJ kg! crude protein, sant.
g kg gkg?! sant. kg
Miezu graudi / 880 120 8.69 7.0 66.0 0.93
Barley corn
Kviesu graudi / 880 138 9.13 7.0 57.9 0.88
Wheat corn
Rapsu rausi / 910 367 7.62 11.0 32.9 1.59
Rapeseed cakes
Sojas spraukumi / 900 532 8.03 19.0 21.1 2.63
Soya oil meal
Lucernas za]masa / 200 180 5.12 0.6 16.7 0.59
Lucerne green feed
Galegas zalmasa / 220 210 5.75 0.6 13.0 0.47
Galega green feed
Daudzgadigo
zalaju skabbariba / 320 167 5.66 11 20.8 0.61
Perennial grassland
silage
Kukurtizas
skabbariba / 320 97 6.27 11 355 0.55
Maise silage
Abolina siens / 860 152 5.63 3.0 22.9 0.62
Clover hay
Stiebrzalu siens / 860 113 5.61 3.0 30.9 0.62
Cereal grase hay
Ganibu zale / 180 208 6.30 0.6 16.2 0.53
Pasture grass
Vasaraju salmi / 860 39 3.58 0.5 147 0.16

Straw
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lopbaribas graudos ir 3-4 reizes (57-66 sant.),
bet rauSos un spraukumos — 2 reizes (21-33 sant.)
dargakas neka zalbariba, zales skabbariba un ganibu
zale (1321 sant.). Savukart energijas izmaksas rausos
un spraukumos 3—4 reizes (1.6-2.6 sant. MJ NEL),
bet lopbaribas graudos 2 reizes (0.9 sant. MJ NEL)
parsniedz energijas izmaksas zales lopbariba — 0.5—
0.6 sant. 1 MJ neto energijas laktacijai. Salmi, kas ir
vislétakais lopbaribas veids, ierobezotas apédamibas
un niecigas barotajvertibas dél vairak ir pieméroti
tikai baribas sausnas un kokskiedras papildinasanai
baribas devas.

No  zootehniskajiem un fiziologiskajiem
apsvérumiem govju baribas devas nevar komplektét
tikai ar IStajiem baribas Iidzekliem, kas dazkart
baribas vielu satura zina ir mazvertigi (salmi, zemas
kvalitates siens, bojata skabbariba, Skiedenis u.c.).
Janem vera, ka, palielinoties govju produktivitatei,
to baribas devas japalielina spekbaribas ka viegli
sagremojamas ar augstu energijas koncentraciju
baribas daudzums. Jautajums vienigi, kads Tpatsvars
pielaujams vai nepiecieSams spekbaribai un kads —
tilpumainai baribai (zalbaribai, skabbaribai, sienam).
Latvijas apstaklos vairuma saimniecibu govim
iz&dinatas spekbaribas Tpatsvars svarstas 30-40%, bet
zales lopbaribas Tpatsvars 55-65% robeZzas no baribas
kopgjas energetiskas veértibas.

P&c 3. tabula dota baribas lidzeklu raksturojuma

samazinaSanai govju &dinasana izdeviga ir zales

lopbariba, kuras T1patsvaru var€tu palielinat,
ekonomgjot dargo spekbaribu.
Lai vertétu ieteikuma par zales lopbaribas

plasakas izmantoSanas iesp&jam un ta realizacijas
efektu, 2. tabula atspogulotos govju &dinasanas
pasreizgja stavokla datus interpol&jam, palielinot zales
lopbaribas Tpatsvaru Iidz 68% un attiecigi samazinot
spekbaribas daudzumu lidz 27% (4. tabula).

Aizvietojot 300 kg spekbaribas ar 1500 kg
labas kvalitates taurinziezu un daudzgadigo zalaju
skabbaribu un zalbaribu, proteina saturs baribas
sausné palielinajas [idz 15.7%, energijas koncentracija
saglabajas pietickama limeni (6.38 MJ NEL kg%),
bet izdevumi lopbaribai samazinajas par 3% jeb Ls
8.50, rekinot uz govi gada. Kaut arT §T ekonomija
Skiet nenozimiga, valsts meroga, summéjoties
visam slaucamo govju ganampulkam, ta veidotu jau
1.5 miljonus latu. Turklat janem vera sagaidamais
izslaukuma pieaugums proteina un energijas apgades
uzlaboSanas rezultata.

Diskusija

Latvijas m@renais piejiiras klimats ar pietickamu
nokri$nu daudzumu piemerots zalaugu audzesanai.
Ieveérojot citu valstu ar Iidzigu klimatu (Danijas,
Vacijas, Anglijas u.c.) pieredzi, zales lopbaribas
ipatsvaru govju bariba, rékinot péc energétiskas

proteina  satura  palielinaSanai un  izmaksu  vertibas, var€tu palielinat Iidz 65-70%. Par Sadam
4. tabula / Table 4
Govij (dzivmasa — 550 kg, izslaukums — 5000 kg) izédinama bariba
Feed for a cow (animal weight — 550 kg, milk yield — 5000 kg)
Baribas Baribas Kop- Neto energija Baribas
Lopbaribas veids / daudzums / sausna / proteins / laktacijai / vertiba /
Type of feed Amount Dry matter Crude Net energy Feed
of feed, of feed, protein, for lactation, value,
kg kg™ kg™ MJ LVL
Zalbariba, ganibu zale / 7800 1560 265.2 9360 46.80
Green forage, pasture grass
Skabbariba, skabsiens / 5200 1664 275.1 9485 57.20
Silage, haylage
Siens / 1400 1204 154.0 6720 42.00
Hay
Lopbaribas graudi / 1000 880 120.0 8600 75.00
Feed grains
Rausi, spraukumi / 240 216 86.4 1555 36.00
Cake, oil meal
Salmi / 135 116 4.5 405 0.68
Straws
Pargja bariba / 978 229 15.7 1321 40.60
Other feed
Kopa / Total 16 753 5869 920.9 37 446 298.28
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5. tabula / Table 5

Govij nepiecieSamais spekbaribas daudzums (kg) atkariba no zales baribas kvalitates
(dzivmasa — 500 kg, piena tauki — 4.0%)
Amount of feed necessary (kg) for a cow depending on the quality of the grass feed
(animal weight — 500 kg, milk fat — 4.0%)

Baribas kvalitate / Izslaukums diennaktt, kg / Daily milk yield, kg
Feed quality 10 20 30 40 50
Slikta / Bad 5.6 9.8 14.0 - -
Vidgja / Average 2.2 6.4 10.6 14.8 -
Augsta / High - 2.6 6.8 11.0 15.2

iesp&jam liecina arim.p.s. ,,Vecauce” pieredze: zales
lopbaribas daudzums 350 govju liela ganampulka (ar
vidgjo izslaukumu lielaku par 6000 kg) iz€dinataja
bariba veido 64-69%. Tacu noteikti jaievéro, ka
zales daudzuma palielinasanai uz spékbaribas
rékina janotiek saistiba ar intensivaku taurinziezu
kultiru (abolina, lucernas, galegas) audzeéSanas
paplasinasanu, skabbaribas un siena kvalitates
uzlabosanu un zales lopbaribas gatavosanu visa
gada patérinam.

Seviski jauzsver zales lopbaribas kvalitates
uzlabosanas nepiecieSamiba. Bez §T nosacijuma
neblis iespEjama augstrazigu govju racionala
&dinasana.

Var likties, ka vienkarsak ir paaugstinat govju
produktivitati, palielinot spEkbaribas devas, neka
ilgstosi riipeties par zalaju razibu un kvalitativas
skabbaribas, skabsiena un siena sagatavosanu. Tacu
parak augsts spekbaribas Tpatsvars neatbilst govs ka
atgremotajdzivnieka fiziologijai un ir ekonomiski
neizdevigaks par zales baribas izmantoSanu.

Péc  Viskonsinas  Universitates  zinatnieku
aprékiniem (Nutrition ..., 1994) zales baribas
kvalitate butiski ietekm@é nepieciesamo spekbaribas
daudzumu un iesp&jamo izslaukumu (5. tabula). Ja
govim ar izslaukumu Iidz 10 kg un cietstavosajam
govim spékbariba vairak nepiecieSama mineralvielu
un vitaminu apgadei, tad talakai produktivitates
paaugstinasanai Iidz 20-30 kg diennaktt izedinataja
spekbaribas daudzuma starpiba starp sliktas un augstas
kvalitates zales baribu sasniedz jau 7 kg diennakti.
Bet iegtt 40 kg un vairak piena ar sliktas un ari
vidgjas kvalitates skabbaribu un sienu, neparsniedzot
fiziologiski pielaujamas spekbaribas devas (aptuveni
3 kg uz 100 kg dzivmasas), nav iesp&jams.

Latvijapasreizgjasituacija,kad vidgjaisizslaukums
no govs tikai tuvojas 5000 kg robezai un spekbaribas
patsvars veido 32% no baribas devas energétiskas
vertibas, tilpumainas un spékbaribas attiecibas var
uzskatlt par normalam, ieskaitot iesp&jas palielinat
kvalitativas zales baribas daudzumu. Tas arT atbilst
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jau pieminétajiem agroekonomiskajiem apstakliem
Latvija (Latvietis, 1999; Kirila, 2002; Adamovics
u.c., 2005). Problémas sagada tikai zales lopbaribas
kvalitate.

Tacu tajas saimniecibas, kur ganampulka raziba
parsniedz 8000 kg piena no govs laktacija, bet
atseviskam govim laktacijas sakuma sasniedz 40—
50 kg diennakti, jarekinas ar ievérojami augstaku
spekbaribas un zemaku tilpumainas baribas
patsvaru. Sada situacija govis tiek paklautas
zinamam riskam izraisit gremoSanas vai citus
fiziologiskas dabas traucgjumus (spurekla vides
skabuma palielinaSanos, apetites zudumu un tai
sekojosas produktivitates kritumu, tauku satura
samazinasanos piena u.c.).

Jautajuma par spekbaribas Itmena kritisko robezu
govju baribas devas zinatnieku viedokli daudz
neatSkiras. Babkoka Starptautiska piena lopkopibas
zinatniska institita (Viskonsinas Universitate, ASV)
lidzstradnieki savos baribas devu aprékinos govim
ar 40-50 kg izslaukumu tilpumainas un spekbaribas
attiecibas baribas sausna pielauj procentuali attiecigi
ka 45-50 un 55-60 (Nutrition ..., 1994). Savukart
Zinatniska institita ,,Sigra” (Sigulda, Latvija)
pétnieki (O$mane u.c., 2006), atsaucoties uz Eiropas
Savienibas kontroles institiciju prasibam, S§is
attiecibas iesaka 50% un 50% robezas.

Maksimalo  spékbaribas devu  noteikSana
slaucamam govim var orient€ties ari péc citiem
kriterijiem. Ta, par kritisko robezu tiek uzskatita
400 g spekbaribas, rékinot uz kilogramu piena, 3.0—
3.2% no govs dzivmasas un 65% no baribas devas
energ@tiskas vertibas. Pargjais baribas daudzums
deva javeido no izcilas kvalitates skabbaribas, siena
un vasara ar1 no zalbaribas. Baribas devas pilnigakai

veida. Tacu jebkura gadijuma ekonomisko apsveérumu
un piena pasizmaksas minimaliz€Sanas noltika zales
baribai dodama prioritate. It Tpasi tagad, kad graudu
un citu spekbaribas lidzeklu cenas p&dgja gada laika
palielinajusas gandriz pusotrkartigi.
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Lopbaribas raksturojums piena izmaksu aspekta

Secinajumi

1.

Stavoklis piena lopkopiba sak stabilizeties:
govju skaita samazinas$anas tendence tikpat ka
apstajusies, ta tieck kompenséta ar produktivitates
paaugstinasanos, un piena kopieguve valsti
saglabajas 800 000 tonnu robezas. Piena
realizacijas cena sasniegusi ES valstu [imeni, un
nav sagaidama tas biitiska palielinaSanas.
Problémas rada piena razoSanas izmaksas — tas ir
augstas un apdraud Latvijas konkurétsp&ju ES un
citu valstu tirgi.

Viens no piena razoSanas liclo izmaksu
noteicoSajiem c€loniem ir baribas partérins, kas
sasniedz 13%, un lopbaribas augstas izmaksas
(vidgji Ls 300 latu govij gada).

Baribas partérinu galvenokart izraisa proteina
deficits, kas parsniedz 10% no v&lama, bet
baribas augsto izmaksu pamata ir darga lopbariba
(spekbariba, piedevas).

Proteina deficita segSanai un baribas izmaksu
samazinasanai izdevigaka ir zales lopbariba, kas
ir [étaka un ir izmantojama ka vasaras, ta ziemas
perioda.

Zales lopbaribas patsvara paliclinasana govju
&dinasana no 63 lidz 68% palielinatu proteina
saturu baribas sausna no 14.6 Iidz 15.7% un
samazinatu baribas izmaksas piena razoSanai par
3% jeb Ls 8.50, rekinot uz govi gada.
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Kontroles dienas modela pielietoSana piena Skirnu vaislas bullu
genétiskaja novertesana
Genetic Evaluation of Dairy Sires Using a Test Day Model

Rita Sarma
LLU Agrobiotehnologijas instittts
Institute of Agrobiotechnology, LLU
e-mail: Rita.Sarma@ldc.gov.lv

Abstract. Estimated breeding values (EBV) of all study groups showed the largest variation for three productivity
traits when fixed district-test day effect was included in the model. Estimated breeding values were obtained
in range from -921 to 1368 kg (1st lactation) and from -1014 to 1966 kg (three lactations) with average values
from 27 to 28 kg (1st lactation) and from 62 to 64 kg (three lactations) for milk yield; from -38.0 to 83.6 kg (1st
lactation) and from -40.8 to 93.6 kg (three lactations) with average values of 0.8 kg (1st lactation) and from 2.1
to 2.4 kg (three lactations) for fat yield; from -23.9 to 46.6 kg (1stlactation) and from -33.7 to 59.9 kg (three
lactations) with average values from 0.8 to 0.9 kg (1st lactation) and from 1.9 to 2.0 kg (three lactations) for
protein yield. EBV of milk yield and protein yield showed significant differences between lactation groups and
three lactation groups where different fixed herd-test day or fixed district-test day effect was included in the model
(p<0.01). The average reliabilities of EBV were in range from 70 to 82%, from 69 to 81%, and from 72 to 83%,
respectively for milk, fat, and protein yield according to the test day model. These values are lower by 3 to 15%

for milk yield, by 3 to 18% for fat yield, and by 9 to 20% for protein yield using lactation model.

Key words: test day model, breeding value.

Ievads

Produktivitates pazimes nosaka liels un nezinams
génu skaits, tade] to analiz€Sanai nepiecieSami
matematiskie modeli, kuri apraksta pazimes
fenotipisko vértibu. Kontroles dienas modeli (KDM)
interesi ieguvusi, pateicoties to eclastibai, — tos
iespgjams izmantot dazadas parraudzibas sist€émas.
Kontroles dienas modelu izmantoSanai ir daudz
prieksrocibu: 1) precizaka islaicigo kontroles dienas
(KD) vides ietekmes faktoru novértésana, modelt
iecklaujot noteiktas parraudzibas dienas ietekmi (Ptak,
Schaeffer, 1993; Swalve, 1998, 2000; Reents et al.,
1998; Mrode et al., 2000; Jensen, 2001); 2) laktacijas
kontroles dienas, nevis 305 dienu, produktivitates
raditaju izmantoSana (Ptak, Schaeffer, 1993; Swalve,
2000; Jensen, 2001); 3) genctiskas noveértéSanas
drosiba govim (4 Iidz 8% robezas) un vaisliniekiem
uzlabojas, palielinoties to meitu kontroles dienas
raditaju skaitam (Ptak, Schaeffer, 1993; Schaeffer
et al, 2000); 4) piena parraudzibas izmaksu
samazinasana (Ptak, Schaeffer, 1993: Swalve, 1998;
Swalve, 2000); 5) paaudzu intervala samazinasana,
veicot biezaku genétisko noveértéSanu no pedgjiem
datiem un iegustot atraku genétisko noveértgjumu
(Swalve, 2000); 6) ar kontroles dienas modeli var
modelét katrai govij (izmantojot randomas regresijas
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modeli) vai govju grupai (izmantojot fiks&tas
regresijas modeli) atsevisku laktacijas liknes formu
(Jamrozik et al., 1997; Mrode et al., 2002; Bormann
et al., 2003); 7) kontroles dienas modelis pielauj
genétiskas noveértéSanas iesp&ju laktacijas liknes
vienméribai (Jamrozik etal., 1997; Mrode et al., 2002;
Jensen, 2001); 8) optimala informacijas izmantoSana
par visam kontroles dienam, Tpasi laktacijas, kuras ir
gars$ periods no atnesanas Iidz pirmajai kontrolei vai
starp divam kontrolém, ka arT stabilakas vaislas bullu
ciltsvertibas starp noveért§jumiem un bullu meitu
laktacijas Itknu gendtisko atSkirtbu uzskaitiSana
(Swalve, 1995; Wiggans, Goddard, 1997; Pool,
Meuwissen, 1997; Swalve, 2000).

Tapat literatira noraditi kontroles dienas
raditaju izmantoSanas trikumi: 1) nepiecieSsamiba
uzglabat katras govs individualas kontroles dienas
produktivitates raditajus (Ptak, Schaeffer, 1993); 2)
kontroles dienas raditaju izmantoSana statistiskajos
modelos ievérojami palielina novértéjamo parametru
skaitu un analiz€jamo datu apjomu, kas palielina
aprékinu veikSanas laiku (Ptak, Schaeffer, 1993;
Reents et al., 1998; Jensen, 2001; Lidauer et al.,
2003); 3) IidzinieCu grupu defing$ana, balstoties
uz ganampulka—kontroles dienas faktoru, modeli
jauzskaita daudz lielaks pakapju skaits salidzinajuma
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ar ganampulka—gada—sezonas klasifikaciju, ko parasti
lieto laktacijas modelt (Reents et al., 1998), un lidz
ar to pienemto kontroles dienas modela veidu bieZi
dikt€ pieejamie datorresursi (Lidauer et al., 2003).
Pamatojoties  uz  literatira  publicétajiem
rezultatiem, par darba galveno mérki izvirzita govju
piena kontroles dienas datu izmantoSanas iesp&ju
parbaude produktivitates pazimju ciltsvertibu
novertésana. Darba pamatota nepiecieSamiba ieviest
Latvija jaunakas ciltsvértibu novertésanas metodes.

Materials un metodika

P&tfjumam izmantoti parraudzibas dati no valsts
agenturas ,,Lauksaimniecibas datu centrs”, kas veic
piena $kirnu liellopu genétisko novértésanu.

Paraugkopu veido 23 949 Latvijas briinas Skirnes
slaucamas govis, kas bijusas 647 bullu meitas (bullim
vid&ji 37 meitas). PEtfjuma lielakai dalai govju (90%)
icklauti pirmas laktacijas kontroles dienas raditaji,
bet 59% un 37% govju — attiecigi 2. un 3. laktacijas
kontroles dienas raditaji. Kopgjais kontroles dienas
raditaju skaits ir 362 043, no kuriem 49% ir pirmas
laktacijas, 32% — otras laktacijas, un 19% — tresas
laktacijas raditaji. Slaucamas govis izvElétas péc
nejausibas principa no visiem Latvijas regioniem: no
1849 ganampulkiem (vidgji 13 govis ganampulka) un
400 pagastiem (vidgji 60 govis pagasta).

Kontroles dienas dati pétijuma ieklauti no 5.
lidz 380. slaukSanas dienai. Maksimalais pétijuma
ieklauto kontrolu skaits ir 1 1. Pettjuma ieklautas govis

atnesusas laika perioda no 1995. Iidz 2004. gadam.
2004. gada atnesusies lielaka dala govju (28%), bet
22% govju atne$anas registréta laika no 1995. lidz
2000. gadam. Lielakais registréto kontrolu skaits
(24%) ir govim, kas atnesusas 2003. gada. Govim,
kas atnesusas no 1995. Iidz 2000. gadam, kontroles
veido 24% no kopgja skaita.

Galvenie nosacTjumi govs ieklauSanai pé&tijuma
bija atbilstoss skirnes nosaukums (Latvijas briind) un
zinama izcel$anas informacija vismaz viena paaudze
(tévs un mate), ja abi vecaki pieder pie sarkano skirnu
grupas. Ta ka petijuma izmantots dzivniecka modelis,
kur§ novertg§juma lauj ieklaut visu informaciju par
dzivnieka radiniekiem, kopgjais pétijuma ieklauto
dzivnieku skaits bija 42 747, no kuriem 56% bija
slaucamas govis ar kontroles dienas produktivitates
raditajiem.

Kopuma kontroles dienas dati izmantoti par
647 vaislas bullu meitam, bet, nemot véra petijjuma
ieklauto izcelSanas informaciju Iidz divam priekstecu
paaudzém, ciltsvértibu novert§jums iegiits pavisam
par 687 vaislas bulliem. Lielaka dala bullu (98%)
pieder pie 5 skirném: Latvijas brina (LB), Danijas
sarkana (DS), Vacijas sarkana (AN), Zviedrijas
sarkanraiba (ZS) un HolSteinas sarkanraiba (HS).
Lielako ipatsvaru veido LB, DS un AN skirnes bulli,
attiecigi 56%, 18% un 14%, ka arT bulli, kas dzimusi
no 1980. Iidz 1989. gadam (40%), no 1990. lidz 1992.
gadam (19%) un no 1995. lidz 1997. gadam (17%).

Darba gaita izveidotas astonas petijumu grupas
(1. tabula). Petijuma 1.1. lidz 1.4. grupa pielietoti

1. tabula / Table 1

Fikseto faktoru gradaciju klases pétijumu grupas
Gradation classes of fixed factors in research groups

Fiksétais faktors /

Pirmas laktacijas grupa /
1st lactation group

Tris laktaciju grupa /
Three lactation group

Fixed factor

1.1. 1.2. 1.3. 1.4, 3.1 3.2. 3.3. 3.4,
1. faktors / 1st factor GKD PKD GKD PKD GKD PKD GKD PKD
2. faktors / 2nd factor klasSu skaits / number of classes
Atne_sanés gads / 2 2 3 3 2 2 3 3
Calving year
Atngsanés sezona / 5 5 5 5 5 9 5 5
Calving season
Atne_sanﬁs vecums / 5 9 3 3 3 3 5 5
Calving age
Starpatne_:sanés intervals / 3 3 5 5 3 3 5 5
Calving interval
Laktacijas liknes / 24 2 90 9 108 108 450 450

Lactation curves

GKD - fiksgtais ganampulka—kontroles dienas faktors / fixed herd-test day effect
PKD - fiksétais pagasta—kontroles dienas faktors / fixed district-test day effect
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tikai pirmas laktacijas raditaji ar fikséto ganampulka—
kontroles dienas faktoru 1.1. un 1.3. grupa (fiksetais
laktacijas liknu skaits attiecigi 24 un 90) un fikséto
pagasta—kontroles dienas faktoru 1.2. un 1.4. grupa
(fiksetais laktacijas ltknu skaits attiecigi 24 un 90).
Petfjuma 3.1.-3.4. grupa pielietoti pirmo tris laktaciju
kontroles dienas raditaji ar fikséto ganampulka—
kontroles dienas faktoru 3.1. un 3.3. grupa (fiks€tais
laktacijas liknu skaits attiecigi 108 un 450) un fikséto
pagasta—kontroles dienas faktoru 3.2. un 3.4. grupa
(fiksetais laktacijas liknu skaits attiecigi 108 un 450).

Kontroles dienas raditaji laktacija uzskaititi ka
atkartoti merjumi, tadel petijjuma lietots fiksetas
regresijas kontroles dienas modelis, kura laktacijas
likne wuzskaitita, izmantojot fiksétas regresijas
koeficientus attieciba uz slaukSanas dienu skaitu (Ali,
Schaeffer, 1987):

Yym = R+ (GKD, vai PKD) + AVGIS, +
+b,,(D/c) +b,,(D/c)* + b,,In(c/D) +

+b,,[In(c/D)]* + a T pe T € (M
kur
Yijn ~ j-tas  govs kontroles dienas
fenotipiska vertiba;
u — generalkopas vidgja vertiba;

GKD, - fiksetais  ganampulka—kontroles
dienas vai

PKD, - fiksétais pagasta—kontroles dienas
faktors;

AVGIS, - fiksetais faktors;

b, b, — (D/c) attiecibas linearas un
kvadratiskas ietekmes regresijas
koeficienti, kur D ir slaukSanas
diena laktacija un ¢ — konstanta
vertiba (¢ = 380);

b, b,, — In(c/D) linearas un kvadratiskas

ietekmes regresijas koeficienti;
a — dzivnieka  randomais aditivi
genétiskais faktors (ciltsvertiba);

pe, - randomais permanentais  vides
faktors;

€ ~ atlikumaietekmes faktori(gadijuma
kluda).

Fiksetais AVGIS, faktors define laktacijas
likni noteiktai govju grupai, nemot véra laktacijas—
atnesanas vecuma—atneSanas sezonas—starpatnesanas
intervala—atneSanas gada faktorus, ja novertéSana
izmantoti vairaku laktaciju raditaji, vai atneSanas
vecuma-—atnes$anas sezonas—starpatnesanas intervala—
atneSanas gada faktorus, ja noverté€Sana izmantoti
vienas laktacijas raditaji.

Latvija no 2002. gada piena Skirnu liellopu
noveértéSana izmantoja BLUP dzivnieka—laktacijas
modeli, tade] iegttie kontroles dienas modela
ciltsveérttbu  novertéSanas  rezultati  salidzinati
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ar atbilstoSiem S$ada laktacijas modela (LM)
rezultatiem:
Yijimn = hys; + 1aj +av +si+ Bjam *
+ Pijiim + Cijimn » ()
kur
Yikn ~ j-tas  govs kontroles dienas
fenotipiska vertiba;
Yiamn ~ laktacijas produktivitates raditajs;

hys, — fiksgtais ganampulka—gada—
sezonas faktors;
Iaj — fiksétais laktacijas faktors;
av, — fiksetais atneSanas vecuma grupas
faktors;
— fiks@tais starpatneSanas intervala

si,  grupas faktors;
B randomais  aditivi ~ genétiskais
dzivnieka faktors;
Pyum — randomais  permanentais  vides
faktors;
€um — randomais  atlikuma ietekmes
faktors.
Datu statistiska apstrade veikta, izmantojot

SAS programmattru (The Little SAS Book, 1995).
Specializéta datorprogramma PEST (Groeneveld,
1990) izmantota ciltsvertibu noveértgjuma iegtsanai
un prognozetas kliidas dispersijas aprékinasanai.

Rezultati

Noverteta ciltsvertiba (NCV) ir dzivnieka
genétiskas vertibas mérs. Pétljuma ieglits 687 valsts
ciltsgramatas (VCQ) bullu ciltsvertibu novertgjums,
atseviski nodalot 278 bullu grupu, kuriem visu
pazimju novért§juma drosiba (REL, %) ir vismaz
50%.

Valsts ciltsgramata uzgemto vaislas bullu vidgjie
novertéto ciltsvertibu rezultati pazimei ,,izslaukums”,
izmantojot dazadus modeli ieklautos faktorus, ir
apkopoti 2. tabula.

Rezultati liecina, ka augstaki vidgjo ciltsvertibu
novertejumi un standartkliidas abas laktaciju grupas
iegtiti, modell ieklaujot pagasta—kontroles dienas
(PKD) faktoru, attiecigi 28 + 11.7 kgun 27 £ 11.6 kg
pirmas laktacijas grupa un 64 + 16.2 kgun 62 + 16.3
kg tris laktaciju grupa. Turklat abas laktaciju grupas
augstakus vidgjos raditajus un standartkliidas ieguva,
ja defingto laktacijas Iiknu skaits bija lielaks.

Tapat Sajas grupas iegiita arT lielaka izkliede
starp novertétajam ciltsvertibam, zemako izkliedes
intervala raditaju uzradot 1. laktacijas grupa (no
1777 kg Iidz 2289 kg), bet augstako — tris laktaciju
grupa (no 1926 kg Iidz 2970 kg), kur salidzinajuma
ar ganampulka—kontroles dienas (GKD) faktoru
augstaki raditaji ieghiti petijumu grupas ar ieklauto
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2. tabula / Table 2

Bullu novertetas ciltsvertibas pazimei ,,izslaukums”, kg
Estimated breeding values of bulls for the trait “milk yield”, kg

n =687

n =278, REL = 50%

Pé&tijumu grupa /
Research group

ciltsvértibu izkliede /

X Sk breeding value variation X & S:
1.1. 10+£9.4? 1777 42+19.9
1.2 28+ 11.78 2243 84 £24.0
1.3. 12+9.42 1825 47 £20.0
1.4. 27 +£11.6° 2289 81£23.9
3.1 6+10.1%® 1948 26 +20.8
3.2. 64 +16.2%® 2947 191 £29.6
3.3. 7 +10.2% 1926 29+21.0
3.4. 62 + 16.3% 2970 188 +£29.8

a

— ciltsvértibam ar vienadiem augsrakstiem ir statistiski ticama atSkiriba pirmas laktacijas un tris laktaciju pétijjumu

grupas (p<0.01; p<0.05) / breeding values with similar superscripts differ significantly in research groups of first

lactation and three lactations (p<0.01; p<0.05)
b, ¢

— ciltsveértibam ar vienadiem augSrakstiem ir statistiski ticama atSkiriba pirmo tris laktaciju pétijjumu grupas

(p<0.01; p<0.05) / breeding values with similar superscripts differ significantly in research groups of first three

lactations (p<0.01; p<0.05)

pagasta—kontroles dienas faktoru. Novertg§jumu
mazak ir ietekmgjis tie$i modeli icklautais laktacijas
liknu skaits.

Izvertejot 278 bullu novertetas ciltsvertibas,
kur pazimju drosibas noveért€jums ir vismaz 50%,
vidgja vertiba novertétajam ciltsvertibam ir augstaka,
salidzinot ar 687 bullu grupas raditaju: pirmas
laktacijas grupa — par 32 lidz 56 kg, bet pirmo tris
laktaciju grupa — par 20 Iidz 127 kg.

Biitiskas atskiribas pazimei ,,izslaukums” iegtitas
starp abu laktacijas grupu novertetajam ciltsvertibam,
ka arT starp tris laktaciju grupas ciltsvertibam, kad
modelt ieklautais ganampulka—kontroles dienas vai
pagasta—kontroles dienas faktors ir bijis atskirigs
(p<0.01).

Pazimei ,,tauku daudzums” novertétas ciltsvertibas
rezultati rada, ka vidgjais ciltsvertibu novertgjums un
standartkltidas viena laktaciju grupa neatskiras, ja
modelt ir atSkirigs defingto laktacijas Iiknu skaits, bet
neatSkiras modela fiks@tais ganampulka—kontroles
dienas vai pagasta—kontroles dienas faktors (3.
tabula).

Zemakie un augstakie vidgjie raditaji iegliti pirmo
tris laktaciju grupa: ar zemakajam novertétajam
ciltsvértibam, ja modeli ieklauts ganampulka—
kontroles dienas faktors (0.2 kg), un augstakajam
novertétajam ciltsvertibam, ja modell ieklauts
pagasta—kontroles dienas faktors, un definéto
laktacijas liknu skaits attiecigi ir 108 (2.1 kg) un 450
(2.4 kg).
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Lidzigi rezultati iegiiti pirmas laktacijas grupa,
kur zemakas vértibas bija grupa ar modeli ieklauto
ganampulka—kontroles dienas faktoru (attiecigi 0.3 +
0.42 kg, ja definéto laktacijas liknu skaits bija 24,
un 0.4 + 0.42 kg, ja definéto laktacijas liknu skaits
bija 90), bet augstakas veértibas — ar modeli icklauto
pagasta—kontroles dienas faktoru (attiecigi 0.8 + 0.50
kg).

Mazaka novértéto ciltsveértibu izkliede (101.8
kg) pazimei ,tauku daudzums” starp zemakajam un
augstakajam vertibam bija pirmas laktacijas grupa
ar modeli icklauto ganampulka—kontroles dienas
faktoru un 24 definétajam laktacijas likném, bet
lielaka izkliede (132.4 kg) tika iegita tris laktaciju
grupa ar modeli ieklauto pagasta—kontroles dienas
faktoru un 108 defin&tajam laktacijas [tkném. Lidzigu
izkliedi ieguva starp visam laktaciju grupam, esot
dazadam defingto laktacijas liknu skaitam, ja modeli
bija ieklauts ganampulka—kontroles dienas (no 101.8
kg pirmas laktacijas grupa [idz 104. 6 kg trTs laktaciju
grupa) vai pagasta—kontroles dienas (no 119.7 kg
pirmas laktacijas grupa lidz 132.4 kg tris laktaciju
grupa) faktors.

Vaislas bulliem ar vismaz 50% lielu novértejuma
drosibu visas pétijumu grupas ir iegiitas par 0.6 lidz
5.0 kg augstakas vidEjas novéertétas ciltsvertibas
pazimei ,tauku daudzums”, salidzinot ar 687 bullu
grupas raditaju. Pirmaja laktacijas grupa iegiitas
izlidzinatakas novertétas ciltsveértibas — augstakas
par 1.1 lidz 2.0 kg. Savukart tris laktaciju grupa
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3. tabula / Table 3

Bullu novertétas ciltsvértibas pazimei ,,tauku daudzums”, kg
Estimated breeding values of bulls for the trait “fat yield”, kg

n= 687

n =278, REL =50%

Peétfjumu grupa /
Research group

ciltsvértibu izkliede /

X+ 5 breeding value variation X + 55
1.1. 0.3+0.42 101.8 1.4+£0.94
12 0.8+0.50 119.7 2.8+1.08
1.3. 0.4+042 104.2 1.6 +£0.94
1.4. 0.8+0.50 121.0 2.8+1.08
3.1 0.2+0.46 104.6 0.8 +0.99
3.2. 2.1+0.69 132.4 6.7+1.32
3.3. 0.2+0.47 102.5 1.0£0.99
3.4. 24+0.72 1314 7.4+1.35

4. tabula / Table 4

Bullu novertétas ciltsvertibas pazimei ,,olbaltumvielu daudzums”, kg
Estimated breeding values of bulls for the trait “protein yield”, kg

P / n =687 n =278, REL=50%

clijjumu grupa

Research groun _ ciltsvartibu izklicde / _

X £ S breeding value variation X £ S

1.1. 0.3+£0.27° 57.8 0.9+0.56
1.2 0.9 + 0.342 70.3 2.0+0.67
1.3. 0.3+£0.27° 58.3 1.0£0.56
14, 0.8 £0.34° 70.5 2.0+0.67
3.1 0.1 £0.30%® 68.9 0.7+£0.59
3.2. 1.9 £0.49%® 91.7 5.5+0.84
3.3. 0.2 £ 0.34% 74.6 0.8+0.62
3.4. 2.0 £0.50% 93.6 5.9+0.87

a b.¢ _ paskaidrojumam skat. 2. tabulu / for explanation see Table 2

ciltsvértibu noveértgjums starp bullu grupam bija
atSkirigaks: augstaks par 0.6 un 0.8 kg grupa ar modelt
icklauto ganampulka—kontroles dienas faktoru un
augstaks par 4.6 un 5.0 kg grupa ar modeli icklauto
pagasta—kontroles dienas faktoru.

Pazimei ,olbaltumvielu daudzums” vaislas
bullu novertéto ciltsvertibu vidgjie raditaji apkopoti
4. tabula. Pazimes vid€jo novertéto ciltsvértibu,
lidzigi ieprieks€jam pazimém, ir ietekmgjis modelt
icklautais fiksétais ganampulka—kontroles dienas vai
pagasta—kontroles dienas faktors, salidzinot rezultatus
starp dazadam laktaciju un definéto laktacijas Itknu
grupam. Zemakie un augstakie vidgjie raditaji iegiiti
pirmo tris laktaciju grupa, attiecigi 0.1 un 0.2 kg ar
modeli icklauto fikséto ganampulka—kontroles dienas
faktoru un 1.9 un 2.0 kg ar modeli ieklauto fikséto
pagasta—kontroles dienas faktoru, abos gadijumos ar
dazadu definéto Iiknu skaitu.
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Minimalas un maksimalas novertétas ciltsvertibas
ar lielaku diapazonu iegitas pirmo tris laktaciju
grupa, attiecigi no -37.3 kg lidz +59.9 kg, kas Saja
grupa novértéjuma izkliedi veido no 68.9 lidz 93.6
kg. Mazaka novértéjuma izkliede (57.8 lidz 70.5 kg)
iegilita pirmas laktacijas grupa, kur minimala vértiba
bija -28.3 kg, bet maksimala — 46.6 kg. Tapat starp
abam laktacijas grupam iezimgjas tendence lielaku
novertéto ciltsvertibu izkliedi ieglit grupas, kuru
modeli icklauts fiksCtais pagasta—kontroles dienas
faktors (attiecigi 70.3 un 70.5 kg pirmas laktacijas
grupa un 91.7 un 93.6 kg pirmo tris laktaciju grupa).

VCG bullu grupai ar vismaz 50% lielu novértéto
ciltsvértibu drosibu vid€jais novertgjums visas
pétijumu grupas bija par 0.6 lidz 3.9 kg augstaks,
salidzinot ar noveértSjumu, kuru ieguva 687 VCG
bullu grupai. Abas laktaciju grupas vid&jais novertcto
ciltsvertibu raditajs bija augstaks par 0.7 Iidz 1.0
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kg, kad modeli bija ieklauts ganampulka—kontroles
dienas faktors neatkarigi no definéto laktacijas Itknu
skaita. Modeli ieklaujot pagasta—kontroles dienas
faktoru, iegtitas novertetas ciltsvertibas videji bija
2.0 kg pirmas laktacijas grupa un 5.5 un 5.9 kg
pirmo tris laktaciju grupa, kas attiecigi ir par 1.1-1.2
kg un 3.6-3.9 kg vairak neka kopg&ja bullu grupa
(n=0687).

Pazimei ,,olbaltumvielu daudzums” ciltsvértibu
novertejums iegiits ar statistiski biitiskam atskirtbam
starp dazadam laktacijas grupam un tris laktaciju
grupa, kad modell bija ieklauts atSkirigs fiks€tais
ganampulka—kontroles dienas vai pagasta—kontroles
dienas faktors (p<0.01).

Arl Pauras (1999) pétijuma noradita pagasta
faktora ietekme uz produktivitates pazimju
noveértgjumu salidzinajuma ar ganampulka faktoru,
nemot véra ganampulka lielumu Latvijas apstak]os.

P&tijumos noradits, ka pirmo trs laktaciju raditaju
ieklausana kontroles dienas modeli ir v€lama, jo otras
un vecako laktaciju raditaji, salidzinot tikai ar pirmo
laktaciju, nodroSina daudz pilnigaku informaciju par
dzivnieka muza produktivitati. Tomér tas var butiski
ietekmét dzivnieku rangu izmainas, ja ieprieks
izmantoti tikai vienas laktacijas raditaji (Powell,
Norman, 1981; Mostert, 2007).

Mostert et al. (2006) pétfjuma, kura pielietots
fiksetas regresijas kontroles dienas modelis, parak
augstus novertgjumus ieguvusi vecakie vaislinieki,
1pasi tie, kuri dzimuSi 80. gados un tikuSi plasi
izmantoti, bet kuru matém un citam radnieciskajam
govim nav uzkrati kontroles dienas raditaji un kuriem
nav aktivo p&cnacgju ar kontroles dienas raditajiem.
Talakajos Mostert (2007) fiksétas regresijas kontroles
dienas modela p&tijumos noradits, kamodelaievieSana
nav devusi butiskas izmainas dzivnieku rangos, bet
iegiitas buitiskas atskirbas atseviSku dzivnieku, ka ar1
visjaunako vaislinieku ciltsveértibam.

Ciltsvertibu novertgjuma precizitates izteikSanai
izmanto drosibas raditaju (REL), kas parada modela
pielagosanu datiem un ko parasti izsaka procentos.

Ta ka Latvija pédgjo gadu laika oficialaja
noveértéSana izmantoti laktaciju 305 dienu razibas
raditaji, petijuma iegitie kontroles dienas modela
drosibas raditaji salidzinati ar atbilstoSiem laktacijas
modela rezultatiem. SalidzinaSanai izmantoti 2005.
gada 1. ceturk$pa oficialie novertgjuma rezultati, jo
§1s noverteéSanas datu masivs atlasits vienlaicigi ar
petijuma izmantoto datu masivu. Vid&jais grupas
raditajs aprekinats no 382 bulliem, kuriem novertésana
bija ieklautas vismaz 10 meitas ar laktacijas 305 dienu
produktivitates raditajiem. Kontroles dienas modelt
ieklautais meitu skaits vidgji ir par 7 meitam lielaks
salidzinajuma ar laktacijas modeli. Bullu vidgjie
raditaji aprékinati arT pa to dzimSanas gada grupam.
Vislielako grupu veido I1idz 1990. gadam dzimusie bulli
(n = 188). Siem bulliem kontroles dienas modela un
laktacijas modela novertésana ir tikai 1 meitas starpiba,
jo kontroles dienas datu rezultati elektroniska veida
ir uzkrati, sakot no 1995./1996. gada. Jaunako bullu
grupa §T starpiba ir vislielaka — 41 meita.

Izmantojot kontroles dienas raditajus, pazimei
»izslaukums” drosibas raditajs ieglts vidgji par 3
lidz 15% augstaks. Sai pazimei lielaka starpiba starp
dazadu modelu novertgjumiem iegiita, kontroles
dienas modelti ieklaujot fiks€to pagasta—kontroles
dienas faktoru (5. tabula). Laktacijas modela grupa
vidgjie drosibas novértéjumi dazadas vecuma grupas
ieguti izlidzinataki — 65-69%, savukart kontroles
dienas modela grupa — no 68% vecako bullu grupa
l1dz 88% jaunako bullu grupa.

Dazada vecuma bullu grupas mazaka starpiba
starp dazadu modelu droSibas novertgjumiem
iegtita vecako bullu grupa. Kontroles dienas modelt
ieklaujot ganampulka—kontroles dienas faktoru,
vid&jais droSibas novértgjums iegiits par 1% mazaks,

5. tabula / Table 5

Drosibas raditaja novértéjums pazimei ,izslaukums”
Estimated reliabilities of the trait “milk yield”

Drosiba / Reliability, %

Dzims$anas gads /
n KDM

KDM KDM KDM

Birth year (3.1) (3.2) (33) (3.4) LM
Lidz / Until 1990 188 68 80 68 81 69
1991 — 1993 73 71 84 71 84 65
1994 — 1997 99 69 82 69 82 66
1998 — 1999 22 80 88 80 88 66
Vidgji / Average 382 70 82 70 82 67

KDM - kontroles dienas modelis / test day model
LM - laktacijas modelis / lactation model
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6. tabula / Table 6

Drosibas raditaja novertéjums pazimei ,,tauku daudzums”
Estimated reliabilities of the trait “fat yield”

Drosiba / Reliability, %

Dzimsanas gads /

Birth year n KDM KDM KDM KDM LM
(3.1) (3.2) (3.3) (34)

Lidz / Until 1990 188 67 79 67 79 65
1991 - 1993 73 70 82 70 83 61
1994 — 1997 99 68 80 68 81 62
1998 — 1999 22 79 87 79 87 61

Vidgji / Average 382 69 80 69 81 63

KDM - kontroles dienas modelis / test day model
LM - laktacijas modelis / lactation model

7. tabula / Table 7

Drosibas raditaja novertéjums pazimei ,,olbaltumvielu daudzums”
Estimated reliabilities of the trait “protein yield”

Drosiba / Reliability, %

Dzimsanas gads /

. n KDM KDM KDM KDM
Birth year (3.1) (3.2) (3.3) (3.4) LM
Lidz / Until 1990 188 70 82 75 80 65
1991 - 1993 73 73 85 78 84 61
1994 — 1997 99 71 83 75 82 62
1998 — 1999 22 81 89 84 88 62
Vidgji / Average 382 72 83 76 82 63

KDM - kontroles dienas modelis / test day model
LM - laktacijas modelis / lactation model

bet, ieklaujot pagasta—kontroles dienas faktoru,
novertéjuma vidgja precizitate palielingjas par 11—
12%, salidzinot ar laktacijas modela novértéjumu.
Jaunako bullu grupa §i starpiba attiecigi ir no 14 Iidz
22%.

Starp dazadu modelu drosibas raditajiem pazimei
»izslaukums” statistiski butiskas atSkiribas ieguva,
kad kontroles dienas modeli tika ieklauts pagasta—
kontroles dienas faktors neatkarigi no definéto
laktacijas liknu skaita (p<0.01).

Pazimei ,,tauku daudzums” drosibas novért&jumi
salidzinajuma ar izslaukumu iegiti attiecigi vidgji
par 4% un 1-2% zemaki, izmantojot laktacijas un
kontroles dienas modeli (6. tabula). Turpretim,
salidzinot novértéjumu starp laktacijas un kontroles
dienas modeli, izmantojot kontroles dienas raditajus,
drosibas raditaji iegiiti vid&ji par 6—18% augstaki.
Vecako bullu grupa $1 starpiba bija robezas no 2 Iidz
14%, bet jaunakajiem bulliem drosibas novertéjums
iegiits vidgji par 18-26% labaks.

Kontroles dienas modeli ieklaujot ganampulka—
kontroles dienas faktoru, droSibas novertéjums
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pazimei ,,tauku daudzums” iegiits augstaks vidgji no
2% vecako bullu grupa I1dz 18% jaunako bullu grupa,
salidzinot ar laktacijas modela novertgjumu. Attiecigi
$o novertejumu ieguva par 14 lidz 26% augstaku,
kad kontroles dienas modeli tika icklauts fiksetais
pagasta—kontroles dienas faktors.

Starp dazadu modelu drosibas raditajiem pazimei
Htauku daudzums” statistiski butiskas atSkiribas
ieguva visos gadijumos (p<0.01).

Pazimei ,olbaltumvielu daudzums” vidgjo
drosibas raditaju apkopojums (7. tabula) liecina, ka,
izmantojot kontroles dienas raditajus, vaislas bullu
novertéjuma vidgja drosiba bija no 72 Iidz 83%, kas
ir par 9-20% augstaks neka novertéjums, kas iegits,
izmantojot laktacijas 305 dienu raditajus. Vecako
bullu grupa starpiba starp laktacijas un kontroles
dienas modela novertgjumiem ir 2—14%, bet jaunako
bullu grupa — 18-26%. Lielaka starpiba ar laktacijas
modeli iegiita, kontroles dienas modell icklaujot
pagasta—kontroles dienas faktoru (26%), bet mazaka
(2%), kad modelr tika ieklauts ganampulka—kontroles
dienas faktors.
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Visos gadijumos starp dazadu modelu drosibas
raditajiem pazimeli ,,olbaltumvielu daudzums” iegiitas
statistiski butiskas atskiribas (p<0.01).

Schaeffer et al. (2000) un Lidauer et al. (2000)
secina, ka vaislas bulliem, kuru novertgjuma ir icklauts
liels meitu skaits, arT ar laktacijas modeli var iegiit
augstas precizitates novértétas ciltsvertibas, tadel
kontroles dienas modela priekSrocibas galvenokart
attiecinamas uz bulliem ar nelielu meitu skaitu.

Mostert (2007), analiz&jot fiksStas regresijas
modela pieeju, norada, ka ciltsvertibu drosibas raditajs
kontroles dienas modelt ir sagaidams augstaks neka
laktacijas modeli, jo Tslaicigos vides faktorus modelg,
izmantojot model1 ieklauto ganampulka—kontroles
dienas faktoru. Rezultata ari kontroles dienas modela
ciltsvertibu izkliede sagaidama lielaka.

Secinajumi

Novertétas ciltsvertibas bulliem ar lielaku izkliedi
iegiitas pirmo tr1s laktaciju grupa, ka arT abas laktaciju
grupas, kad fiks&tas regresijas kontroles dienas modelt
ieklauts pagasta—kontroles dienas faktors, kas izsaka
lielakas atSkiribas starp dzivniekiem.

Salidzinajuma ar 1. laktacijas grupu augstaki
noverteto ciltsvertibu drosibas raditaji ieglti pirmo
tris laktaciju grupa (15% lidz 21%), ka arT abas
laktaciju grupas, kad fiksétas regresijas kontroles
dienas modelt bija ieklauts pagasta—kontroles dienas
faktors (1. laktacijas grupa no 3% lidz 5%, pirmo trTs
laktaciju grupa no 6% lidz 13%).

Fiksétas regresijas kontroles dienas modela
izmantoSana, salidzinot ar laktacijas modeli, vaislas
bullu ciltsvertibu novertéjumu lauj iegtt ar augstaku
drosibas pakapi: izslaukumam 3% Iidz 15%,
tauku daudzumam 6% lidz 18% un olbaltumvielu
daudzumam 9% lidz 20%.
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Distribution of Growth Stimulating and Degradation Factors in
Cow Endometrium in Postparturition Period
AugSanu stimuléjoSo un degradacijas faktoru izplatiba
govs endometrija pécdzemdibu perioda
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Institute of Anatomy and Anthropology, Riga Stradins University
Rigas Stradina universitates Anatomijas un antropologijas institats
e-mail: pilmane@latnet.lv

Abstract. The aim of the research was to reveal distribution of the growth stimulating and degradation factors,
inflammatory factors, and neuropeptide-containing innervation, as well as apoptosis in the cow’s endometrium
in postparturition period. Haematoxylin and eosin were used for routine staining of each sample. Matrix
metalloproteinases type 2 and type 9 (MMP-2 un MMP-9, working dilution (w.d.) 1:100, R&D, England),
tumor necrosis factor-o. (TNF-a, w.d. 1:100, Abcam, England), interleukin-10 (IL-10, w.d. 1:400, Abcam,
England), vascular endothelial growth factor (VEGF, w.d. 1:50, DakoCytomation, Denmark), nerve growth
factor receptors p75 (NGFR p75, w.d. 1:150, DakoCytomation, Denmark), and protein gene product 9.5 (PGP
9.5, w.d. 1:1600, DakoCytomation, Denmark) were detected immunohistochemically (IMH). TUNEL method
was used for detection of apoptosis (programmed cells death — PCD). A mild positive correlation (p<0.05) was
observed between amount of inflammatory cells and TNF-a (r=0.52), PCD and TNF-a (r= 0.58), TNF-o and
NGEFR p75 (r=0.51), NGFR p75 and PGP 9.5 (r=0.49), VEGF and PCD (r=0.59), and VEGF and NGFR p75 (r=
0.64). A strong positive correlation (p<<0.01) was observed between TNF-a and VEGF (p<0.01; r=0.72), as well
as between VEGF and NGFR p75 (r=0.64). The research suggests that uterus endometrial tissue degradation
and repairing were in balance during postparturition. The intensity level of tissue repairing process in the cow’s
endometrium was specific for the individual organism, which might be connected with immunity of each of
them.

Key words: cow’s endometrium, matrix degradation factors, growth factors, inflammatory factors.

Introduction

Time after parturition regarding successful
involution is one of the most critical for optimal
function of the reproductive system in the subsequent
lactations and gestation periods (Twardon et al.,
2002). Substantial morpho-physiological changes
occur in uterus tissue, blood vessels, and nerves during
the reproductive cycle and gestation (Zoubina et al.,
1998; Hickey et al., 2003). Insufficient awareness still
persists concerningendometrium changes, distribution
of the growth stimulating factors, and apoptosis in
the cow’s endometrium in postparturition period.
Varied alterations happen exactly in extracellular
matrices (ECM) of the uterus cells regulated by
matrix metalloproteinases (MMP) and other factors
during each reproductive cycle and depending on
the physiological stage (CurryJr and Osteen, 2001).
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These proteolyses regulate composition of ECM by
releasing (making place for) the biologically active
sites on cells’ surfaces (Jacob,2003). Thereby MMP as
zinc-depending endopeptidases provide and maintain
homeostasis of ECM in cells. There are more than 20
members of MMP known in mammals that take part
in ECM degradation in different physiological and
pathological processes (CurryJr and Osteen, 2001;
Kliem, 2006). Genetically determined cells death
termed apoptosis or programmed cells death (PCD)
is one of the homeostatic mechanisms that results in
disposing of tissues from old, defective, deteriorated,
and needless cells (Kliem, 2006).

Inflammatory factors have an important role in
successful involution process, because increased
infiltration of endometrium with inflammatory cells,
like macrophages, lymphocytes, etc., is characteristic
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for postparturition period (EmenpsiHOBa, 1974), as well
as number of inflammatory cells in the endometrium
are closely related with the different stages of the
oestrus cycle (Kaoket, 2003).

Interleukin-10 (IL-10) and tumor necrosis factor-a
(TNF-a) as inflammatory markers take part in
different processes in cow’s uterus in postparturition
period; besides, TNF-a is mentioned to be one of
inductors of apoptosis (Kliem, 2006).

In the uterus tissue nerve fibres, changes in
the amount of protein gene product (PGP 9.5) are
observed in correlation with different biological
processes (Tingaker et al., 2006). Nerve growth
factors (NGF) stimulate alimentation, survival, and
differentiation of the neurons (Davidson et al., 2003;
Wilcox et al., 2004), but innervation is important for
metabolic processes in all types of tissues.

Increased expression of the vascular endothelial
growth factor (VEGF) observed in repairing processes
in tissues is described as a response to hypoxic stimuli
(Scott et al., 1998; Ankoma—Sey et al., 2000).

The aim of the investigation was to find out
presence and distribution of growth stimulating
and degradation factors, as well as qualitative and
quantitative correlations between those factors and
substances in cow endometrium in postparturition
period.

Materials and Methods

Biopsy samples from the cow’s uterus were
taken in winter 2004/2005 on the research and
training farm “Vecauce”. Nine cows were biopsied
twice — in the first and fifth week of postparturition
period. Histological investigations were performed
at the Institute of Anatomy and Anthropology
of Riga Stradins University. Routine staining
with haematoxylin and eosin was performed for
each endometrium sample (Aughey, Frye, 2001).
Immunohistochemically (IMH) were detected: matrix
metalloproteinases type 2 and type 9 (Anti-human
MMP-2 antibody / AF902 and Anti-mouse MMP-9
antibody / AF909, working dilution (w.d.) 1:100,
R&D, England), tumor necrosis factor-o (Rabbit
Polyclonal to TNF-a / ab6671, w.d. 1:100, Abcam,
England), interleukin-10 (Rabbit Polyclonal to IL-10
/ ab34843, w.d. 1:400, Abcam, England), vascular
endothelial growth factor (Anti-human VEGF / M
7273, w.d. 1:50, DakoCytomation, Denmark), nerve
growth factor receptors p75 (Anti-human NGFR p75
/ M3507, w.d. 1:150, DakoCytomation, Denmark),
and protein gene product 9.5 (Polyclonal Rabbit Anti-
PGP 9.5 / Z 5116, w.d. 1:1600, DakoCytomation,
Denmark) (Hsu et al., 1981). TUNEL method was
used for detection of apoptosis (Negoescu et al.,
1998). Distribution of these factors and substances
was determined semiquantitatively by counting
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positive structures in visual fields (0 — occasional,
+ — few, ++ — moderate, +++ — numerous positive
structures). For the data statistical processing the
following methods were used: Student’s t-test,
Wilkinson’s test, and statistical correlation analyses
(Paura, Arhipova, 2002; Arhipova, Balina, 2003).

Results

Distribution of the researched factors in cow’s
endometriuminthefirstand fifth week after parturition
is displayed in Tables 1 and 2, respectively.

A significantly increased number of inflammatory
cells (p<0.01), especially the number of macrophages
(p<0.05), intensity of TNF-a (p<0.01) and VEGF
expressing (p<0.05), as well as amount of NGFR p75
(p<0.05) were observed in cow’s endometrium from
the first up to the fifth week after parturition.

A mild positive correlation (p<0.05) was observed
between amount of inflammatory cells and TNF-a
(r=0.52), number of apoptotic cells and TNF-a (r=
0.58), TNF-a and NGFR p75 (1=0.51), NGFR p75
and PGP 9.5 (=0.49), VEGF and PCD (r=0.59), and
VEGF and NGFR p75 (1=0.64). A strong positive
correlation (p<0.01) was detected between TNF-a
and VEGF containing structures (p<0.01; r=0.72), as
well as between VEGF and NGFR p75 (r=0.64).

Discussion

The intensity of metabolic processes regarding
tissue repairing processes is more intensive in the
fifth week after parturition than in the first week,
because at that time a statistically significant increase
in the number of inflammatory cells is observed in
cow’s endometrium. Infiltration of endometrium
with inflammatory cells has always been observed
in early postparturition period, as a wide spectrum
of microorganisms are found in cow’s uterus after
parturition (3BepeBa, XomuH, 1976; Twardon et al.,
2002; Lewis, 2003).

In the literature, different data are found on the
resumption of cyclicity in dairy cows — in the first
four weeks (Dzenite, Jonins, 1989), and in six up to
seven weeks (Kask et al., 1998; 1999; 2003) after
parturition; whereas increase in infiltration with
inflammatory cells depending on the phase of the
reproductive cycle has been detected only by a few
authors, for example, Kaoket (2003).

Cytokine IL-10, mediator of inflammation,
is released not only by CD4'T cells, but also by
endometrial glandular and epithelial cells (Sallinen
et al., 2000; El-Sherif et al., 2001). Expression of
IL-10 is related to the reproductive cycle phases but
not to inflammatory processes in the uterus, namely,
expression of IL-10 increases in the secretory phase
(Gamo et al., 2007).
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Table 1
Distribution of the growth stimulating and degradation factors, inflammatory factors, and
neuropeptide-containing innervation, as well as apoptosis in the cow endometrium
in the 1st week after parturition

- Apoptotic
Cows  EZg Mmooy o TGS 2@ s Ep 3
hame § g = endometrium = E endorﬁztrium’ é é § % = (6?
Tapa F2/1 3.3£2.73 + - 34.5+£3.20 +H+ o+ = - ++
Esma F3/1 14.7+7.63 - - 25.2+3.15 +H+ + - - +
Dakota Fa/1 13.7+£12.94 + - ++ + - ++ ++
Térvete F5/1 15.0+4.20 ++ - 30.2+5.50 ++ + - + -
Vaida F6/1 23.7+8.36 - - 14.0+0.3 +HH+  + - + +
Okence F7/1 16.5+£2.43 - o + + - - +
Elba F8/1 11.2+7.19 + + . +H+ o+ - + +
Akace Fo/1 27.2+4.02 - +H o ++ + - - +
Loda F10/1 4.8+1.19 4+ - 21.6+28.85 ++ + - - +

Notations: IL-10 — interleukin-10; TNF—o — tumor necrosis factor-o; MMP-9 and MMP-2 — matrix metalloproteinases
type 2 and type 9; VEGF — vascular endothelial growth factor; NGFR p75 — nerve growth factor receptors p75; PGP 9.5 —
protein gene product 9.5;

— — no cells contain VEGF, NGFR p75, PGP 9.5, and TNF-o,;

+ — few cells contain VEGF, NGFR p75, PGP 9.5, and TNF-0;

++ — moderate number of cells conatin VEGF, NGFR p75, PGP 9.5, and TNF-a;

+++ — numerous cells contain VEGF, NGFR p75, PGP 9.5, and TNF—o.

Table 2
Distribution of the growth stimulating and degradation factors, inflammatory factors, and
neuropeptide-containing innervation, as well as apoptosis in the cow endometrium
in the S5th week after parturition

- Apoptotic
Cows §Zyg Mmmoy =g w202y Fp f
name S &= endometrium = = endon;zmum’ S s > z% g
Tapa 1/5 32.5+7.18 - + 28.9+6.15 ++ + - ++ +++
Esma 7/5 45.2+32.02 + + 63.2+1.50 ++ + - - +
Dakota 3/5 345+11.18  +++  +++ +++  + o+ ++ +
Tervete 2/5 25.0+4.15 ++ ++ 12.9+0.85 ++ + - + +
Vaida 6/5 46.2+£7.17 - ++ 62.5+7.8 ++ + - - +
Okence 8/5 19.3+£13.87 + +++ 74.0+£14.35 +H+ o+ + ++ +
Elba 9/5 29.34+6.02 + +H+ ++ + + 4+ ++
Akace 5/5 29.5+4.76 - + ++ + 4+ +
Loda 4/5 45.3£13.06 ++ ++ 23.8+4.00 ++ + - 4+t +

Notations: see Table 1.

Cytokine TNF-0, besides its other functions, and action of MMP-9 in endometrial stromal cells
improves growth, differentiation and functioning of  (Gamo et al., 2007).
cells in the uterus during the reproductive cycle and We determined an increased number of apoptotic
gestation; however, it has no influence on expression  cells in endometrium from the first up to fifth week

68 LLU Raksti 21 (315), 2008; 66-72



I Sematovica et al.

Distribution of Growth Stimulating Factors in Cow Endometrium

after parturition, which might be explained by the fact
that tissues of the uterus are at the end of involution in
the fifth week after parturition, and are more compact
than in the first week when they are outstretched and
withoedema. Apoptosisisdescribed asaphysiological
process in different types of glandular tissues of the
reproductive system during their involution processes
(Walker et al., 2005). A mild positive correlation
between the number of apoptotic cells and number of
macrophages in endometrium (r= 0.54; p<0.1) can be
explained by the fact that TNF-a is one of inducers of
apoptosis (Zhdanov et al., 2003).

The amount of MMP-2 positive structures in cow’s
endometrium in postparturition period practically
did not change. Intensity of MMP-9 expression
statistically significantly decreased from the first to the
fifth week after parturition, which proves decreasing
in the degenerative processes during that time.
Our research results partly agree with conclusions
found in the literature that during the first ten days
of postparturition period, degenerative processes in
endometrium prevail, whereas regenerative processes
become active later after parturition (Shea, Wright,
1984; EmennsHoBa, 1974). It should be noted that
the research made by other authors is based only on
histological investigations.

More recent investigations indicate the important
role of MMP-2 and MMP-9 in delivering fetal
membranes after parturition (Takagi et al., 2006).
Other authors have found that MMP-9 is regulated
by estrogens, and it is significant for uterus tissue
remodeling regarding the reproductive cycle (Zhang
et al., 2006), which was not researched in our present
study.

The research suggests that increase in PGP9.5 and
NGFR p75 in endometrium at that time is induced
by inflammatory mediators like IL-10 and TNF-a,
because the PGP9.5 and NGFR increase in tissues
is characteristic of regenerative processes as well as
processes of tissue innervation reconstruction. The
changes in innervation regarding reproductive cycle
were proved (Zoubina et al., 1998), as well as the fact
that increased innervation promotes blood flow in
tissues (Blacklock, Smith, 2004).

VEGF-containing structures were found in
endometrial blood vessels and under epithelium
only in the fifth week after parturition. VEGF is
an important signal protein — cytokine — involved
in angiogenesis of the embryonic as well as adult
organism from the existing vascular tissues (Wei
et al., 2004; Wang et al., 2003; Halder et al., 2000;
Guidi et al., 1998). The activity of VEGF is oriented
to the endothelial cells of blood vessels and its
influence on other types of cells as monocyte/
macrophage stimulation was established. The ability
of VEGF to stimulate mitogenesis of endothelial cells
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and migration of cells was also observed. That also
enhances the microvascular permeability in vitro,
which is why VEGF is sometimes referred to as a
vascular permeability factor (Halder et al., 2000). It
is probable that VEGF expression found only in the
fifth week after parturition in our investigation can be
associated with the increased amount of inflammatory
cells in endometrium at that time. The production of
VEGF can be induced in the cells which have not
received enough oxygen, and then these cells produce
transcription factor, namely, hypoxia inducible
factor (HIF). Among other functions (modulation
of erythropoesis), HIF stimulates VEGF production
(Ankoma-Sey et al., 2000).

An ischemia of endometrial tissues in the fifth
week after parturition can be raised by intensive
metabolic processes connected with inflammatory
processes in uterus tissue in postparturition period.
One of the reasons of increased expression of VEGF
in inflammatory process is the already mentioned
activity of TNF-a (Scott et al., 1998). Whereas in
our investigation, statistically significant (p<0.01)
increase in TNF-a positive structures, as well as strong
positive correlation (p<0.01; r=0.72) among TNF-a
and VEGF positive structures in cow’s endometrium
were observed in the fifth week after parturition.
Several authors have found that the VEGF expression,
localization, and intensity in endometrium depend on
the phase of reproductive cycle in the woman and in
the cow (Wijayagunawardane et al., 2005; Wei et
al., 2004; Zhang et al., 20006). Investigations on the
resumption of the reproductive cycle after parturition
were not the aim of our research.

Conclusions

1. Expression of NGFR p75, VEGF, and TNF-a
positive structures as well as correlation
between these structures indicate their reciprocal
stimulation in the endometrium of the cow from
the first to fifth week after parturition.

2. The increased amount of VEGF, NGFR p75,
TNF-a, and PGP 9.5 positive structures in
the endometrium of the cow indicate the
intensification of regenerative processes in
connection with inflammatory process in cow’s
endometrium in the fifth week after parturition.

3. The decrease in the amount of MMP-9 positive
structures in the cow’s endometrium from the
first to fifth week after parturition indicates the
attenuation of degenerative processes and the
role of MMP-9 in fetal membrane delivering
processes. The unchangeable amount of MMP-2
positive structures in the cow endometrium
indicates stability of respective structures at that
period.
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Anotacija

P&tfjuma mérkis bija noskaidrot dazus augSanas un degradacijas procesus, iekaisuma faktoru un neiropeptidus
saturoso pozitivo komponentu daudzumu un mijiedarbibu govs endometrija saistiba ar dzemdes audu parmainam
specifisku, endogénu biologiski aktivu vielu ietekm& p&cdzemdibu perioda govim. Biopsijas paraugi nemti
no devinam Latvijas brinas Skirnes govim LLU MPS , Vecauce” 2004./2005. gada ziemas perioda pirmaja
ned€la un atkartoti Cetras ned€las péc atneSanas. legitie materiali izmekl&ti RSU Anatomijas un antropologijas
institita Morfologijas laboratorijas. Noteikts apoptotisko $tinu daudzums ar TUNEL diagnostikas metodi.
Imunhistoktmiski noteiktas matrices metalloproteinazes 2 un 9 (MMP-2 un MMP-9, darba atskaidijums 1:100,
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R&D, Anglija), audz&ju nekrotiskais faktors-a (TNF-a, darba at§kaidijums 1:100, Abcam, Anglija), interleikins-
10 (IL-10, darba at$kaidijums 1:400, Abcam, Anglija) un proteingéna peptids 9.5 (PGP 9.5, darba atskaidfjums
1:1600, DakoCytomation, Danija). Veikta eozina/hematoksilina audu kraso$ana. Pozitivo struktiiru daudzums
vertets semikvantitativi trs reprezentativos redzes laukos. Datu statistiskaja apstrade lietoti Stjudenta t-tests,
Vilkinsona tests, divfaktoru un daudzfaktoru korelaciju tests. Laika no pirmas lidz piektajai ned€lai pec
dzemdibam noverots statistiski nozimigs iekaisuma Stinu infiltracijas palielinajums un TNF-a, VEGF un NGFR
p75 pozitivo struktiiru daudzuma pieaugums govs endometrija (p<0.05). Vidgja, statistiski nozimiga (p<0.05)
pozitiva korelacija noverota starp iekaisuma Stnu daudzumu un TNF-a (r=0.52), apoptotisko $tinu daudzumu
un TNF-a (r=0.58), TNF-0 un NGFR p75 (r=0.51), NGFR p75 un PGP 9.5 (r=0.49), VEGF un apoptotisko
stinu daudzumu (r=0.59). P&tfjums paradija min&to faktoru un iekaisuma markieru lidzsvarotu mijiedarbibu
govs endometrija fiziologiska pecdzemdibu perioda, ka arf minéto komponentu un faktoru darbibas intensitates
atSkiribas atsevisku individu starpa, iesp&jams, atkariba no imiinsisteémas kvalitates.
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Matrices metaloproteinazes, interleikins-10, tumoru
nekrotiskais faktors-a, neiropeptidi un apoptoze govju endometrija
peécdzemdibu perioda
Matrix Metalloproteinases, Interleukine-10, Tumor Necrosis Factor-a,
Neuropeptids and Apoptosis in Cow Endometrium in
Postparturition Period

Ilga Sematovica, Aleksandrs Jemeljanovs
LLU Biotehnologijas un veterinarmedicinas zinatniskais institats ,,Sigra”
Research Institute of Biotechnology and Veterinary Medicine ,,Sigra”, LLU
e-mail: sigra@lis.lv
Mara Pilmane
Rigas Stradina universitates Anatomijas un antropologijas institats
Institute of Anatomy and Anthropology, Riga Stradins University
e-mail: pilmane@latnet.lv

Abstract. Cow’s uterus biopsy samples were taken in winter 2004/2005 at the research and training farm
“Vecauce”. Histological investigations were performed at the Institute of Anatomy and Anthropology of Riga
Stradins University. Nine cows were biopsied twice: in the first and fifth week of postparturition. The aim
of the research was to reveal inflammatory factors, neuropeptide-containing innervations, and apoptosis in
the endometrium of cows in postparturition period. The results showed significant increase in the number of
inflammatory cells, TNF-a, and apoptotic cells in endometrium between first and fifth week after parturition
(p<0.01). A mild positive correlation was found between the number of apoptotic cells and macrophages in
endometrium (r= 0.54; p<0.1). In cow’s endometrium, expression of MMP-2 was observed in macrophages,
but it was not characteristic of processes in the cow’s uterus in postparturition period. Compared to MMP-2
expression, MMP-9 expression was significantly higher (p<0.05) and was characteristic of cow’s uterus in
postparturition. No statistically significant correlation was found between cells expressing IL-10, MMP-2,
MMP-9, TNF-0, and PGP 9.5. A mild positive correlation (r=0.52; p<0.05) between the number of TNF-a
positive cells and infiltration of endometrium with inflammatory cells was detected. A mild positive correlation
(r=0.58; p<0.05) was observed between the number of TNF-a and apoptotic cells in the cows’ endometrium.
PGP 9.5 containing nerve fibers appeared around endometrial glands, walls of blood vessels, and in submucosal
tissue and did not correlate with tissue infiltration by inflammatory cells, possibly due to the weakness of the
immune system of individual animals.

Key words: cow’s uterus in postparturition, matrix metalloproteinases, interleukine-10, tumor necrosis factor-a,
protein gene product 9.5.

Ievads

Arvien aktualaki kst p&tijumi par biologiskajiem
procesiem Sunas specifisku biologiski aktivu
vielu ietekmé, lai izprastu, prognozétu un vaditu
pécdzemdibu  perioda  dzemdes  involicijas
mikroprocesu norises gaitu un to ietekmé&joso faktoru
mijiedarbibu.

Visi audu mikroprocesi saistas ar Stnu
ekstracelularo matrici (ECM), ar tas protelniem
un citam biologiski aktivam vielam. Matrices
metaloproteinazes (MMP) ir specifiski proteolitiski
enzimi, kas nodroSina un uztur ECM homeostazi.
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MMP un ar tam saistitie endogénie inhibitori (TIMP
— tissue inhibitor of metalloproteinases) kopa tiek
apziméti par MMP sistemu (MMPs). Paslaik ir zinami
vairak neka 20 MMP parstavji (Kliem, 2006; CurryJr
and Osteen, 2001). Iekaisuma $iinas, Tpasi makrofagi,
sp€j sintez&t, uzkrat un izdalit MMP-2 un MMP-9. Ir
zinams, ka makrofagi spgj sekretét vairak neka 100
dazadu vielu, pieméram, citokinus, MMP, TIMP,
augSanas faktorus un citus, tada veida modific€jot
ECM sastavu dazadu procesu laika.

MMP-2 (alternativi sauktas arT par 72 kDa
zelatinazi, zelatinazi A, IV tipa kolagenazi) substrati
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ir I, I, I, V, VII un X tipa kolagéns, elastins,
fibronektins, zelatins un prokolagenaze-3. Savukart
MMP-9 (sauktas ar1 par 92 kDa zelatinazi, zelatinazi
B) substrati ir IV un V tipa kolagéns, elastins un
zelatins.Mingtas vielas izdala dazadas organisma
Sanas.

Viens no butiskakajiem procesiem organisma un
tieSi govim dzemdes involicijas laika ir apoptoze
jeb programméta $tnu nave (PCD — programmed
cells death). PCD ir genétiski noteikts, biokimiski
specifisks Sinunaves veids, kasiesakas arspecifiskiem
signaliem un nelizosomalu endogénu endonukleazu
aktivaciju, ka rezultata Stinu kodola DNS tiek saskelta
fragmentos, atbrivojot organismu no novecojusam,
nevajadzigam vai bojatam $tnam. Morfologiski PCD
izpauzas ar atsevisku haotiski novietotu $iinu navi.
PCD inhibitori ir augSanas faktori, $iinu matrice,
steroidie hormoni, un dazu virusu olbaltumi. Savukart
PCD aktivatori ir: augSanas faktoru trikums, saiknes
ar matrici zaudéSana, glikokortikoidi, dazi virusi,
brivie radikali un joniz&josais starojums (Goyeneche
and Telleria, 2005).

Interleikini (IL) darbojas ka kimiski im@insisteémas
informacijas parstavji un piedalas hiperjutiguma un
iekaisuma atbildes reakcijas, regulé T un B limfocTtu
aktivizaciju iminatbildes reakcijas laika uz antigénu.
Galvenais iminregul&joso citokinu avots organisma
ir CD4'T stnas, kas diferencgjas T, 1 un T2
subpopulacijas. T2 Stunu un makrofagu producétais
IL-10 inhibeé T,1 Stinu producgSanu un makrofagu
funkcijas, bet T, 1 sekreté interferonu-y (IFNy), kur$
aktiviz€ makrofagus, inhib& B S$tnas un ir toksisks
atseviskiem SGnu veidiem (Meyer and Harvey,
2004).

Aktivizeti makrofagi producg citokinu — audzgju
nekrotisko faktoru alfa (TNF-a), kurs ir neglikozil&ts
proteins ar 17 kDa molekulmasu. Ir zinams, ka
TNF-a stimul@ prostaglandina sint€zi lutealajas stinas
un samazina gonodotropinu inductu progesterona
producgsanu govju lutealajas $tnas. TNF-a inducé
apoptozi un $tnu proliferaciju (Kliem, 2006).

Iekaisuma atbildes reakcija ir minimizet
kairinataja efektu, un S§is mehanisms darbojas ari
govs dzimumcelos p&cdzemdibu perioda. Galvena
atbilde uz kairinataju ir $kidruma un $tinu uzkrasanas
bojato audu vieta ar mérki norobezot bojato
apvidu. Tas ir aktivs bioktmisks process, kas ietver
daudzas biokimiskas reakcijas ar funkcionalam un
morfologiskam parmaipam. Viens no batiskiem
dzemdes morfologijas parametriem ir inervacijas
izmainas dzemdes audos $aja perioda. To raksturo
proteingénvielas (PGP 9.5) klatbiitne un tas daudzuma
izmainas dazadu biologisku procesu mijiedarbiba
dzemdes audos (Tingaker et al., 2006). PGP 9.5 ir
citosolisks 24.8 kDa proteins, kas pieder ubikvitinai
C-terminala hidrolazes apaksklasei. Ta ir atrodama
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mugurkaulnieku neironos un neiroendokrinajas
§tnas, kur ir aptuveni 1-5% no visiem SkistoSajiem
protetniem (Piccinini et al., 1996).

Latvija lidz $im nebija veikti p&tfjumi par §tinu un
to matrices biologiju govs dzemdg. P&tjjuma mérkis
bija izzinat iekaisuma faktoru un apoptozes izplatibu
govs dzemdes audos p€cdzemdibu perioda, ka ari
savstarp€ji korel&t min&tas norises.

Materials un metodes

Petijuma bija ieklautas devinas Latvijas briinas
(LB) Skirnes govis no LLU MPC ,Vecauce”
slaucamo govju ganampulka novietnes ,,Ligotnes”
2004./2005. gada ziemas perioda. Biopsijas paraugi
no govju dzemdes npemti pirmaja ned€la péc
atneSanas un atkartoti cetras nedg€las p&c atnesanas ar
originalu biopsijas instrumentu, kas raZots uzpémuma
,,Kruuse”, Danija. PeciegliSanas audu paraugiievietoti
neitrala 12% formalina skiduma, pH 7.5 (Humason,
1967), kura tie uzglabati [idz izmekléSanai Rigas
Stradina Universitates Anatomijas un antropologijas
institiita Morfologijas laboratorija. Rutinai gaismas
mikroskopijai ar gaismas mikroskopu ,Leica
BME” govju dzemdes audu paraugi tika atidenoti,
attaukoti un ielikti parafina blokos, pé&c tam griezti
ar mikrotomu un krasoti ar eozinu un hematoksilinu
(Aughey and Frye, 2001).

Imiinhistoktmiski noteiktas matrices
metalloproteinazes-2 un -9 (MMP-2 un MMP-9,
darba atSkaidijums —1:100, ,,R&D”, Anglija), audzgju
nekrotiskais faktors-o (TNF-o, darba atSkaidijums —
1:100, ,,Abcam”, Anglija), interleikins-10 (IL-10,
darba atSkaidijums — 1:400, ,,Abcam”, Anglija),
proteingéna peptids 9.5 (PGP 9.5, darba atSkaidijjums
— 1:1600, ,,.DakoCytomation”, Danija) (Hsu et al.,
1981). Apoptozes noteikSanai izmantojam TUNEL
diagnostikas metodi (Negoescu et al., 1998). Datu
statistiskaja apstradé lietojam Stjudenta t testu
vienas paraugkopas analizei, Vilkinsona testu
divu saistitu paraugkopu analizei un divfaktoru
un daudzfaktoru korelacijas analizi (Arhipova un
Balipa, 2003).

Rezultati un diskusija

Govju endometrija histologiskie izmekl&jumi
paradija statistiski nozimigu (p<0.01) neitrofilo
leikocTtu, makrofagu wun limfocttu infiltracijas
palielinajumu laika no pirmas lidz piektajai nedelai p&c
dzemdibam. Tas skaidrojams ar involiicijas procesu,
kad dzemdes audos izziid ar dzemdibu procesu saistita
tiiska, audi klust blivaki un notiek dzemdibu procesa
radusas dzimumsistémas infekcijas izskausana, audu
atjaunosanas un cikliskuma atsaksanas, kad savukart
novéro paaugstinatu polimorfonuklearo leikocitu
aktivitati. Infiltracijas intensitate starp atseviskam
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govim varié, iesp&jams, infic€Sanas pakapes un
individualas imunitates spraiguma del (1. tabula).
Apoptotisko Stnu daudzums endometrija stroma
no pirmas lidz piektajai ned€lai p&c atneSanas
palielinajas par 30%, bet epitélija par 26%, pie
kam pirmaja nedéla p&c atneSanas tas bija lidzigs

daudzumam epitelialajas un stromas $tinas (p>0.05),
bet Cetras ned€las p&c atneSanas apoptotisko Stinu
daudzums stroma bija lielaks neka epitelialajas Stinas
(p<0.01) (1. att.). Apoptotisko $tinu koncentracijas
picaugums dzemdes audu stroma var@tu bt
skaidrojams ar to, ka govs dzemde Cetras nedélas péc

1. tabula / Table 1

Iekaisuma Sunu infiltracija, apoptoze un biologiski aktivas vielas govs endometrija
1. un 5. nedéela péc dzemdibam
Inflammatory cell infiltration, apoptosis and biological substances in cow’s endometrium in the
1st and 5th week postparturition

-2 g5 E -

SE L. E2:E 88822 o o o s om

59 03 E8 g 22 8%® 29 2 = o 9

s 35 5E:£g 2£85 2 2 = - &

5 Z T2ES <EToT 4

[ § é 1) q‘:: = 56L&
Tapa/F2 1 3.342.73 34.543.20 - + + _ i
Tapa/l 5 32.5+7.18 28.846.15 ++ + - ¥ .
Esma/F3 1 14.7+7.63 25.243.15 -+ + - - +
Esma/7 5 45.2+32.02 63.21.50 ++ + + n "
Dakota/F4 1 13.7£12.94 ... ++ + + - T+
Dakota/3 5 34.5£11.18 ... +++ + e ++ +
Tervete/F5 1 15.0+4.20 30.2+5.50 ++ + ++ - _
Térvete/2 5. 25.0+4.15 12.8+0.85 ++ + ++ ++ +
Vaida/F6 1. 23.7+8.36 14.0+0.30 4+ + - - +
Vaida/6 5 46.2+7.17 62.5+7.80 ++ + - ++ +
Okence/F7 1 16.5+2.43 ... + + - ++ +
Okence/8 5 19.3+13.87 74.0+14.35 +++ + + o +
Elba/F8 1 11.247.19 ...l +++ + + + +
Elba/9 5 29.3£6.02 ... ++ + + +++ ++
Akace/F9 1 27.2+4.02 ... ++ + - ++ +
Akace/5 5 29.5+476 ... ++ + - + +
Loda/F10 1 4.8+1.19 21.6+28.85 ++ + RS - +
Loda/4 5. 45.3+13.06 23.8+4.00 ++ + ++ ++ +

Apzim&jumi: MMP — matrices metalloproteinaze; IL — interleikins; TNF — tumoru nekrotiskais factors;

PGP — proteingénviela
— —nav MMP, IL, TNF-0, PGP 9.5 un apoptozes $tinas
+ —nedaudz $tunu satur MMP, IL, TNF-o un PGP 9.5

++ —vidgjs daudzums $tnu satur MMP, IL, TNF-a un PGP 9.5

+++ — daudz $tunu satur MMP, IL, TNF-a un PGP 9.5
++++ — loti daudz stnu satur MMP, IL, TNF-a un PGP 9.5

Notations: MMP — matrix metalloproteinasis; IL — interleukin; TNF — tumor necrosis factor;

PGP — protein gene product

— —lack of MMP, IL, TNF-a, PGP 9.5, and of apoptotic cells

+ — small number of cells containing MMP, IL, TNF-a, and PGP 9.5

++ — moderate number of cells containing MMP, IL, TNF-a, and PGP 9.5
+++ —numerous cells containing MMP, IL, TNF-a, and PGP 9.5

++++ — significant number of cells containing MMP, IL, TNF-a, and PGP 9.5
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atneSanas ir involiicijas nosléguma, dzemdes audi ir
kompakti un blivi salidzinajuma ar pirmo ned¢lu, kad
dzemdes siena V&l ir loti izstiepta un audos doming
tiska. P&tfjums paradija, ka govim pe&cdzemdibu
perioda kopuma pastav bitiska (r=0.92; p<0.01)
pozitiva korelacija starp PCD S$inu daudzumu
stroma un epitélija. Apoptotiskajam StGnam bija
vidgja pozitiva korelacija ar makrofagu daudzumu
endometrija (r= 0.54; p<0.1), ko var izskaidrot ar
to, ka makrofagi izdala TNF-a, kas ir viens no PCD
induce@tajiem (Zhdanov et al., 2003).

Makrofagos veérojama MMP-2 ekspresija govs
dzemdes audos nav raksturiga komponente norisém
pecdzemdibu perioda, kamer S§aja pasa laika
MMP-9 ekspresija govs endometrija makrofagos
ir ievérojami lielaka (p<0.05) (2. un 3. att.).
Iesp&jams, misu pétijuma atrasta MMP ekspresija
galvenokart endometrija dziedzerslana fagocitarajas
§tinas saistama ar specifisku §is proteinazes
aktivaciju.

IL-10 konstatgjam S$tGnas ap virsmas epiteliju
un zem ta, ka arT dziedzerSiinas (4. att.), kas atbilst
citu autoru apgalvojumam, ka IL-10 izdala ne
vien CD4'T $unas, bet dzemdes audos to izdala
arT endometrija dziedzeru un endometrija epitélija
stinas (El-Sherif et al., 2001; Sallinen et al., 2000).
Mingto autoru pétijjumos IL-10 ekspresija sasitita
nevis ar iekaisuma procesiem dzemdg, bet gan ar
dzimumcikla fazém: IL-10 ekspresija palielinajas
dzimumcikla sekretoraja faze, ka arT paradijas péc
medroksiprogesterona lietoSanas. Tas, iesp€ams,
izskaidro, kad€] neatradam nevienu statistiski ticamu
bitisku korelaciju saistiba ar IL-10 ekspresiju miisu
izmeklgjumiem, jo misu p&tamiem dzivniekiem
butiskakie bija dzemdes involiicijas un regeneracijas
procesi.

TNF-o daudzums bija batiski  (p<0.001)
palielinajies, salidzinot pirmo un piekto ned€lu pé&c
atneSanas, turklat tas korel&ja (r=0.52; p<0.05) ar
iekaisuma $tinu infiltracijas pakapi endometrija un
ar PCD endometrija stroma (r=0.58; p<0.05) (5. att.).
Sadu novérojumu var saistit ar TNF-a ka fiziologisku
PCD inducétajfaktoru, jo, ka zinams, TNF-a un Fas-
ligands (CD178) iesak bioktmisku reakciju kaskadi,
kuras sekas ir hromosomu defragmentacija un $tinu
nave. Organisma S$tnu virsmas ir speciali TNF-a
receptori TNF-RI un TNF-RII, bet Fas-ligandam
receptors ir Fas/APO-1 (CD95). Minétie receptori ir
lidzigi péc ekstracelulara doména cisteina satura, ka
arreceptora intracelularas dalas. Saistoties TNF-a.un
Fas-ligandiem ar apoptozes receptoriem, aktivizgjas
intracelularie So receptoru t.s. ,,naves doméni”
(DED - death effector domain) DED, DED1, DED2
un citi starpnieki, ieskaitot keramidus, proteinu
tirozinkinazes, katepsinu D u.c., kuri parvada $inu
naves signalu.

PGP 9.5 galvenokart atradam nervskiedras
endometrija ap dziedzeriem, zemglotada un
asinsvadu sienas (6. att.). Parasti iekaisuma
procesa iekaisuma mediatori veicina nervu Skiedru
veidoSanos, bet atseviskos gadijumos (Cetros no
18) sadu tendenci nenov€rojam, jo pie augstas
iekaisuma $tinu infiltracijas PGP 9.5 imiinreaktivas
nervskiedras neatradam. JaatzZimé, ka paraugos,
kuros nekonstatgjam PGP 9.5, praktiski neatradam
arT IL-10, kas varétu but saistits ar olnicu darbibas
disfunkciju negativas energijas bilances perioda. Ari
TNF-o daudzums $Tm govim bija salidzinoSi mazaks.
Iesp&jams tade] arT konstat€jam endometrija PGP 9.5
un PCD vaju negativu korelaciju (r=—0.25; p<0.1), kas
vargtu bt saistits ar atseviSku dzivnieku organisma
imiinsistémas vajumu pécdzemdibu perioda.

1. att. Apoptoze endometrija $iinas piektaja nedéla p&c atnesanas (TUNEL, X 200).
Fig. 1. Apoptosis in endometrial cells in the fifth week postparturition (TUNEL, X 200).

2. att. MMP-2 ekspresija endometrija piektaja nedéla p&c atneSanas (MMP-2 IMH, X 250).
Fig. 2. Expression of MMP-2 in cow’s endometrium in the fifth week postparturition (MMP-2 IMH, X 250).

3. att. MMP-9 ekspresija govs endometrija piektaja nedéla peéc atnesanas (MMP-9 IMH, X 250).
Fig. 3. MMP-9 expression in the fifth week postparturition (MMP-9 IMH, X 250).

4. att. IL-10 ekspresija zem endometrija virsmas epit€lija un dziedzersiinas (IL-10 IMH, X 400).
Fig. 4. Expression of IL-10 under epithelial cells and in glandular cells of endometrium (IL-10 IMH, X 250).

5. att. TNF-a ekspresija endometrija piektaja nedéla pec atnesanas (TNF-o IMH, X 200).
Fig. 5. TNF-a expression in the fifth week postparturition (TNF-a IMH, X 200).

6. att. PGP 9.5 ekspresija nervskiedras ap endometrija dziedzeriem, asinsvadu sienas un zem epitélija (PGP
9.5 IMH, X 200).
Fig. 6. PGP 9.5 expression in nerve fibers around endometrial glands, walls of blood vessels, and under
epithelium (PGP 9.5 IMH, X 200).
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Secinajumi

1.

Govju endometrija ir statistiski nozimiga
atSkiriba (p<0.05) starp TNF-a un apoptotisko
Stinu sadaltfjuma relativo daudzumu pirmaja un
piektaja nedéla pec dzemdibam.

Govju endometrija p&cdzemdibu perioda
apoptotisko Stinu daudzums batiski palielinas
laika no pirmas Iidz piektajai nedé€lai (p<0.05),
uzradot vidgji pozitivu korelaciju ar makrofagu
daudzumu endometrija (r= 0.54; p<0.1).
MMP-2  ekspresiju govs dzemdes audos
pecdzemdibu perioda no pirmas lidz piektajai
nedélai atradam makrofagos, bet ta nav raksturiga
noris€m minétaja peécdzemdibu perioda. MMP-9
ekspresija Saja laika govs dzemdes makrofagos ir
ievérojami lielaka (p<0.05).

IL-10 ekspresija statistiski nozimigi nekorel& ar
MMP-2, MMP-9, TNF-a, PGP 9.5 un iekaisuma
Stinu infiltraciju laika no pirmas lidz piektajai
nedélai govs pecdzemdibu perioda.

TNF-0 daudzums bitiski (p<0.001) palielinas,
salidzinot pirmo un piekto ned&lu p&c atneSanas,
turklat tas korele (r=0.52; p<0.05) ar iekaisuma
Sinu infiltracijas pakapi endometrija un
endometrija apoptozi (r=0.58; p<0.05).

PGP 9.5 nervskiedras raksturo endometrija
dziedzeru sienas, zemglotadu un asinsvadu
sienas, bet to sadalijums nekorelg ar iekaisuma
Sinu  infiltraciju, iesp&ams, individualas
dzivnieka organisma imiinsistémas vajuma dgl.
Mikroinvoliicijas procesi govs endometrija norit
vel piektaja nedela pec atnesanas.

Literatuira

1.

78

Arhipova, 1., Balina S. (2003) Statistika
Ekonomika. Risindjumi ar SPSS un Mikrosoft
Exel. Riga: Datorzinibu centrs, 352 Ipp.
Aughey, E., Frye F.L. (2001) Comparative
veterinary histology with clinical correlates.
Manson Pub.Ltd., London, 14-127.

CurryJr, T.E., Osteen, K.G. (2001) Cyclic
changes in the matrix metalloproteinases system
in the ovary and uterus. Biology of reproduction,
No. 64, pp. 1285-1296.

El-Sherif, A.M., Seth, R., Tighe, P.J., Jenkins,
D. (2001) Quantitative analysis of IL-10 and
IFN-gamma mRNA levels in normal cervix and
human papillomavirus type 16 associated cervical
precancer. Journal of pathology, 195(2):179-85.

5.

10.

11.

12.

13.

14.

Goyeneche, A.A., Telleria, C. M. (2005)
Exogenous estradiol enhances apoptosis in
regressing post-partum rat corpora lutea possibly
mediated by prolactin. Reproductive Biology and
Endocrinology, vol. 3:40.

Hsu, S.M., Raine, L., Fanger, H. (1981) The use
of antiavidin antibody and biotin-streptavidin
peroxydase complex in immunoperoksidase
technics. Am. J. Clin. Pathol., 75: 816.
Humason, G.L. (1967) Animal tissue techniques.
Second edition. W.H. Freeman and Company,
San Francisco and London, 569 pp.

Kliem, H.S. (2006) Investigations of extracellular
matrix proteases, apoptotic and anti-apoptotic
factors in the bovine corpus luteum. Inaugural-
Dissertation.  Friedberg/Hessen, =~ Miinchen,
150 pp.

Meyer, D.J., Harvey, J.W. (2004) Veterinary
laboratory  medicine: interpretation and
diagnosis. Saunders, 351 pp.

Negoescu, A., Guillermet, Ch., Lorimer, Ph.,
Robert, C., Lantuejoul, S., Brambilla, E.,
Labat-moleur, F. (1998) TUNEL apoptotic cell
detection in archived paraffin-embedded tissues.
Biochemica, vol. 3, pp. 36-41.

Piccinini, M., Merighi, A., Bruno, R., Cascio,
P., Curto, M., Mioletti, S. (1996) Affinity
purification and characterization of protein gene
product 9.5 (PGP 9.5) from retina. Biochemestry
Journal, 318:711-716.

Sallinen, K., Veridjédnkorva, E., Polldnen, P.
(2000) Expression of antigens involved in the
presentation of lipid antigens and induction of
clonal anenergy in the female reproductive tract.
Journal of reproductive immunology, Vol. 46,
No. 2, pp. 91-101.

Tingaker, B.K., Johansson, O., Cluff, A.H.,
Ekman-Ordeberg, G. (2006)  Unaltered
innervation of the human cervix uteri in contrast
to the corpus during pregnancy and labor as
revealed by PGP 9.5 immunohistochemistry.
European Journal of Obstetrics and Gynecology
and Reproductive Biology, 125 (1):66-71.
Zhdanov, A. V., Kurbanova, D.F., Davydova, M.
P., Sosulina, L. Yu., Ezhova, L.S., Sukhikh, G.T.
(2003) Apoptosis in fimbriae of fallopian tubes
and endometrium in pyoinflammatory adnexal
diseases. Bulletin of experimental biology and
medicine, vol. 135, No. 2/Febr., pp. 150-153.

LLU Raksti 21 (315), 2008; 73-78



D. Berzina, E. Birgele Detection of Gastric Helicobacter-like Microorganisms in Dogs

Detection of Gastric Helicobacter-like Microorganisms in
Feral Raccoon Dogs (Nyctereutes Procyonoides) and
Domestic Dogs (Canis Familiaris)

Kunga helikobaktériju noteikSana savvalas jenotsuniem
(Nyctereutes procyonoides) un majas suniem (Canis familiaris)
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Abstract. This study was done to evaluate the prevalence of Helicobacter-like microorganisms in the stomach
of feral raccoon dogs (Nyctereutes procyonoides) from the Chonbuk province at the southwest part of Korea
and of domestic dogs (Canis familiaris) from Latvia. Mucosal samples were taken from several places of
cardiac, fundic, and pyloric gland region of the stomach to detect Helicobacter spp. by employing urease
test, brush cytology, and light histological investigation. All sampled raccoon dogs and four domestic dogs
from the five sampled animals showed positive urease test and presence of tightly spiraled Helicobacter-
like microorganisms. A positive urease test was observed in 75.7% of all examined samples of raccoon dogs
and in 67.0% of all samples of domestic dogs. Helicobacter-like microorganisms were detected in 98.5% of
all examined samples of raccoon dogs and in 69.4% of samples of domestic dogs by brush cytology, and in
91.2% of all examined samples of raccoon dogs and in 68.2% of samples of domestic dogs by histological
examination. Compared to gastric regions in feral raccoon dogs, the employed detection methods showed
that almost all samples (100%) were positive for Helicobacter spp. in the cardiac gland region. Whereas in
domestic dogs, all detection methods demonstrated 80% of positive samples in cardiac and 80% of positive
samples in fundic gland region of the stomach. Urease test results were controlled after 10, 30, and 60 minutes.
The amount of positive samples of raccoon and domestic dogs increased with the checking time, so it is
important to check results of test after 60 minutes of reaction.

Key words: Helicobacter spp., dogs, stomach, mucosa.

Introduction

Many Helicobacter species have been identified
in the gastrointestinal tract of domestic and wild
animals, and humans. Some Helicobacter species
have been formally recognized and have often
been associated with the condition of gastric and/or
enterohepatic disease including gastroenteritis, gastric
ulcers, hepatitis, and cancer (Fox, Lee, 1997; Solnick,
Schauer, 2001). However, not all Helicobacter species
are considered pathogenic and instead may form part
of the host’s indigenous gastrointestinal microflora
(Simmons et al., 2000).

Since the first isolation of Helicobacter pylori
form in humans with gastritis and gastric ulcer in
1984 (Marshall, Warren, 1984), Helicobacter spp.
(Helicobacter-like microorganisms) have been
detected in several animal species, such as dogs,
cats, pigs, cheetahs, ferrets, polar bears, sea lions,
monkeys, and rodents (Bronsdon et al., 1991; Lee et
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al., 1992; Eaton et al., 1993; Fox et al., 1995; Eaton
et al.; 1996; Jalava et al., 1997; Neiger et al.; 1998;
Hwang et al., 2002; Oxley et al., 2004).

Literature shows that Helicobacter species are
mostly microaerophillic, gram-negative, spiral-
shaped bacteria with multiple terminal flagellae
and high-level urease activity, which allows them
to survive in an acidic environment (Eaton et al.,
1996). The sources and routes of transmission
have been established following numerous
studies, which suggested oral-fecal and oral-oral
transmission of Helicobacter-like microorganims
(Bussac, 1999).

Up to now many diagnostic methods have been
developed to detect Helicobacter pylori infection:
some invasive (such as rapid urease test, brush
cytology, histology, electronmicroscopy, culture, and
polymerase chain reaction) and others non-invasive
(such as serology, urea breath test, and, more recently,
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H.pylori antigen determination in feces) (Happonen

etal., 1996).

The aim of this study was to detect Helicobacter-
like microorganisms in feral raccoon (Nyctereutes
procyonoides) and domestic dogs (Canis familiaris).

The main tasks of the research were:

1) to detect Helicobacter-like microorganisms in
mucosal samples of stomach employing three
different diagnostic methods: urease test, brush
cytology, and histological examination;

2) to compare and evaluate the most susceptible
diagnostic methods for detecting Helicobacter-
like microorganisms in the gastric mucosal
samples of the examined dogs;

3) to establish prevalence of Helicobacter-like
microorganisms in different parts of the stomach:
cardiac, fundic, and pyloric gland region;

4) to study and compare the prevalence of
Helicobacter-like microorganisms in feral
raccoon dogs from the Republic of Korea and in
domestic dogs from Latvia.

Materials and Methods

Mucosal samples of the stomach were taken from
eight raccoon dogs from Korea Animal Protection
Society and from five dogs after the death of the
animals (under agreement of the owners) in the
Center of Veterinary Education, Latvia.

Mucosal samples were obtained from strictly
determined seventeen sites of the stomach: four sites
of cardiac gland region, eight sites of fundic gland
region, and five sites of pyloric gland region. In
total, for detection of Helicobacter spp., 136 gastric
mucosal samples of feral raccoon dogs and 85 gastric
mucosal samples of domestic dogs were examined
during the study. For brush cytology, urease test, and
light histological investigation, mucus and mucosal
samples were obtained from each sample site within
two hours after the death of the animals.

Small gastric mucosal samples were cut with
scissors and placed in 24 well plates for urease
test. The samples were incubated in 1 ml of reagent
containing 10% of unbuffered urea in distilled water
and phenol red indicator (pH 6.3). The results were
recorded in 10 min., 30 min., and 60 min. after each
sample was placed in reagents. A color change from
pale yellow to bright pink was considered positive to
Helicobacter-like microorganisms.

Collecting of mucus for brush cytology was
performed using sterilized small cotton brushes.
The brush was rolled over the gastric mucosa at the
sample site and subsequently rolled on a clean slide.
The preparations were then air-dried and stained
by Diff-Quick staining method. Helicobacter-like
microorganisms were observed with light microscope
Leica oil immersion lens at 1000 magnification.
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Gastric  mucosal samples for histological
examination were fixed in 10% neutral buffered
formalin, routinely processed in auto tissue processor
Tissue-Tek |1, embedded in paraffin, sectioned in 5 pm
thick sections with microtome SLEE Mainz Cut 4055,
and stained by Diff-Quick method. Helicobacter-like
microorganisms were detected in gastric mucosa with
light microscope at 1000 magnification.

Statistical analyses of the results were performed
by SPSS 11.5 program. Differences between the
results produced by urease test, brush cytology
and histological examination were processed by
the nonparametric k-related Cochrans’s Q test.
Occurrence of Helicobacter spp. in the mucosal
samples of different parts of stomach in raccoon and
domestic dogs was analyzed with Chi-square test
of independence (Paura, Arhipova, 2002; Arhipova,
Balina, 2003).

Results and Discussion

All examined raccoon dogs and four of the five
examined domestic dogs showed positive results by
all the methods used for detection of Helicobacter
spp. The results of the study for occurrence of
Helicobacter-like microorganisms in raccoon dogs
are summarized in Table 1. As to raccoon dogs,
statistical analysis showed significant differences
between the results obtained by various diagnostic
methods (p<0.01). Urease activity was observed in
75.7% (in 103 samples) of the examined 136 gastric
samples after 60 min. of incubation. The highest
detection rate of Helicobacter-like organisms was
detected by brush cytology. Spiral-shaped organisms
were observed in 98.5% (on 134 brushes) of the
examined 136 brushes of gastric mucosa. During
the histological examination, Helicobacter-like
microorganisms were observed in the mucosa of
stomach in 91.2% (in 124 samples) of the examined
136 samples (Table 1).

The results of the study for occurrence of
Helicobacter spp. in domestic dogs are summarized
in Table 2. Unlike the results of detection of
Helicobacter-like microorganisms in raccoon dogs,
statistical analyses did not showsignificant differences
between the used diagnostic methods (p>0.05) in
domestic dogs. Urease activity was observed in 67.0%
(in 57 samples) of the examined 85 gastric samples
after 60 min. of incubation. Spiral-shaped organisms
were observed in 69.4% (on 59 brushes) of the 85
brushes of gastric mucosa by brush cytology, and in
68.2% (in 58 samples) of the examined 85 samples
of gastric mucosa by histological examination (Table
2).

Brush cytology of raccoon dogs demonstrated
the highest detection rate of Helicobacter-like
organisms. These results are similar to those of the
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Table 1

The amount of Helicobacter-positive samples in raccoon dogs by different detection methods

Number of

Helicobacter-positive samples

raccoon dog Urease test Brush Histological
cytology examination
1 11 17 15
2 17 17 17
3 17 17 17
4 12 16 16
5 11 16 16
6 9 17 12
7 9 17 14
8 17 17 17
Total amount of 103 134 124
positive samples
Total amount of all 136 136 136
examined samples
Percentage of 75.7% 98.5% 91.2%

positive samples

Table 2

The amount of Helicobacter-positive samples in domestic dogs by different detection methods

Number of Helicobacter-positive samples
domestic dog Urease test Brush cytology Histological examination
1 12 12 12
2 16 16 16
3 12 16 13
4 17 17 17
5 0 0 0
Total amount of 57 59 58
positive samples
Total amount of all 85 85 85
examined samples
Percentage of 67.0% 69.4% 68.2%

positive samples

previously recorded studies into detection methods
for Helicobacter-like microorganisms (Happonen et
al., 1996). Brush cytology offers comparably high
sensitivity along with urease test and is recommended
for practical use, as it is a relatively simple, cheap,
and rapid method for screening Helicobacter
infection. Histological examination is also sensitive,
but it is comparatively expensive and requires special
laboratory skills and equipments.

The results of urease test in raccoon dogs are
demonstrated in Figure 1: urease activity after 10
minutes of incubation was detected in 68.8% of
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samples within the cardiac gland region, in 34.4% of
samples within the fundic gland region, and in 10.1%
of samples within the pyloric gland region. Whereas
urease activity after 30 minutes of incubation was
detected in 96.9% of samples within the cardiac
gland region, in 79.95% of samples within the fundic
gland region, and in 30.0% of samples within the
pyloric gland region. Eventually, urease activity after
60 minutes of incubation was detected in 100% of
samples within the cardiac gland region, in 85.9% of
samples within the fundic gland region, and in 40.0%
of samples within the pyloric gland region. Thus, a
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longer incubation period increased the detection rate
of Helicobacter-like microorganisms.

Study of domestic dogs showed similar results
(Figure 2). Urease activity after 10 minutes of
incubation was detected in 50.0% of samples within
the cardiac gland region, in 35.0% of samples within
the fundic gland region, and in 12.0% of samples
within the pyloric gland region. Whereas urease
activity after 30 minutes of incubation was detected in
65.0% of samples within the cardiac gland region, in
72.5% of samples within the fundic gland region, and
in 32.0% of samples within the pyloric gland region.
So, detection rate after 30 minutes of incubation
increased approximately twice in the fundic gland
region. Eventually, the results after 60 minutes of
incubation showed the highest urease activity in

82

Fundic

Pyloric

Percentage of Helicobacter-positive mucosal samples of different sites

domestic dogs.

80.0% of samples within the cardiac gland region, in
80.0% of samples within the fundic gland region, and
in 36.0% of samples within the pyloric gland region.

In comparison, the Helicobacter spp.-positive
results in different parts of stomach and the positive
rate of cardiac and fundic gland region in both raccoon
and domestic dogs were substantially higher (p<0.01)
than in pyloric gland region of stomach. These results
are quite close to other studies into Helicobacter-like
microorganisms in domestic dogs, where the highest
Helicobacter spp. detection rate has been observed
in the corpus (fundic gland region) of the stomach
(Happonen et al., 1996).

The different detection rates of Helicobacter-like
microorganisms in raccoon and domestic dogs by
brush cytology are presented in Figure 3. Statistically
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Fig. 3. Percentage of Helicobacter-positive mucosal samples of different sites by
brush cytology in raccoon and domestic dogs.
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Fig. 4. Percentage of Helicobacter-positive mucosal samples of different sites by
histological examination in raccoon and domestic dogs.

there are no significant differences (p>0.05) between
the occurrence of Helicobacter spp. in the samples of
different gastric regions of raccoon dogs. The spiral-
shaped Helicobacter-like microorganisms were
observed in 100% of samples from cardiac, in 98.4%
of samples from fundic, and in 92.5% of samples
from pyloric gland region of the stomach. Whereas
study of domestic dogs showed that detection rates of
Helicobacter-like microorganisms by brush cytology
are not significantly different (p>0.05) between the
cardiac and fundic gland region of the stomach. The
spiral-shaped Helicobacter organisms were observed
in 80% of samples from both cardiac and fundic gland
region. The difference between occurrence of spiral-
shaped microorganisms in the gastric part was most
evident (p<0.05) in the pyloric gland region where
brush cytology showed only 44% of positive samples
(Figure 3). These results are quite similar to those of
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other studies which state that gastric Helicobacter-like
microorganisms are mainly observed in the corpus
(fundic gland region) of the stomach (Happonen et
al., 1996).

Detection rates of Helicobacter-like
microorganisms in raccoon and domestic dogs by
histological examination are presented in Figure
4. Statistically there has been found a significant
difference (p<0.05) of occurrence of Helicobacter spp.
between gastric parts of both raccoon and domestic
dogs. Spiral-shaped Helicobacter organisms were
observed in gastric mucosa of raccoon dogs in 100%
of samples from cardiac, in 95.3% of samples from
fundic, and in 77.5% of samples from pyloric gland
region of the stomach. Whereas study of domestic
dogs showed that Helicobacter-like microorganisms
are observed in gastric mucosa in 80% of samples
from both cardiac and fundic gland region and in 40%
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of samples from pyloric gland region of the stomach
(Figure 4).

The histological examination showed that
detection rate of Helicobacter-like microorganisms
in the cardiac and fundic gland region is significantly
higher (p<0.05) than in the pyloric gland region of
stomach. Consequently, histological examination also
allows evaluation of the status of mucosa and shows
high sensitivity and specificity, too. This has also
been pointed out in other studies (Megraud, 1996);
however, histological examination is a comparatively
expensive and labor intensive procedure (Chu et al.,
1997).

This is the first investigation to detect and compare
the presence of Helicobacter-like microorganisms
in raccoon dogs (Nyctereutes procyonoides) of the
Republic of Korea and in domestic dogs (Canis
familiaris) of Latvia. The study of influence of
Helicobacter spp. on gastric morphofunctional state
of these animals is going to be continued.

Conclusions

1. Detection rates of Helicobacter-like
microorganisms of gastric mucosa by urease tests,
brush cytology, and histological examination are
statistically different in raccoon dogs (p<0.01),
but not in domestic dogs.

2. Thebrushcytology proved to be the most sensitive
for detecting Helicobacter-like microorganisms
in gastric samples of raccoon dogs.

3. For detecting of Helicobacter species by urease
test it is important to check the results of the test
after 60 minutes of reaction.

4. Compared to gastric parts, the cardiac and
fundic gland region is the most affected site by
Helicobacter-like microorganisms of raccoon
and domestic dogs.
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Anotacija

P&tjjuma merkis bija noskaidrot kunga helikobaktériju izplatibu savvalas jenotsuniem (Nyctereutes
procyonoides) Dienvidkorejas Republikas Conbukas provincg, ka arf majas suniem (Canis familiaris) Latvija.
P&tijumiem izmantoti astoni jenotsuni un pieci majas suni. Glotadas paraugi tika nemti no stingri noteiktam
kunga glotadas dalam ¢etras vietas kardialo, astonas vietas fundalo un piecas vietas pilorisko dziedzeru zona.
Kopa izmekl&ti 136 jenotsunu un 85 majas sunu kunga glotadas paraugi. Helicobacter spp. noteikSanai tika
izmantoti ureazes tests, glotadas virsmas noberzumu citologija un histologiskas izmekl&Sanas metodes. Visiem
astoniem izmekl&tajiem jenotsuniem un Cetriem majas supiem (no pieciem) kunga glotada tika konstatétas
Helicobacter spp. Jenotsuniem ureazes tests pozitivs bija 75.7% gadijumu, bet majas suniem — 67.0% gadijumu.
Glotadas virsmas citologiskaja izmeklesana Helicobacter spp. jenotsuniem konstateja 98.5% gadijumu, bet
majas suniem — 69.4% gadijumu. Histologiskaja izmeklésana helikobaktérijas jenotsuniem konstateja 91.2%
gadijumu, bet majas suniem — 68.2% gadijumu. Salidzinot Helicobacter spp. lokalizaciju dazadajas kunga
glotadas zonas, visplasak izplatitas tas bija kardialo un fundalo dziedzeru zona. Jenotsunu kungu kardialaja
dziedzeru zona 100% gadijumu tika konstatétas Helicobacter spp., bet majas suniem gan kardialo, gan fundalo
dziedzeru zona helikobakterijas konstatgja 80% gadijumu. Ureazes testa rezultati tika parbauditi pec 10, 30
un 60 minGtém. Pozitivo paraugu skaits uz Helicobacter spp. palielinajas lidz ar reakcijas laika ilgumu, tapéc
ir Joti svarigi rezultatus nolasit pec 60 minutém. Sis ir pirmais pétijums par kunga helikobaktériju izplatibu
savvalas jenotsupiem Dienvidkorejas Republika un majas supiem Latvija.

LLU Raksti 21 (315), 2008; 79-85 85



O. Kozinda Comparison of X-ray Morphometrical Parameters between Dogs with Hip Dysplasia

A Comparison of Numerical Values of X-Ray Morphometrical
Parameters Between Rottweilers and Other Dog Breeds in
Diagnostics of Hip Dysplasia
Rentgenomorfometrisko parametru skaitlisko veértibu salidzinajums
starp rotveileru un citu sunu Skirném
giiZzu locitavu displazijas diagnostika

Oskars Kozinda
Clinical Institute, Faculty of Veterinary Medicine, LLU
LLU Veterinarmedicinas fakultates Kliniskais instittits

Abstract. Investigations were carried out at the Clinical Institute of the Faculty of Veterinary Medicine of the
Latvia University of Agriculture. The aim and objectives of the investigations were to determine and compare
the use of some x-ray morphometrical parameters of hip dysplasia in young Rottweilers and other dog breeds.
X-ray morphometrical parameters used in diagnostics of hip dysplasia were determined: Norberg angle (X1),
inclination angle (X2), tangential angle (X3), location of geometrical centre of femoral head (X4), width of the
lateral joint gap (X5), width of the medial joint gap (X6), and distraction index (X7). Agreement or differences
between x-ray morphometrical parameters were established in Rottweilers and other dog breeds. Radiography
was made in the ventrodorsal projection. The obtained data of x-ray morphometrical parameters were used
for analysis. In case of hip dysplasia (HD), differences between some parameters were established within a
breed, as well as between Rottweilers and other dog breeds. Evaluating numerical indices of the examined
parameters it was established that Norberg angle (X1) is informative enough and does not depend on the dog
breed, and may be used in diagnostics of hip dysplasia without determining other parameters. The possible
inadequacy between Norberg angle and HP diagnosis is within a range of 3-4%. Parameters (X2-X7) are partly
or insufficiently informative to be used in HD diagnostics without determining the Norberg angle (X1).

Key words: hip dysplasia, breed, dog, measurements.

Introduction disease. Suffering in dogs affected by hip dysplasia is

Morgan and Stephens (1988), and Tamilson
and Mc Laughing (1995) are of the opinion that
hip dysplasia (HD) is a multifactorial, genetically
determined biomechanical development disease
(usually bilateral) characterized by inadequately
formed hip joints, which is later accompanied by a
secondary degenerative joint arthrosis. Different
forms of hip dysplasia occur in various species
of animals, as well as in human beings, but as an
important clinical problem HD is observed just in
dogs because hip joints form an anatomical structure
that holds the caudal part of the dog’s body on two
small spherical surfaces — femoral heads —, and they
are involved in various body movements and positions
(Morgan, Stephens, 1988). Even though there have
been great achievements in veterinary medicine and
public knowledge about animal keeping and nutrition
during the last decades, Alexander (1992) has come
to a conclusion that a comparatively little progress
has been reached in terms of prevention of this severe
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reduced by applying improved medicine and modern
surgery techniques, nevertheless the problem has
not been solved (Alexander, 1992). The fact that
heredity of hip dysplasia has been established in 14
generations of dogs (benos u ap., 1990) suggests HD
is a serious problem.

Brass and Paatsama (1983) and Impellizeri et al.
(2000) have pointed out that HD most often occurs in
large fast-growing breeds of dogs.

Morgan’s (1988) studies show that, firstly, hip
joints in 4-8 months old dogs are not completely
developed, which is why x-ray diagnostic parameters
may be different, and, secondly, HD clinical and
radiographic picture in dogs my be similar to other
hip joint diseases, e.g., changes of traumatic nature,
dystrophies, abnormalities caused by Leg Perthes
disease, and others.

Taking into consideration these factors, several
criteria are developed and suggested for analyzing
and estimating x-ray photographs. They are based on
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measurements of the correlated position and angles of
the hip acetabulum, femoral head, and femoral neck
in case of normal condition and dysplasia (Kapatkin
et al., 2004). It is of great importance to investigate
these parameters in young dogs because the changes
associated with hip dysplasia are not always apparent
radiographically (Lust et al., 2001; Mayhew et al.,

2002).

The objectives of the research were to determine
mutual correlations among some morphometrical
measurements of the hips and their use in the
diagnostics of hip dysplasia.

The scientific novelty of the research is associated
with the evaluation of statistical significance
of some morphometrical parameters in order to
optimize the evaluation of radiograms and to reduce
subjectivity in evaluation making diagnosis ‘“hip
dysplasia”.

The aim and objectives of the research were:
1) to determine x-ray morphometrical parameters

used in diagnostics of hip dysplasia: Norberg
angle (X1), inclination angle (X2), tangential
angle (X3), location of geometrical centre of
femoral head (X4), width of the lateral joint gap
(X5), width of the medial joint gap (X6), and
distraction index (X7);

2) to investigate correlations among x-ray
morphometrical parameters in case of hip
dysplasia in Rottweilers and other dog breeds;

3) to investigate agreement or differences between
x-ray morphometrical parameters in Rottweiler
breed dogs;

4) to investigate agreement or differences between
x-ray morphometrical parameters in other dog
breeds;

5) to carry out a comparative verification of
some x-ray morphometrical parameters by
multifactorial and unifactorial regression analysis
between Rottweilers and other dog breeds in case
of hip dysplasia;

6) to investigate correlations between some x-ray
morphometrical parameters within a breed,
as well as between Rottweilers and other dog
breeds.

The basic aim of the research was to reduce
subjectivity in evaluation of x-ray photographs.

Materials and Methods

Sixty two dogs of different breeds, sex, and
age, exhibiting different-degree fore- and hind limb
lameness of uncertain etiology, were examined
(Table 1).

The x-ray examination was made using PHILIPS
MCD 125 No. 0 41 WB 18E01 x-ray appliance in
compliance with the requirements of the International
Association of Cynology (FCI). A template (25305-S)
with a circle diameter of 4-40 mm and protractor
LOGAREX 34023 were used to determine the x-ray
morphometrical parameters.

To make a good radiography, the animals were
anesthetized applying a combination of 100 mg ml?
of ketamine and 5 mg ml? of diazepam (valium) — 1
ml per 10 kg of body weight. After that, the dog was
fixed on its back, and radiography was made in the

Table 1
Breed, sex and age of the examined dogs
Sex Age Total
Breed number
female male under over
of dogs
1 year 1 year
Rottweiler 9 27 32 4 36
Mastino Napoletano 1 5 5 1 6
Chow Chow 1 4 4 1 5
German Sheperd 2 3 3 2 5
Caucasian Sheepdog - 3 2 1 3
Staffordshier Terrier - 2 - 2 2
Landseer - 1 - 1 1
Doberman Pinscher - 1 - 1 1
Bull Terrier - 1 1 1
Mid-Asian Sheepdog 1 - 1 - 1
Bullmastiff 1 - - 1 1
Total number of dogs 15 46 47 14 62
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ventrodorsal projection with stretched and parallel
placed hind legs.

The data of x-ray morphometrical parameters,
obtained as a result of radiographical examination of
hip joints in the dorsoventral standard position, were
used for expanded analysis.

Radiographical parameters of hip joints, from
X1 to X7, were determined in radiograms. The
measurement results were arranged according to the
dog breed (Rottweilers and other dog breeds) and
separately for the right and left hip joint. The aim
of further calculation was to find out whether the
difference in mean values of the right (LX1-LX7)
and left (KX1-KX7) hip joint parameters between
Rottweilers and other dog breeds is significant.

In case of hip dysplasia, differences in some
parameters were established within a breed, but
differences in some x-ray morphometrical parameters
— between Rottweilers and other dog breeds. Using
the data of linear regression analysis in uncertain
cases with Rottweiler breed dogs in order to verify
the diagnosis according to the significance of factors,
it is suggested to use the following morphometrical
parameters: medial joint gap (X6), tangential angle
(X3), inclination angle (X2), location of geometrical
centre of femoral head (X4), and lateral joint gap
(X9).

The statistical data processing was performed
using Microsoft Excel 97. The arithmetical mean,
mean standard error, and Student’s t-test were
calculated in order to evaluate the confidence of
differences of the obtained results (Arhipova, Balina,
2003; Christensen, 1996).

Data were considered different when the
confidence level was lower than 0.05 (p<0.05 or
P=95%).

Results

A comparison of mean values of morphometrical
parameters of the right hip joint was made between
Rottweilers and other dog breeds suffering from HD.

In Rottweiler breed dogs, hip dysplasia of the
right hip joint was established in 24 (67% of cases)
out of 36 examined dogs. In other breeds of dogs, the
right hip dysplasia was found in 17 (65% of cases)
out of 26 examined animals.

The mean values and standard error of the
parameters from LX1 to LX7 of the right hip joint
in Rottweilers and other dog breeds are given in
Table 2.

Calculations showed that the average age of
Rottweilers with HD is 8.2 months (standard error
+0.93), but of other breed dogs with HD — 11.5
months (standard error £1.76).

By using t-test it was established that Rottweilers
with HD are younger than other breed dogs with
HD (with probability P=94%, which is close to
significant).

Analysis (estimating by P-value percentage) of the
mean indices of parameters LX1, LX2, LX3, LX4,
LXS, and LX6 showed that there were no significant
differences in the mean values of parameters between
Rottweilers and other dog breeds affected with HD._

Calculating the mean value by variable LX7,
it was found that in Rottweilers X _=0.45

mean

(dispersion 0.09). By using t-test it was established

Table 2

The mean values and standard error of morphometrical parameters of the right hip joint in
Rottweilers and other dog breeds

Rottweilers Other dog breeds
Unit of (n=24) (n=17) Probability,
Parameter measurement mean+ mean+ P
standard error standard error

LX1 (Norberg angle) degrees 88.12 +2.57 86.58 +5.27 60%
LX2 (inclination angle) degrees 136.86 £ 1.90 135.67 £1.89 67%
LX3 (tangential angle) degrees 17.70 £3.61 9.82 +6.20 86%
LX4 (placement of

the geometrical centre of mm 0.42 +0.67 -0.38 £ 1.09 73%
the CFH)

LXS (lateral joint gap) mm 1.70 £0.20 1.41+£0.22 82%
LX6 (medial joint gap) mm 2.86 +0.22 3.06 +£0.29 70%
LX7 (distraction index) 0.44 +£0.07 0.31+0.03 94%

Note: probability is significant if P> 95%.
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that with probability P=94% (which is close to
significant), parameter LX7 in the right hip joint
in Rottweilers is more expressed than in other dog
breeds.

Comparison of the Mean Values of Morphometrical
Parameters of the Left Hip Joint in Rottweilers
and Other Dog Breeds

An analogous division of the left hip joint
parameters was made. In Rottweiler breed dogs, hip
dysplasia of the left hip joint was found in 23 (64%
of cases) out of 36 examined dogs. In other breeds
of dogs, a unilateral HD was observed in 16 (61% of
cases) out of 26 examined dogs. The mean values and
standard error of the evaluated parameters from KX1
to KX7 are presented in Table 3.

Analysis of the mean values of variables
KX1, KX2, KX4, KX5, and KX7, as well as
estimation of differences between the breeds show
no significant differences in above-mentioned
mean indices between Rottweilers and other
dog breeds.

Calculating the mean value by variable KX6, in
Rottweiler breed dogs Xmean=2.88 with dispersion
of 0.26. By using t-test it was established that
there is a significant difference with probability
P=99%, i.e., in Rottweiler breed dogs with HD,
the width of medial joint gap is larger than in other
dog breeds.

Calculating the mean value by variable KX3
(tangential angle), in Rottweiler breed dogs
X on=22.56 (dispersion 406.07), but in other breed
dogs X, .. =6.37 (dispersion 581.45). By using t-test
it was established that with probability P=97%,
tangential angle in Rottweilers is larger than in other
dog breeds.

Verification of Mutual Linear Relationship between
Morphometrical Parameters of Rottweilers and
Other Dog Breeds

Mathematical data processing was carried out
to determine possible mutual relationship between
parameters, i.c., between Norberg angle (X1) and
other parameters (X2, X3, X4, X5, X6, and X7).
Close, medium close, and poor linear relationship
examples are seen in Figures 1-3.

At first, statistical data verification was performed
to find whether all parameters are mutually
independent. That is necessary to get to know by
which of the variables the dog can be considered as
hip dysplasia affected. A situation is possible that
the result of one parameter duplicates the dependent
parameter result. In such cases there is an opportunity
to decline to use any of the parameters in making
diagnosis of the disease.

In all examined animals, parameters of the right
and left hip joint (X1-X6) were compared and verified
whether they are mutually dependent. In the result of
verification it was established that all the data form an
uncorrelated group of points, which, in turn, indicates
that all parameters are mutually independent.

In order to evaluate the linear relationship among
parameters more precisely, a table with correlation
coefficients between the parameters (r:i\/ﬁ 2)
was made (Table 4). It should be pointed out that
correlation coefficient r characterizes only closeness
of the linear relationship between the parameters.

Analysis of the obtained correlation coefficients
demonstrates that there is linear relationship between
some of the parameters. A close linear correlation can
be predicted between Norberg angle (X 1) and location
of geometrical centre of femoral head (X4) (r=0.82),
amedium linear correlation — between Norberg angle

Table 3
The mean values and standard error of the left hip joint
Rottweilers Other breed dogs
Unit of (n=23) (n=16) Probability,
Parameter measurement mean =+ mean + P
standard error standard error

KX1 (Norberg angle) degrees 90.56 £2.48 88.68 £4.16 65%

KX2 (inclination angle) degrees 136.50 +2.88 138.63 £2.28 72%

KX3 (tangential angle) degrees 22.56 +£4.20 6.37 £6.02 97%

KX4 (placement of the

geometrical centre of the mm -0.10+0.61 0.37+£1.02 65%

CFH)

KX5 (lateral joint gap) mm 1.94+0.23 1.78 £0.29 67%

KX6 (medial joint gap) mm 2.88+0.17 2.20+0.13 99%

KX7 (distraction index) 0.30 £0.05 0.27£0.07 62%
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Fig. 1. A close correlation between Norberg angle (X1) and location of
geometrical centre of femoral head (X4).
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Fig. 2. A medium close correlation between Norberg angle (X1) and tangential angle (X3).

(X1) and tangential angle (X3) (r=0.64), whereas
between other parameters — a poor or insufficient
mutual relationship (correlation). The correlation is
close, if r=0.81 or higher, medium — if r=0.60-0.80,
and poor — if r=0.60 or lower.

Inadequacy of Morphometrical Parameters to HD
Diagnosis in Rottweilers

Afterwards, health or clinical condition of dogs
and its adequacy or inadequacy to the morphometrical
parameters were examined.

Health or clinical condition of both Rottweilers
and other dog breeds were evaluated as healthy (i.e.,
clinically there were no signs of lameness syndrome):
the evaluated parameter (X1) was adequate to the
norm (morphometrically hip dysplasia was not
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established). And, contrariwise, both Rottweilers
and other dog breeds were evaluated as clinically ill
because the lameness syndrome was observed: the
evaluated parameter (X 1) was not adequate to the norm
(morphometrically hip dysplasia was established).

The obtained data show diversities in diagnosing
lameness, i.e., lameness is diagnosed but x-ray
morphometrical parameters are adequate to the norm
(the morphometrical parameter is not changed which
does not indicate hip dysplasia), and, vice versa,
there are no signs of lameness syndrome but x-ray
morphometrical parameters do not correspond to
the norm (morphometrical parameters indicate hip
dysplasia).

The total number of observations, their adequacy
or inadequacy to the norm, and percentage of
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Fig. 3. A poor correlation between Norberg angle (X1) and the width of lateral joint gap (X5).

Table 4

Correlation coefficient (r) between parameters of hip joints in
Rottweilers and other dog breeds with hip dysplasia

Parameters X1 X2 X3 X4 X5 X6 X7
X1 1 0.09 0.64 0.82 0.06 0.03 0.38
X2 1 0.15 0.01 0.03 0.35 0.14
X3 1. 0.50 0.28 0.16 0.01
X4 1 0.09 0.29 0.20
X5 1 0.04 0.18
X6 1 0.40
X7 1

Notations: X1 — Norberg angle, X2 — inclination angle, X3 — tangential angle, X4 — location
of geometrical centre of femoral head, X5 — width of the lateral joint gap, X6 — width of the

medial joint gap, and X7 — distraction index.

inadequacy are presented in Table 5. Evaluating the
numerical indices of the examined parameters, it
may be hypothetically affirmed that parameter X1 in
Rottweilers is informative enough and may be used in
HD diagnostics without establishing other parameters.
Parameter X3 is partly informative, but parameters
X2, X4, X5, X6, and X7 are not informative enough
to be used in HD diagnostics without establishing
other parameters.

Inadequacy of Morphometrical Parameters to HD
Diagnosis in Other Dog Breeds

Parameters of hip joints in other dog breeds were
evaluated and grouped similarly as in Rottweilers.
Table 6 demonstrates data of the total number of
observations, their adequacy to the norm, as well
as percentage of inadequacy. The data suggest that
parameter X1 in other dog breeds is informative
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enough to be used in HD diagnostics without
establishing other parameters. Parameter X6 is partly
informative, but parameters X2, X3, X4, X5, Xo,
and X7 are not informative enough to be used in HD
diagnosis in other dog breeds without establishing
numerical values of other parameters.

Adequacy of Morphometrical Parameters to HD
Diagnosis in Rottweilers and Other Dog Breeds
At the next stage of the research, verification
of the adequacy of the variable X1 to the norm
and diagnosis was carried out. It was assumed
that clinical examinations are not adequate to
the diagnosis of hip dysplasia in the following
cases:
— parameter X1 is inadequate to the norm (HD
was established radiographically) but the dog is
clinically healthy;
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Table 5
The inadequacy of examinations to HD diagnosis in Rottweilers
Indices Number of examinations
X1 X2 X3 X4 X5 X6 X7
Inadequate 2 25 14 23 36 18 14
Adequate 70 39 58 40 34 50 48
Total 72 64 72 72 70 68 29
Inadequate, % 3 39 19 32 51 26 48
Notations: see Table 4.
Table 6
The inadequacy of examinations to HD diagnosis in other dog breeds
Indices Number of examinations
X, X, X, X, X, X, X,
Inadequate 2 25 18 20 22 15 10
Adequate 50 25 34 32 28 33 7
Total 52 50 52 52 50 48 17
Inadequate, % 4 50 35 38 44 31 59
Notations: see Table 4.
Table 7
The adequacy of indices of Norberg angle to HD diagnosis
Breed Adequate Inadequate Total
Number of examinations
Rottweilers 2 70 72
Others 2 50 52
Total 4 120 124
70%
60%
50% ]
40% O Rottweilers
30% B Other breeds of dogs

20%

10%

0% il

X1 X2 X3 X4 X5 X6 X7

Fig. 4. The inadequacy of the lameness syndrome, observed clinically, to morphometrical diagnosis (HD) in
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Rottweilers and other dog breeds.
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— parameter X1 is adequate to the norm (HD was
not established radiographically) but the dog is
clinically ill.

Changes in attributes depending on the breed of a
dog are given in Table 7.

The adequacy of the division of the observation
number of qualitative samples to the division of
the theoretical observation number is verified by y?
method.

It was established that the inadequacy of the
parameter X1 measurements to the diagnosis
does not depend on the breed of a dog (P=95%).
Consequently, it can be concluded that the dog of
any breed is healthy if parameter X1 is adequate to
the norm, but the dog is ill with hip dysplasia if the
parameter is inadequate to the norm. The inadequacy
of the Norberg angle parameters to the norm
and diagnosis varies within 3-4%. This suggests
that parameter X1 can be used in HD diagnostics
independently of other parameters, but the other
parameters (X2 to X7) should be used to make the
diagnosis more precise.

Discussion

Analysis of the mean indices of morphometrical
parameters LX1, LX2, LX3, LX4, LX5, and LX6
showed that there are no significant differences in
the mean values of parameters between Rottweilers
and other dog breeds with HD (estimating by P value
percentage).

Comparing morphometrical parameters between
the right and left hip joints in Rottweilers and other
dog breeds, it was established that the distraction
index (LX7) in Rottweilers is more expressed and
is close to significant (P=94%). In the left hip joint
there were significant differences in parameters of
medial joint gap (KX6) (P=99%) and tangential angle
(KX3) (P=95%), i.e., in Rottweilers these parameters
are more expressed than in other dog breeds.

Evaluating  linear  relationship  between
parameters, it may be predicted that there is a close
linear correlation (r=0.82) between Norberg angle
(X1) and location of the geometrical centre of the
femoral head (X4), a medium linear correlation
(r=0.64) between Norberg angle (X1) and tangential
angle (X3), but between other parameters there is
a poor or insufficiently close mutual relationship
(correlation).

In compliance with the criteria accepted by
FCI (Federation Cynologique Internationale) in
1983, the Norberg angle value is one of the most
universal morphometrical parameters in hip dysplasia
diagnostics (Morgan, Stephens, 1988; Banfield,
Bartels, 1996; Slatter, 1985; Whittick, 1974; Cook et
al., 1996), which is also confirmed by our study. The
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established inadequacy of this parameter to diagnosis
is within the range of 3-4%. In cases when the
inadequacy of the Norberg angle between the norm
and diagnosis is within the range of 3% in Rottweilers
and within the range of 4% in other dog breeds, it is
possible to apply linear regression analysis to find out
which of the parameters (X2-X6) is more informative
and can be used in making a more precise diagnosis
of hip dysplasia.

The present study proves that Norberg angle
is the most relevant and universal morphometrical
parameter to confirm diagnosis of HD according
to FCI requirements and this measurement is not
affected by the breed of a dog as well.

Norberg angle. In compliance with FCI
requirements, dogs with the size of Norberg angle
105° or more are considered HD unaffected or
free of HD (Brass, Paatsama, 1983). In the present
research, the Norberg angle value in Rottweiler breed
dogs was from 67° to 104° with the average value of
88.12°+2.57°, but in other dog breeds — from 76° to
104° with the average value of 86.58°+5.27°, which
indicates hip dysplasia.

Inclination angle. In the literature, authors’
opinions on the normal values of the inclination angle
differ. Fox and Burt (1996) consider that a normal
inclination angle should be 145°. Hauptman et al.
(1985), and Retenmaier and Constantinescu (1991)
are of a similar opinion: a normal value of this angle
is 146°. Braden and Prieur (1992), in turn, believe
that the average inclination angle is 149° varying
within the range from 141° to 157°.

In the examined Rottweilers, value of the
inclination angle was from 115° to 165° with the
average value of 136.86°+1.90°, but in other dog
breeds — from 119° to 153° with the average value of
135.67°+1.89°, which suggests that in the examined
dogs the average value of this angle is smaller —
within the range from 141° to 157°.

Banfield and Bartels (1996) had established that
the average value of the inclination angle in healthy
German Shepherds was 13.49°+5.00°, but in healthy
Belgian Malinoises — 132.55°+4.51°. Whereas in
dogs affected with hip dysplasia, the average value
of the inclination angle was: 132.58°+5.35° in
German Shepherds, and 128.69°+3.39° in Belgian
Malinoises.

Tangential angle. Hauptman et al. (1985) have
pointed out that there is a correlation between the
subluxation force (the value is not mentioned) and
craniodorsal side slope of the acetabulum (tangential
angle). At a smaller subluxation force (the value is
not mentioned) the tangential angle is 18°, but at a
larger subluxation force (the value is not mentioned)
the tangential angle is 40°.
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Using Mitin’s skiagram, Belov et al. (benos n
ap., 1990) have found that a negative tangential angle
corresponds to the norm, whereas a positive tangential
angle (the values of angles are not mentioned) is
observed in pathological cases.

In our research, the tangential angle of the left hip
joint in Rottweilers was from minus 30° to plus 48°
with the average value of 17.70°+3.61°, but in other
dog breeds — from minus 38° to plus 63° with the
average value of 9.82°+6.20°.

Location of the geometrical centre of the
femoral head. If the geometrical centre of the
femoral head is located laterally of the sagittal line
(drawn parallel to the longitudinal axes of the body),
it indicates a subluxation of the relevant joint (one
of HD signs). Morgan and Stephens (1988) have
described a method that can be used in making
HD diagnosis. We supplemented this method with
positive and negative numerical values. The medial
location of the geometrical centre of the femoral head
was indicated as a positive numerical value, but the
lateral location — as a negative numerical value.

In Rottweilers, location of the geometrical centre
of the femoral head against the sagittal line was from
minus 9.4 mm to plus 6.7 mm with the average value
0f 0.42+0.67 mm, but in other breeds of dogs — from
minus 5.5 mm to plus 6.4 mm with the average value
0f 0.38+1.09 mm.

Width of the lateral and medial joint gap.
Banfield and Bartels (1996) do not indicate any
correlation between the width of joint gaps and hip
dysplasia.

In our study, the medial and lateral joint gap was
measured in millimeters to be able to carry out further
calculations and data analysis. In Rottweiler breed
dogs, the width of the lateral joint gap was from 0.5
mm to 4.5 mm with the average value of 1.70+0.20
mm, but the width of the medial joint gap — from 1
to 5.5 mm with the average value of 2.86+0.22 mm.
In other dog breeds, the width of the lateral joint gap
was from 0.5 mm to 3.4 mm with the average value
of 1.41£0.22, but the width of the medial joint gap
— from 1.5 mm to 4.8 mm with the average value of
3.06+0.29 mm.

Distraction index. In the veterinary literature,
Smith et al. (1990) are the first who wrote about
the use of distraction index (DI) method. The index
applied in the new method is fixed from 0 to 1, where
0 means complete joint congruence, and 1 — extreme
joint laxity. The permissible standard or amount of
distraction index is 0.3 (Smith, 1997).

Accordingto Smithetal. (1990), the recommended
projection for calculation of DI is dorsoventral
position of the animal with hind legs perpendicularly
lifted and forcedly laterally spread in hip joints.
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In our study, the formula to calculate the distraction
index is equated to the classical dorsoventral position.
The results showed that in Rottweilers the distraction
index is from 0.07 to 0.99 with the average value of
0.4440.07, but in other dog breeds — from 0.08 to
0.56 with the average value of 0.31+0.03.

Conclusions

1. The obtained results suggest that hip dysplasia
as an orthopedic disease occurs in various fast
growing dog breeds in Latvia. Hip dysplasia was
established in 75% out of the total number of
examinations.

2. Hip dysplasia comparatively more often occurs
in Rottweiler breed dogs (in 42% out of the total
number of cases, and in 72% out of the examined
Rottweilers).

3. The value of Norberg angle is the most important
and universal morphometrical parameter in HD
diagnostics.

4. The tangential angle of the left hip joint (KX3)
with probability P=97% in Rottweilers is larger
than in other dog breeds affected with hip
dysplasia.

5. The medial joint gap of the left hip joint (KXO6)
with probability P=99% is larger in Rottweilers
than in other dog breeds.

6. The Norberg angle value does not depend on the
breed of adog (P=95%). The inadequacy between
the norm and the diagnosis is 3-4%, indicating
that parameter X1 (Norberg angle value) may
be used in HD diagnostics independently of
other parameters, but other parameters (X2-X7)
should be used for making the diagnosis more
precise.
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Anotacija

Petijums veikts Latvijas Lauksaimniecibas universitates Veterinarmedicinas fakultates Kliniskaja institata.
Petijuma mérkis bija noteikt un salidzinat dazus rentgenomorfometriskos parametrus jauniem rotveileru
un citu skirpu suniem giizu locitavu displazijas gadijuma. Rentgenogrammas, kas veiktas dorsoventralaja
standartpozicija, noteicam $adus gizu locitavu morfometriskos parametrus: Norberga lenki (X1), ciskas
kaula kakla inklinacijas lenki (X2), ciskas kaula kakla geometriska centra novietojumu attieciba pret sagitalo
Itniju, kas novilkta paraléli kermena garenvirziena asij, sakot no locitaviedobuma kraniodorsalas malas (X3),
tangencialo lenki (X4), lateralo locttavas spraugas platumu (X5), medialo locitavas spraugas platumu (X6)
un distrakcijas indeksu (X7). Péc tam tika veikta parametru savstarp€ja salidzinasana starp labo un kreiso
giizas locitavu, ka arT parametru vidgjas vertibas salidzinasana starp rotveileru un par&jo sunu skirném. P&c
parametru salidzinaSanas konstatetas atsevisku parametru atSkiribas starp labo un kreiso giizas locitavu gan
Skirnes ietvaros, gan ar salidzinajuma starp sunu Skiném. Novertgjot noteikto parametru skaitliskas vertibas,
konstatéts, ka Norberga lenka (X1) lielums ir pietiekami informativs, lai to var€tu izmantot gtizu locitavu
displazijas diagnostika bez pargjo parametru izmantoSanas, un §1 lenka lielums nav atkarigs no supa Skirnes.
Parametri no X2 Iidz X7 ir dalgji informativi un tos var izmantot diagnozes noteikSanai un precizé$anai 3—4%
neskaidro gadijumu.
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Udenu kvalitates standarta noteik§ana péc biogéno elementu
koncentracijas notecé no lauksaimnieciba izmantotajam platibam
Setting of the Water Quality Standards for Nutrients in Runoff from
Agricultural Land

Ainis Lagzdins, Viesturs Jansons, Kaspars Abramenko
LLU Vides un tidenssaimniecibas katedra
Department of Environment Engineering and Water Management, LLU
e-mail: Ainis.Lagzdins@llu.lv

Abstract. The paper deals with surface water quality assessment and recommendations for the classification
system based on nutrients concentrations. For EU Member States, the overall aim of the Water Framework
Directive (WFD) is to achieve “good ecological status” and “good surface water chemical status” in all water
bodies by 2015. Human activities, including the use of fertilizer and manure in agriculture, have caused
widespread increase in the content of nitrogen and phosphorus in the streams. Therefore agricultural runoff is
the main subject of research. To determine nutrient concentrations in drainage outlets and small catchments,
water quality data was collected monthly over twelve years (1994-2006) in two agricultural monitoring
sites “Berze” and “Mellupite” with the measurement structures and water sampling equipment. All available
total nitrogen (N,,) and total phosphorous (P,) concentration data were analyzed using normal distribution
curves. According to Stergess formula, class intervals (c) depending on the number of observations (n) were
calculated. Percentile selections of data plotted as frequency distribution were used to establish boundaries of
water quality standards. The research showed that in small agricultural streams good chemical status represents
concentrations of <2.5 mg N L™ and <0.05 mg P L™, but in drainage system water —< 5.5 mg N, L™*and
<0.02mg P L™ The most important finding of the research is that water quality standards for drainage water
as well as for small catchments with intensive agriculture should be less stringent than for rivers, otherwise it
will not be possible to fulfill the objectives set by the WFD.

Key words: nitrogen, phosphorous, agricultural runoff, water quality standards.

Ievads

NodroSinajums ar augstas kvalitates ddens
resursiem ir  bitisks cilvéka saimnieciskas
darbibas priekSnosacijums. Pazemes un virszemes
tdenus cilvéks izmanto ne tikai ka dzeramo
fdeni, bet arT ripnieciba, partikas produktu

notektideniem, ka arT no izkliedétiem (difuzajiem)
avotiem — noteces no lauksaimniecibas platibam vai
apdzivotam teritorijam.

Lauksaimnieciskas darbibas radita izkliedeta
piesarnojuma ietekmétie mazie sateces baseini un
drenu sist€mas ir hidrografiska tikla sakuma posms,

razoSana, elektroenergijas ieguve, zivsaimnieciba,
lauksaimnieciba, ka arT rekreacijas vajadzibam.
Vienlaicigi tdenu kvalitate ir Joti nozimigs faktors
gan saldiidens, gan jiiras ekosistému funkcionésana.

Cilveka saimnieciska darbiba tiesi vai netiesi var
izraisit Gidenu piesarnojumu. Dazadas rtpnieciskas
razotnes, pils€tu infrastruktira, transports un
lauksaimnieciba ir potencialie piesarnojuma avoti,
kuri ietekme Gdenu kvalitati. Piesarnojums var tiesi
nonakt virszemes un pazemes udenos, var lénam
parvietoties uz dzilakiem pazemes tidenu horizontiem,
uzkraties virszemes tdenos, ka arT nogulsnéties
no atmosferas. Piesarnojums rodas no punktveida
avotiem, pieméram, apdzivotu vietu notekiidenu
attiriSanas iekartu izpludes vietas, no lielfermu

96

kura iesp&jams novertet piesarnojuma ar biogénajiem
elementiem (slapeklis un fosfors) slodzi. Biogéno
elementu noplidi no diftizajiem avotiem ietekme
laika un telpas faktori, pieméram, mainigi klimatiskie
un  hidrologiskie  apstakli, = geomorfologiskas
Tpatnibas, augu seka un zemes lietojuma veids, tadel
to salidzinajuma ar punktveida piesarnojuma avotiem
ir gritak kontrolét un novertét (Vuorenmaa et al.,
2002).

Intensiva  lauksaimnieciba ir  viens no
galvenajiem izkliedéta piesarnojuma ar biog€najiem
elementiem emisijas avotiem, kas apdraud pazemes
tdenu kvalitati, izraisa virszemes un jiiras tidenu
eitrofikaciju, Baltijas jura dzilidens zonas skabekla
deficttu un toksinu izdalo$o zilalgu paradisanos. Par
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to liecina pétijumi ASV (The Quality of..., 1999),
ES (Nutrients in European ecosystems, 1999), ka ar1
Baltijas jiiras valstis (Nutrient Pollution to..., 2005).

Lidz ar iestasanos Eiropas Savieniba Latvija ir
apnémusies izpildit ES vides aizsardzibas prasibas.
Udenu struktiirdirektiva (Directive 2000/60/EC, 2000)
ir normativais akts, kas nosaka tidenu aizsardzibas
un ilgtsp&jigas apsaimniekoSanas principus un
uzdevumus Eiropas Savienibas dalibvalstis. Ta
paredz vienotu aizsardzibu un apsaimniekoSanas
sistému visiem tideniem: up€m, ezeriem, piekrastes
tideniem, ka arT pazemes Gideniem, nosakot, ka tiem
jasasniedz laba tidenu kvalitate 1idz 2015. gadam.

Udenu struktiirdirektiva prasa sakartot dalibvalstu
tidenssaimniecibu atbilsto§i ES prasibam. Latvija
direktiva ir iestrdadata Udens apsaimniekoSanas
likuma (Udens apsaimnieckoSanas likums, 2002) un
vairakos atbilsto§os Ministru kabineta noteikumos
(MK noteikumi Nr. 118,2002; Nr. 179, 2003; Nr. 283,
2003; Nr. 681, 2004; Nr. 736, 2003; Nr. 92, 2004; Nr.
858, 2004). Direktiva nosaka gan apzinat pasreizgjo
tidenu stavokli un iegit papildu datus, izpildot tidenu
monitoringu, gan uz situacijas raksturojuma pamata
izveidot ricibas programmu, kas uzlabotu tdenu
kvalitati.

ES direktivas un atbilstosie Latvijas Republikas
normativie akti nosaka tikai atseviSkus tdens
kvalitates robezlielumus, piem@ram, nitratu saturs
idenos nedrikst parsniegt 50 mg L' NO, (11.3 mg
L* N-NO,). ES dalibvalstts kop&ji Gidens kvalitates
standarti, nosakot kvalitates daljjumu klas€s p&c augu
baribas elementu koncentracijam, nav izstradati.
Udenu kvalitates vertésanas sistémas izveidosana ir
priekSnosacijums ES normativo aktu izpildei. Latvija
nepiecieSams noteikt Gidenu kvalitates standartus
notecei no lauksaimnieciba izmantotajam plattbam
ta, lai tiktu nodrosSinata iekSzemes tidenu ekosisteémas
funkcion&sana, ka arT lai biitu iesp&jams sasniegt
labas tdenu kvalitates biologiskos raditajus.

Darba meérkis ir analiz€ datus, kas raksturo
kvalitati notecei no lauksaimnieciba izmantotajam
platibam (drenu sisttmu un mazo sateces baseinu
tdeni), un izveérteét pasreiz€jas upju Tdensobjektu
vertesana izveletas biogéno elementu robezvertibas.

P&tniecibas darba uzdevumi ir:

— novertet  Odenu  kvalitdti  notecei  no
lauksaimniecibas zem&m, izmantojot ASV un ES
ieteikto metodiku,

— noteikt SIA ,,Carl Bro Latvija” priekslikumu
atbilsttibu 0denu  sateces baseiniem ar
lauksaimnieciba izmantojamo zemju Ipatsvaru
vairak neka 60%,

— dot ieteikumus drenu sisttmu un mazo sateces
baseinu (melioracijas sisttmu) fidenu kvalitates
klaSu izveidei intensivas lauksaimniecibas
apstaklos.

Materiali un metodes

Latvijas normativajos aktos upju tidenu kvalitates
standarti veél nav noteikti. Pagaidu klasifikacijas
sisttma izveidota Danijas un Latvijas valdibu
kopprojekta ,,ES Udenu struktiirdirektivas 2000/60/
EC ieviesana Latvija”, kura izpilditajs bija danu
konsultantu firma ,,Carl Bro” a/s sadarbiba ar
Latvijas konsultantu firmu SIA ,,Carl Bro Latvija”.
Tika ieteiktas piecas kvalitates klases (augsta,
laba, vidgja, slikta, loti slikta); katru no tam
raksturo noteikti biologiskie un kimiskie kriteriji —
saprobitates indekss, iz§kidusais skabeklis (minimala
koncentracija) (mg L%), biokimiskais skabekla
patérin§ (BSP,) (mg L%), kopgja fosfora saturs
(Pkop) (mg L7), kopgja slapekla saturs (Nkop) (mg
L) un amonija slapekla saturs (N-NH,") (mg L™)
(Transposition and Implementation ..., 2004). Ja dati
liecina, ka tidensobjekts, nemot véra iepriekSminetos
kritérijus, atbilst dazadam kvalitates klasém, to iedala
attieciga klas€ péc vissliktakas kvalitates parametra.
Kvalitates klases attiecinamas uz seSu tipu up&m.
Upju tipi noteikti, balstoties uz sateces baseina
laukumu, kritumu, straumes atrumu un gultnes
raksturojumu. Ta ka lauksaimniecibas notecei
visatbilstosakas ir potomala tipa mazas upes, tad tiesi
§1 tipa upju robezvertibas pec SIA ,,Carl Bro Latvija”
ieteikumiem lietotas salidzinasanai ar pétijuma
ieglitajiem rezultatiem. Biogéno elementu (Nkop un
P, p) ieteiktas robezvertibas redzamas 1. tabula.

SIA ,,Carl Bro Latvija” ieteikumos, nosakot
katras upju tdenu ekologiskas kvalitates klases

1. tabula/ Table 1

Upju uidenu kvalitates klases péc SIA ,,Carl Bro Latvija” priekslikumiem
River water quality classes according to recommendations of ,,Carl Bro Latvija” Ltd

Augsta / Laba / Vidgja / Slikta / Loti slikta /
High Good Moderate Poor Bad
Nkop / Nl"” <1.5 1.5-2.5 2.5-3.5 3.54.5 >4.5
mg L
P,/ P,
”f]’Fé L& <0.045 0.045-0.090 0.090-0.135 0.135-0.180 >0.180
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biogéno elementu robezvertibas, netika izmantotas
lauksaimniecibas notecu monitoringa datu bazes un
statistiskas datu apstrades metodes, ka arT netika nemti
vera fidenos pakapeniski notiekosie procesi (noteces
atSkaidiSanas, sanesu nogulsnésanas, denitrifikacija
u.c.), kuros notiek augu baribas elementu aizture.
Lidz ar to notecei no lauksaimnieciba izmantotajam
platibam, kur tikai sakas Gidenu kvalitates veidoSanas,
ir janosaka atSkirigas jeb mazak stingras kvalitates
prasibas neka upju tdeniem.

Vertgjot kvalitates klasu kriteriju robezvertibu
pamatotibu notecei no lauksaimniecibas zemém,
izmantoti LLU Vides un tidenssaimniecibas katedras
veikta  lauksaimniecibas noteCu  monitoringa
hidroktmiskie dati, kas iegiti monitoringa stacijas
»Mellupite” (Saldus rajons) un ,,Bérze” (Dobeles
rajons), attiecigi Ventas un Lielupes upju baseinu
apgabalos, laika no 1994. Iidz 2006. gadam.

Monitoringa stacijas un lidz ar to arT sateces
baseini izvéleti, jo tie reprezente platibas ar intensivu
lauksaimniecisko darbibu Latvija (lauksaimnieciba
izmantojamo zemju Tpatsvars vairak neka 60%).
Monitoringa staciju un sateces baseinu raksturojums
apkopots 2. tabula. Stacijas iegiitie rezultati apvienoti
viena datu paraugkopa.

Sateces baseina un drenu sist€mas [imeni
automatiska rezima uz mériekartas tiek noteikts idens
Itmenis un izrekinats tam atbilstoSais caurplidums.
Abos monitoringa ITmenos automatiski, proporcionali
caurplidumam, polieteléna konteineros tiek atsiikn&ti
un uzkrati kompoziti idenu paraugi. Ne retak ka
reizi ménest Gidenu paraugi tiek nogadati Latvijas
Hidroekologijas institiita kimijas laboratorija, kur ar

akreditétam testéSanas metodeém LVS 340:2001 un
LVS EN 1189:1996 nosaka attiecigi kopgja slapekla
un kopgja fosfora savienojumu koncentracijas.
Savaktas datu rindas dod iesp&ju analiz&t noteces
apjomu un kvalitati lauksaimnieciba izmantojamas
platibas.

Petljumu rezultata iegiitie empiriskie dati
apstradati un analiz€ti, izmantojot matematiskas
statistiskas metodes. No monitoringa rezultatu
datu paraugkopas izveidotas vid€jo, maksimalo un
minimalo vertibu liknes, ka arT normala sadalfjuma
liknes, kuras raksturo savstarpgji saistitas skaitlu
rindas: petamas pazimes vertibas un tam atbilstosie
atkartoSanas biezumi jeb frekvences. Atkariba no
noveérojumu skaita ieteicama klasu intervala garuma
noteikSanai lieto Sterdzesa vai Breksa formulu
(Arhipova, Balina, 1999).

Ja n<100, lieto Sterdzesa formulu:

c=(X,, - X x@+3.321gn))*, (1)

max

jan>100, izmanto Breksa formulu:

Cc= (Xmax - Xmin )X (5 Ig(n))%L ’ (2)
kur
n—
Cc—

noverojumu skaits;

klasu intervalu garums, mg L,

noverojumu paraugkopas lielaka vertiba,
mg L%

— noverojumu paraugkopas mazaka vertiba,

mg L.

X

max

X

min

2. tabula / Table 2

Monitoringa staciju un sateces baseinu raksturojums
Characteristics of monitoring stations and watersheds

Monitoringa stacija / Limenis / Level Platiba, ha / Augsne / Aprikojums /
Monitoring station Area, ha Soil Equipment

Mazais sateces Krampa pargazne, datu
baseins / 960 logeris / Crump weir,
Small catchment data logger

Mellupite Smil$mals /
Drenu Loam Trijstira pargazne, datu
sistéma / Drainage logeris / Triangular weir,
system 12 data logger
Mazais sateces Modificeta Krampa tipa
baseins / 368 pargazne ar V-veida profilu,
Small catchment Puteklains datu logeris / Modified

Bérze smilSmals / Crump V-weir, data logger

Silty clay
Drenu loam Trijstara pargazne, datu
sistéma / Drainage 77 logeris / Triangular weir,
system data logger
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Balstoties uz ASV (Nutrient Criteria ..., 2000)
un ES (Cardoso et al., 2001; River and lakes ...,
2003) ieteikto vert€Sanas metodiku, uz Udenu
kvalitates raditaju normala sadalijuma likném atliktas
procentualas robezas, kuras atdala fidenu kvalitates
raditaju vertibas noteiktu klasu ietvaros. Par nosaciti
nepiesarnotu dabas tdenu stavokli (fona vértiba)
iesaka uzskatit videjo lielumu starp nepiesarnotu upju
(fona upes) kvalitates raditaja koncentraciju ar 75%
nodro$indjumu un paréjo upju koncentraciju ar 25%
nodrosinajumu (1. att€ls). Kvalitates klasu dalfjumam

Fona vértiba /

izmantotas procentualas robezas iesaka saistit ar Sadu
aprekinu nodrosinajumu: <10% — augsta, 10%-25%
— laba, 25%— 75% — vidgja, 75%—-90% — slikta, >90%
— loti slikta kvalitate.

Rezultati un diskusija

P&tamaja perioda, izmantojot datus no Mellupites
monitoringa stacijas, maza sateces baseina ITment tika
noteikti méneSu vidgjie, maksimalie un minimalie
noteces daudzumi (2. att€ls). Konstatéto vertibu
intervali ir TpaSi mainigi gada rudens, ziemas un

25 Fona upes / Reference value
Reference streams .

| o,
220 \ 7‘.5 & 2’? o Visas upes /
§ \ i All streams
g15 : |
& i ‘
£10 i :
= 1 1
)qN) II H
551 AN

0 T : I\
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

koncentracija / concentration, mg L'

1. att. Fona koncentraciju noteiksana péc ASV Vides aizsardzibas agentiiras metodikas.

Fig.

1. USA Environmental Protection Agency method recommended for determination of reference values.
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2. att. Ménesu vidgja, maksimala un minimala notece (1994.-2006. g.).
Fig. 2. Monthly average, maximal and minimal runoff (1994-20006).
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pavasara perioda, bet ne tik izteikti mainigi vasaras
perioda. Sadas noteces svarstibas (palielinsanos)
aukstaja perioda ietekm& gaisa temperatiru un
atmosfeéras  nokriSnu  nepastavigums, augsnes
sasalSana, sniega akumulacija un kuSana. Savukart
vasaras perioda, kad sastopamas augstakas pozitivas
temperatiiras, noteci liela mera var samazinat
evapotranspiracija (iztvaikoSana no augsnes un
augiem), Udens uzkraSanas augsné€ un piepludes/
nopliides procesi no gruntstideniem.

Gada griezuma ar noteci saistitie dabas procesi ir
mainigi. Vegetacijas stavoklis, nokri$nu daudzums,
gaisa temperatiira, noteces daudzums un intensitate
pa gadiem ir galvenie mainigie, kas nosaka @idenu
kvalitati sateces baseina. Kopg&ja slapekla ménesu
vidgjo koncentraciju noveérojumos ir konstatetas
tendences, kuras var salidzinat ar noteces slana
vidgjo vertibu svarstibam (2. un 3. att€ls). Ménesu
vidgjas vertibas ir dazadas, tomé&r koncentraciju
izmainas vasaras ménesos nav tik izteiktas, saltdzinot
ar gada mitrakajiem periodiem. Ziemas, rudens un
pavasara periodos koncentraciju vidgjas vertibas ir
lielakas un ar lielaku svarstibu amplitidu ilggadiga
griezuma.

Maksimalas kopgja slapekla koncentracijas
novérotas parmitros rudens periodos pec izteikti
sausam vasaram. 2003. gada sausuma periods,
kas ilga no augusta sakuma Iidz septembra vidum,
un tam sekojoSais lielais noteces daudzums bija
celonis konstat€tajai maksimalajai kop&ja slapekla
koncentracijai iideni— 15.97 mg L. Savukart, peksns
kopgja slapekla koncentracijas paaugstinajums parasti

tiek saistits ar lietusgaz&m; §1fenomena skaidrojumam
lieto terminu ,,skalosanas efekts” (Burt et al., 1993).

Galvenais mehanisms tam, ka fosfora savienojumi
nonak dideni, ir virszemes noteces procesi. No ta
izriet, ka ja neveidojas virszemes notece, tad arl
fosfora nopliide ir nenozimiga (Tunney et al., 1997).
Mellupites sateces baseina virszemes notecei ir
neregulars, gadijuma raksturs, 11dz ar to monitoringa
postent konstatetas vidgjas fosfora koncentraciju
vertibas ir nevienmérigas un svarstas plasas robezas
—n0 0.055 mg L*1idz 0.135 mg L.

Monitoringa stacijas ,,Mellupite” un ,,Beérze”
ieglitie sateces baseinu Gidenu kvalitati raksturojosie
dati parada butiskas atSkiribas starp ziemas un
vegetacijas periodiem (attiecigi oktobris—marts un
aprilis—septembris). Ziemas perioda analizéti 150
tdenu paraugi, vegetacijas perioda — 134. Vegetacijas
perioda iegiits mazak paraugu, jo vasara izteikta
sausuma apstaklos tidensteces ir izsikuSas. Vertibas
att€lotas, izmantojot normala sadalfjuma liknes
(4. attels). Periodi definéti saskapa ar Nitratu
direktivas monitoringa vadliniju (Draft guidelines for
..., 2003) ieteikumiem.

Ziemas perioda, it Tpasi gados ar mainigiem laika
apstakliem un nepastavigu sala periodu, tiek novérotas
ieverojami augstakas kopgja slapekla koncentracijas.
Lidz ar to nakotn€ klimata izmaigu rezultata
varétu palielinaties biogéno elementu nopliides no
lauksaimnieciba izmantotajam platibam. Vegetacijas
periods ir zimigs ar biog€no elementu intensivu
izmantoSanu augu attistibas procesos gan augsnes,
gan tdens vide, tade] konstatétas kopgja slapekla
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3. att. N,,, koncentracijas mazajos sateces baseinos (1994.-2006. g.).
Fig. 3. N, concentrations in small catchments (1994-2006).
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4. att. Sezonalas N, koncentraciju atSkiribas mazajos sateces baseinos.
Fig. 4. Seasonal differences in N, , concentrations in small catchments.
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5.att. N, koncentraciju salidzinajums drenu sist€mas un mazajos sateces baseinos.
Fig. 5. A comparison of N, concentrations in drainage systems and in small catchments.

vertibas ir zemakas. Salidzinot ziemas un vasaras
visbiezak novérotas kopé&ja fosfora koncentracijas,
var secinat, ka vértibu atkiribas ziema ir 0.11 mg L2,
vasara — 0.064 mg L. Lai gan ziemas un vegetacijas
periodi ir savstarpgji nesalidzinami (gaisa un tidens
temperatiiras, nokriSnu daudzums un intensitate,
noteces slanis), tom& mdsu pétjjuma ietvaros,
veidojot Gidenu kvalitates klasu dalfjuma ieteikumus,
sezonalas atSkiribas netiek nemtas veéra.

Drenaza ietekm@ augsnes tidens rezZima izmainas,
ka arT noteces kvalitati nosusinatajas platibas, Tpasi
lauksaimniecibaintensiviizmantotajasteritorijas(Burt
et al., 1993). Drenaza uzlabo kultiiraugu augsanas
apstaklus un palielina razu, jo iespgjama atraka
s€ja pavasari, samazinas augsnes parmitrinajums,
palielinas augsnes temperatiira, tiek veicinati aerobie
procesi augsné (Oquist et al., 2007). Aerobie procesi
augsné pastiprina organiska slapekla transformaciju

LLU Raksti 21 (315), 2008; 96-105

nitratu slapekli, kas var vieglak izskaloties no augsnes
profila ar drenu noteci (Burt et al., 1993). Savukart
baseina ITmenT sakas nitratu slapekla aiztures procesi,
pasi vegetacijas perioda.

Mellupites un Be@rzes monitoringa stacijas
konstatéta nitratu slapekla procentuala attieciba
pret kopé&jo slapekli baseinu ItmenT ir 62%, drenu
sisttmu tdenos — 90%. Tadgjadi arT kopgja slapekla
koncentracijas drenu fidenos ir augstakas (5. attls).

No drenu sisttmam virszemes Udenstece
nonakusais organiskais un neorganiskais slapeklis
tiek izmantots un transforméts wdens floras
metabolisma procesos. Sajos procesos piedalas tidens
makrofiti, krastu makrofiti, alges, mikro-heterotrofi
un denitrifikacijas  bakterijas. Transformacijas
procesi, tadi ka nitrifikacija un denitrifikacija,
parnes slapekla savienojumus no ddens vides
biota, atmosfeéra vai sedimentos (Burt et al., 1993).
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Koncentraciju samazinasanos baseinu Itmeni ietekme
ne tikai transformacijas un pat€résanas procesi, bet
ar1 virszemes noteces pieplidums un ar to saistita
drenu noteces tidenu atskaidiSana.

Fosfora ~ zudumus no  lauksaimnieciba
izmantotajam plattbam var izraisit vairaki procesi.
Svarigakie no tiem ir dens izraisita augsnes erozija,
virszemes notece un notece, kas veidojas, tidenim
filtréjoties cauri augsnes profilam (izskaloSanas).
Liclakai dalai aug$nu ir liela fosfora kimiskas
saistiSanas sp&ja, tadel fosfora savienojumu
izskaloSanas no augsnes vairuma gadijumu ir
nieciga (Tunney et al., 1997). Nereti vairak neka
90% no kopgja fosfora savienojumu daudzuma var
atrasties organisku savienojumu veida vai saistiti ar
suspendéto vielu (Klavins, Cimdins, 2004). Fosfors
tiek transportéts iz§kidusa un dalinu forma. Dalinu
forma fosfors ir saistits ar augsni un organiskam
vielam. Udens pliismas veidotas augsnes erozijas

rezultatd tas ir paklauts noskaloSanai un veido
lielako fosfora noplades dalu no lauksaimnieciba
apstradatajam platibam. Atkariba no noskalotas
augsnes Tpasibam augi ir sp&jigi biologiski uznemt
no 10% Iidz 90% no dalinu forma eso$a fosfora.
Notece no ganibam, drenétam platibam un meziem
fosfora forma, kas ir pilniba pieejama augu
izmantoSanai (Tunney et al., 1997). Salidzinot
P,., koncentracijas drenu sistému un mazo sateces
baseinu tdenos (6. attéls), redzams, ka visbiezak
novérotas koncentracijas drenu Gidenos ir mazakas
neka sateces baseina. Mazajos sateces baseinos
drenu noteci papildina virszemes notece un augsnes
tdens erozijas produkti.

leteikumi
Priekslikumus t@denu  kvalitates dalijjumam
klasés Latvijai izstradajusi SIA ,,Carl Bro Latvija”

100
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. . -1
Pkop koncentracija / Piwt concentration, mg L

6. att. P, o koncentracijas drenu sist€mas un mazajos sateces baseinos.
Fig. 6. P concentrations in drainage systems and in small catchments.
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7. att. Udenu kvalitates klasu robezvértibas.
Fig. 7. Water quality classification boundaries.
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3. tabula / Table 3

Ieteicamais tidenu kvalitates dalijjums (N,,, un Pkop) péc LLU pétijumiem
Evaluation for water quality (N, and P ) according to LLU data

Nkop / Ntot’ mg L+ Pkop / Ptot » INg Lt
Agricultural Agricultural
area area
Kvalitate / . :
Quality Drenu SIZItZ(Z:leeS “Carl Bro” Drenu sz[tzlees “Carl Bro”
sistémas / L sistémas / .
Drainage baseini / Drainage baseini /
S stemgs Small S sterr?s Small
y catchments Y catchments
Augsta / High <4.5 <l.5 <l.5 <0.015 <0.025 <0.045
Laba / Good 4.5-5.5 1.5-2.5 1.5-2.5 0.015-0.020 0.025-0.050  0.045-0.090
Videja / 5.5-10.0 2,575 2.5-3.5 0.020-0.075  0.050-0.150  0.090-0.135
Moderate
Slikta / Poor 10.0-12.0 7.5-10.5 3.5-4.5 0.075-0.135 0.150-0.250  0.135-0.180
Ié‘;g slikta / >12.0 >10.5 >4.5 >0.135 >0.250 >0.180

(1. tabula). Tacu pielietot So ieteikto kvalitates
raditaju vertesanas skalu nebiitu ieteicams, nemot
véra faktisko tdenu kvalitati drenu sistémas un
melioracijas sisttmu notekas lauksaimnieciba
izmantojamas zem& (LLU monitoringa rezultati
no 1994. Iidz 2006. gadam stacijas ,,Mellupite”
un ,,Bérze”). Vadoties péc Siem raditajiem, drenu
sisttmu un mazu sateces baseinu Itmeni izpildit
Udenu struktiirdirektivas pamatuzdevumu ,,sasniegt
labu tidens kvalitati” nevar@s. Par to liecina p&tfjumu
rezultata izveidota drenu sistému udenu kvalitates
klasu dalfjuma salidzinajums ar SIA ,Carl Bro
Latvija” priekslikumiem (7. attéls).

SIA,,Carl Bro Latvija”unpétijuma gaita izstradatie
priekslikumi apkopoti 3. tabula. No tabulas redzams,
ka, novértgjot fosfora savienojumus tdenos, drenu
sistému notecei var noteikt pat stingrakus vértésanas
krit€rijus neka upeém péc SIA ,,Carl Bro Latvija”
ieteikumiem. L1dzigi varétu rikoties ar koncentraciju
vertgjumu (augsta un laba kvalitate) melioracijas
sistému novadgravjiem un notekam. Tacu Seit butu
jasamazina prasibas vid&jas, sliktas un loti sliktas
kvalitates tideniem.

Vertgjot slapekla savienojumus, nepiecieSams
vairakkart samazinat prasibas drenu noteces kvalitatei
un dalgji samazinat prasibas novadgravju un tidens
noteku noteces kvalitatei.

Secinajumi

1. Udenu kvalitates standartu/kritériju noteik3anai
ieteicams izmantot ASV Vides aizsardzibas
agentiras un Eiropas Komisijas Apvienota
petfjumu centra ieteikto metodiku, kuras pamata
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ir procentudlo robezu noteikSana, izmantojot
normala sadalfjuma Iiknes.

Lai gan gada griezuma daba notiekoSie procesi
ir mainigi (vegetacijas attistiba, nokris$nu
daudzums, gaisa temperatiira, noteces apjoms)
un atstaj ietekmi uz uUdepu kvalitati, tomeér,
izstradajot idenu kvalitates vertésanas standartus,
tos nevajadzétu nemt véra, jo nebitu vElams
atseviski klasificet Gidenu kvalitati dazados gada
periodos.

Drenu sistému notecei un notecei no mazajiem
sateces baseiniem nevar piemérot upju notecei
izstradatas tdenu kvalitates standartu vértibas.
Hidrografiska tikla sakuma (drenu sist@mas,
novadgravji, mazie sateces baseini) biogéno
elementu koncentracijas Udeni parasti ir
paaugstinatas salidzinajuma ar upem.

Ieviesot SIA ,,Carl Bro Latvija” priekslikumus
tdenu kvalitates veért€Sanai drenu sistému un
mazo sateces baseinu Iimeni, izpildit Udenu
struktiirdirektivas pamatuzdevumu ,,sasniegt
labu tdens kvalitati” nevarés. LLU pétijuma
gaita izstradato kvalitates standartu ievieSana
lautu objektivak izvertét So tdenstecu kvalitati,
noteikt piesarnpojuma Itmeni, ka arT sekmétu
rictbas programmas izstradi, lai uzlabotu
tidenu stavokli lauksaimnieciba izmantotajas
platibas.

P&ttjuma rezultati lauj secinat, ka par labu tdenu
kvalitates robezlielumu, vértjot péc kopgja
slapekla koncentracijas, drenu sistemas varétu
pienemt 4.5-5.5 mg L™, mazos sateces baseinos
- 1.5-2.5mg L%
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6. Savukart, veértgjot péc kopga fosfora
koncentracijas, par labu udenu kvalitates
robezlielumu drenu sistémas varétu uzskatit
0.015-0.020 mg L, mazos sateces baseinos —
0.025-0.050 mg L.
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Iliita politipu pétijumi glacigénos nogulumos
Illite Polytypes Studies in Glacigenic Sediments
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Abstract. Illite mineral forms are studied by X-ray powder diffraction in fractions of <l um of glacigenic and
older basin sediments collected in Kuprava and Ulmale study areas. Samples were fractioned without chemical
treatment and random samples were subjected to X-ray powder diffraction (XRPD) analysis. The presence
of various mineral phases was established in the samples, crystallization level of illite was determined, and
asymmetry of illite 002 reflex was observed. Poor non-basal illite reflexes appear among maxima of primary
phases (quartz, albite, orthoclase) in XRPD spectra. Detritic origin 2M, illite containing solitary reflexes of
1Mcv and 1Mtv polytype is predominant among 1Md structures. Glacigenic and underlying sediments show
different intensity of reflexes corresponding to these polytypes. Diversity of illite IMtv and 1Mcv reflexes
is observed either for glacigenic or underlying sediment samples of <1 um. The absence of some reflexes is
observed: there is not observed 112 and -110 reflexes characteristic for IMcv polytype as well as 112 reflex

characteristic for 1Mtv structure.
Key words: illite, polytype, glacigenic sediments.

Ievads

Glacigéno jeb ledaja veidoto nogulumu sastava
un saguluma apstak]u loti augsta mainiba griezuma
un telpa arT zinatniskaja literatiira nereti tiek uzskatita
par skersli vai pat izsledzoSo faktoru to detalizEtiem
petljumiem, Tpasi attieciba uz sastava un Ipasibu
izmainam. To apliecina pedgja pusgadsimta veiktie
daudzie detalie petijumi visa pedg&ja apledojuma zona
(Boultonetal.,2001; Svendsen etal., 2004). Taja pasa
laika ir labi izp&titas domingjoso glacigéno nogulumu
(morénu jeb diamiktonu) sastava veidoSanas
galvenas likumsakaribas un ietekméjosSie faktori
(Dreimanis, 1989; Kalm, Kadastik, 2001). Sis atzinas
papildina pedgjos gadu desmitos veiktie misdienu
ledaju veidoto nogulumu pétijjumi (Benediktsson
et al., 2008; Christoffersen et al., 2003). Tomer Sie
petfjumi galvenokart ir statiski un konstat&josi, tadel
nesniedz pilnigas atzinas par sastava izmainam ledaja
mijiedarbiba ar ta gultnes ieziem un jaunveidotas
morénas materiala sastava izmainadm agrinas
diagen&zes posma.
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Morénas  materiala  sastava  petljumiem
Ziemeleiropa un arT Latvija ir loti sena vesture un
atzistami panakumi, kas Tpasi svarigi ir attieciba uz
pétijumu metodologijas attistibu. Tomér pédéjo gadu
desmitu laika attieciba uz sastava pétfjjumiem jaunu
sekmigu risinajumu ir maz. P& miisu domam, tam
ir divi galvenie iemesli, starp kuriem svarigakais ir
maldigs pienémums mé&ginat konstatét un izskaidrot
morénas sastdva izmainas geografiskaja telpa
pec tiem vai citiem sastava analitiskiem pé&tfjumu
rezultatiem, nepietieckami izzinot sastava izmainas
mijiedarbibas zona starp sena ledaja gultnes ieziem
un jaunveidotds morénas nogulumiem. Savukart ka
otrs iemesls minams pétljumiem izveleto raupjuma
frakciju pamatojums kadu noteiktu likumsakaribu
atpaziSanai un interpretacijai.

Vispargjas morénu  sastdva  veidoSanas
likumsakaribas un sastava ietekme no ledaja
gultnes iezu sastava Latvijas Kvartara nogulumos
ir saltdzinosi labi zinamas (Hanwmanc, 1973;
Seglins, 1987), tomér to visparinajuma pakape ir
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loti augsta. Sajos pétijumos nav apskatits morénas
sastava veidoSanas mehanisms. Taja pasa laika
vera nemamas ir minéto autoru un citu pé&tnieku
norades par glacigéno nogulumu sastava pétfjumu
tradicionalas prakses ierobezojumiem konstatet
sastava veidoSanas likumsakaribas. Mingtais ir
attiecinams uz sastava raupjuma frakcijam no pasam
rupjakajam morenas sastava ieklautajam atlizam un
graudiem I1dz pat smalkiem aleiritiem, tos ieskaitot.
Tomér no ieprieksgjos gados veiktiem pé&tjjumiem
zinams (Kalm, 1992; Haldorsen et al., 1989), ka
arT malu frakcijas mineralu sastava zina morénas
praktiski neatskiras no vietgjiem pamatieziem, lai ar1
proporcijas starp dazadiem malu mineraliem un to
grupam var bit visai atSkirigas (Pulkkinen, 2004).

Detalak ir lietderigi pétit smalkakas morenas
sastava frakcijas (mali) un $aja sadala potenciali
ir iesp&jams rast kadus jaunus sastdva veidoSanas
indikatorus un liecibas. Sadi pétfjumi ir uzsakami
ledaja un ta gultnes iezu mijiedarbibas zona.

Latvija dazada vecuma malainajos nogulumos
ir pétita malu mineralu regionala izplatiba, to
asociacijas (Eiduks, Vaivads, 1953; Stinkule, 2006)
un So nogulumu sorbcijas Tpasibas (Lakevics, 2006;
Rupulis, 1998). Latvijas malainie nogulumi ir p&titi ar1
no tautsaimniecibas viedokla, galvenokart analiz&jot
So nogulumu fizikalas 1pasibas un kimisko sastavu
(Certoks et al., 2006). No Siem pétijumiem (Stinkule,
2006) zinams, ka Latvija sastopamajos malainajos
nogulumos no malu mineraliem galvenokart doming
illits un kaolinits. P&tTjumu par kaolinita saimniecisko
nozimi pasaulé ir daudz, un tie ir pietiekami, bet par
illttu — maz. Atzim&jams, ka kaolinits morénu sastava
analitiskajos pétijumos ir apskatits vairakkartigi, un
tie norada uz visai ierobezotam iesp&jam kaolinitu
izmantot ka pietiekami jutigu sedimentacijas apstaklu
un sekojoso parmainu indikatoru (Junttila, 2007).

Pétijjuma merkis bija noskaidrot iesp&amas
izmainas illita struktirds morénas nogulumu
veidoSanas un pecsedimentacijas gaita, ka ar1 novertet
iespg€jas izmantot konstatétas izmainas ka paleovides
indikatoru. Tika pienemts, ka $aja gadijuma literatiira
aprakstitas (Sainz-Diaz et al., 2001; Drits, 2003) cis
un trans vakanto struktiiru izmainas pat nelielu argjo
faktoru ietekmeé var tikt konstat€tas paraugos no
pamatieziem un tos parklajosas morenas (Lise et al.,
2008).

Lidzigu mala mineralu petijumu veikSanai par
atrako un droSako metodi visbiezak izmantota
rentgenstaru pulverdifraktometrija (turpmak teksta
— XRPD) (Srodon et al., 2001). ST metode tika

apgita Latvijas Universitates Cietvielu Fizikas
institita un pétjuma vajadzibam tika adapteta
tieSi $adu paraugu petijumiem (Luse et al., 2007).
Illtta strukturalas izmainas noteica ar rentgenstaru
pulverdifrakcijas metodi, izmantojot illtta nebazalos
refleksus. Sie refleksi ir ar vaji izteiktu intensitati,
kas apgritinaja to izsSkirSanu no spektru fona.
Tadel, lai panaktu konstatéto nebazalo maksimumu
augstaku izskirtsp&ju, tika veikta eksperimentu sérija,
izmantojot rentgenstaru pulverdifraktometrus ar
atSkirigiem tehniskajiem parametriem, pilnveidojot
paraugu sagatavosSanas tehniku un mainot paraugu
uznemsanas parametrus (Stunda et al., 2008).

Materiali un metodes

Petfjumam tika izveleti divi iecirkni, no kuriem
pirmais atradas Baltijas jlras stavkrasta apméram 2
kmuz ziemeliem no Ulmales, bet otrs —apméram 5 km
uz rietumiem no Kupravas. Ulmales pétfjumu iecirkni
tika izveidots atsegums (7-8 m), no kura turpmakajiem
pétijumiem tika ievakti divi glacigéno nogulumu
paraugi un divi zem tiem paguloS$o nogulumu paraugi.
Kupravas pétfjuma iecirkni tika izveidots Surfs (3-4-3
m), no kura ievakti tris glacigéno un tris zem tiem
ieguloSo devona malu nogulumu paraugi. Visos
gadijumos paraugu ievaksana veikta pa profila liniju
perpendikulari slanu kontaktvirsmai. Rezultata tika
nonemti 2-3 kg smagi glacigéno® nogulumu paraugi
ar salidzinogi augstu vietja> materiala piesatindjumu.
Paraugi tika nogadati laboratorija un zaveti istabas
temperatura.

Paraugi tika frakcionéti, izmantojot dekanteSanas
un sijasanas metodi, >63, 63—-16, 16-2, <2 un <1 pum
frakcijas. Balstoties uz lidziga sastava nogulumu
petijumiem (Austin et al., 1989; Ferrari et al., 2000),
Sim petjjumam tika izveleta frakcija <1 pm.

[lltta strukttru petijumi veikti petamo paraugu 1
um frakcijai, kas iegiita ar frakcion&Sanas palidzibu,
nepieciesamo frakciju dekantgjot péc L. Stoksa
vienadojuma  (Tucker, 1988). Frakcion&Sanai
nepiecieSamais parauga daudzums (50 g) iegits,
gaissausus paraugus maisot un kvartgjot, tadgjadi
iegiistot vid€jotu nogulumu paraugu. Frakcionésanas
gaita koagulacijas noversanai tika izmantota paraugu
triskara skalofana ar bidestilétu @deni. Sads
metodisks risinajums tika izveléts p&c vairakiem
eksperimentiem, kuru rezultata tika noskaidrots, ka
kimisko elementu izmantoSana paraugu dispergésana
butiski ietekm@ rentgenogrammu fonu, kas apgriitina
iegiito datu turpmako interpretaciju (Lise et al.,
2008).

! Glacigenie nogulumi (moréna) ir veidojusies ledaja ieslegta un parvietota iezu atlizu materiala izgulsngianas rezultata

bez aktivas ledaja kusanas Gidenu lidzdalibas.

2 Par viet&jo sauc drupu materialu, ko ledajs asimilé un parnes nelield attaluma.
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Paraugu sagatavoSana XRPD analizei. Illitu
politipu noteikSanai tika izmantoti neteksturgti
paraugi, kurus ieguva, paraugu samalot korunda
piesta lidz miltveida konsistencei. P&c tam samaltais
paraugs tika vienmerigi uzb@rts uz parauga turétaja
un nolidzinats, ar Tsiem naza vilcieniem nogludinot
atsevisku mineralu agregatu veidotos nelidzenums.
Nemot véra parauga nelielo daudzumu, analizei tika
izmantots planslana pulvera paraugu turétajs. Misu
pieredze norada, ka $ads parauga tur&tajs rentgenstara
caurspidéSanas gadijuma nerada klidainus XRPD
spektros nolasamos refleksus. Paraugs tika uznemts,
parauga turétajam rot€jot, lidz ar to samazinot
iespgjamas teksturéSanas ietekmi. Sekojot citu
petnieku pieredzei (Grathoff, Moore, 1996), nejauss
kristalttu izvietojums parauga tika atzits par labu,
ja illita 020 reflekss bija ievérojami lielaks par
002 refleksu.

Illita struktiiras tika petitas ar rentgenstaru
pulverdifrakcijas analizi (XRPD metode), kas ir viena
no pamatmetodém malaino nogulumu kvalitativai,
kvantitativai analizei (izmantojot Rietvelda metodi),
ka arf malu mineralu polimorfisma pétijumos (Srodon
et al., 2001). Paraugi tika analizéti ar X’ PERT-PRO
rentgenstaru difrakcijas iekartu, izmantojot CuK
20° starojumu (A=1.54183A) pie 30 kV un 40 mA.
Izmantota iekarta eksperimentu gaita tika pielagota
malu mineralu struktiru pétjumiem, kam bija
nepiecieSama augsta nebazalo refleksu izskirtspgja.
Augsta XRPD rezultatu precizitate ieglita, izmantojot
mazu soli (0.017°) un palielinot ekspozicijas laiku
uz katru soli Iidz 120 sekundém. Vienmerigs fons
un pietieckami intensivi nebazalie refleksi tika iegfiti
pie 10 mm vertikalas un */,° horizontalas spraugas
atvéruma, parauga apstarotais laukums tika ieveérots
konstanti 5 mm, bet difrakcijas ainas tika uznemtas
no 2°lidz 70° 26.

P&c  neteksturétu  paraugu  uzpemsanas
izmantotie paraugi tika sadaliti divas vienadas
dalas. Turpmakai hlorita, kaolinita un smektita
identifikacijai no katra §ada parauga tika sagatavoti
divi netekstureti paraugi. Viena parauga dala
divas stundas tika karséta pie 550 °C, bet otra tika
ievietota eksikatora, kuru Iidz 1 cm uzpildija ar
etilenglikolu. Paraugus novietoja uz paraugu turétaja
zavgjamaja skapi kopa ar eksikatoru uz diennakti
60-70 °C etilénglikola atmosféra (Poppe et al., 2001).
Rezultata paraugi tika piesatinati ar etilenglikolu.
Sada paraugu sagatavoSanas gaita lava no Kkatra
sakotngja parauga ieglt tris atseviSkus paraugus,
kuriem tika uznemtas un analizétas atbilstoSi trTs
rentgenogrammas.

Minerala sastava noteikSana XRPD spektros tika
izmantoti vairaku autoru darbos (Bradley, 1961;
Brindlley, 1961a, 1961b; Jergensen, 1965; Grim,
1962; Tucker, 1988; Burt ed., 1996 u.c.) aprakstitie
fazu diagnostikas pamatkriteriji. Ta iesp&amo illita
modifikaciju noteikSanai tika izmantots 26 posms no
23°Iidz 35.5°(Austin et al., 1989; Ferrari et al., 20006)
neteksturétu paraugu rentgenogrammas, kuras citu
fazu refleksu ar augstam intensitatém bija salidzinosi
maz vai netika noveroti. Illita struktiiras sastopama
slanu nesakartotibas pakape jeb turbostratisms tika
noteikts, katram paraugam aprékinot turbostratisma
indeksu (Righietal., 1995). Illita-smektita pieaugums,
kas ir saistits ar iepriekSmin&to slanu nesakartotibu,
tika raksturots, analizgjot illtta 002 refleksa asimetriju
(Meunier, Velde, 2004). Illita kristalizacijas indekss
noteikts, balstoties uz illita 002 un 004 refleksu
attiectbu XRPD spektros (Graff-Petersen, 1961).

Paraugu minerala sastava kvantitativa daudzuma
raksturoSanai tika izmantotas datorprogrammas
»Quanto” (Altomare et al., 2001) un ,,SiroQuant”
(Taylor, 1991), bet illita modifikaciju noteikSanai
tika  izmantota  puskvantitativa  rentgenstaru
pulverdifrakcijas metode (Pulkkinen, 2004).

XRPD datu verifikacijai tika izmantota skengjosas
elektronmikroskopijas metode (SEM). Analizei
izmantoti nedrupinati, nefrakcion@ti paraugi, kuri
tika pieliméti uz paraugu turétaju virsmam. Paraugi
analizéti ar MIRA/LMU iekartu. Illita struktiiru
morfologijas p&tljumiem izmantoti 100.00e3x un
150.00e3x palielinajumi.

Rezultati

Glacigeéno unzem tiemiegulo$o* nogulumu XRPD
spektros no Ulmales tika diagnosticétas vairakas
mineralu fazes: illits (noverojams maksimums pie
8.85° 20 visos paraugu apstrades veidos), kaolinits
(kristaliskas strukttiras sagrisana pie 550 °C, visos
pargjos apstrades veidos — piesatinats un nepiesatinats
paraugs ar etilenglikolu, maksimums saglabajas pie
12.5° 20), hlorits (raksturigs maksimums pie 6.29°
20), kvarcs (izteikts maksimums pie 26.71° 20 visos
paraugu apstrades veidos), ortoklazs (maksimums
pie 27.51° 20 visos paraugu apstrades veidos),
albits (dubultmaksimumi starp 27.94 un 28.24 un
maksimums pie 23.63° 26 visos paraugu apstrades
veidos) un kalcits (izteikts un specigs maksimums
pie 29.43° 20).

Glacigéno un zem tiem ieguloSo nogulumu
XRPD spektros no Kupravas pétjjuma iecirkna
tika diagnostictas Sadas mineralu fazes: illits
(diagnosticets ar maksimumu pie 8.81° 20 visos

3 Ar 0 (theta) apzimé lenki starp rentgenstaru un kristala rezga plakni.
4 Nogulumi, kurus parsedz glacigénie nogulumi, tick saukti par zem glacigénajiem nogulumiem iegulo§iem nogulumiem.
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parauga apstrades veidos), kaolinits (noverota
kristaliskas struktiiras sabrukSana pie 550 °C, visos
pargjos apstrades veidos — piesatinats un nepiesatinats
paraugs ar etilénglikolu, maksimums saglabajas pie
12.38° 20), smektits (raksturigs maksimums pie 6.06°
20), kvarcs (izteikts maksimums pie 26.72° 26 visos
apstrades veidos) un hematits (maksimumi pie 33.33
un 35.74° 20).

Mineralu kvantitativa fazu attieciba pétitajos
paraugos varija nenozimigi, iznemot atseviskas
mineralu fazes (illits, illits-smektits, hematits,
laukspati). XRPD kvantitativie rezultati glacigénajos
nogulumos no Ulmales 1 pm frakcija uzradija illita un
illtta-smektita fazu pieaugumu par 8%, bet laukSpatu
fazu summas samazinasanos par 7% salidzinajuma ar
$ispasas frakcijas zem tiem iegulo$ajiem nogulumiem.
Glacigénajos nogulumos no Kupravas 1 um frakcija
ar XRPD kvantitativo analizi tika noteikta neliela
hematita (samazinas par 2%) un kvarca (palielinas
par 2%) fazu nevienlidziba salidzinajuma ar zem
Siem nogulumiem iegulosiem nogulumiem. Kopuma
iegiitie XRPD kvantitativie fazu rezultati noradija uz
glacigéno un zem tiem ieguloSo nogulumu materiala
lidzibu 1 pm frakcija.

Petamaja <l pm frakcija gan Ulmales, gan
Kupravas paraugos tika konstatéts illita parakums par

3900

3300

2700

Intensitate/Intensity

citam mineralu fazém. P&tjjuma paraugu materiala
piesatinajuma pakape un illtta strukturala mainiba
glacigéno nogulumu 1 pm frakcija tika savstarpgji
salidzinata, diagnosticgjot katram  paraugam
raksturigas fazu izmainas XRPD spektra.

Analiz@tajos paraugos péc illita 002 un 004
refleksu attiecibas XRPD spektros tika noteikts illita
kristalizacijas indekss: visos analiz&jamos paraugos
tas bija zem 3. P&c §is vertibas tika noteikta illita
piederiba dioktaedriskajam illita paveidam (Graftf-
Pettersen, 1961).

XRPD spektros tika diagnosticeéta illita
002 refleksa asimetrija, kas tika novérota visos
analiz&jamajos paraugos. ST refleksa kreisais sparns
bija leézenaks neka labais un vairak paaugstinats
glacigéno nogulumu 1 pm frakcija, kas noradija uz
illita-smektita, vaji kristalizeta illita un smektita,
satura palielinaSanos $ajos nogulumos (1. attels).
ArT augstaks turbostratisma indekss (turpmak teksta
— TSI) (Reynolds, 1992; Righi et al., 1995) tika
konstatéts glacigéno nogulumu paraugos <l pm
frakcija. Sajos paraugos TSI svarstijas no 0.13% lidz
0.03%, kas liecina par atSkirigu smektita daudzumu
illita-smektita starpslanos. R. Reinolds (Raynolds,
1992) TSI paaugstinasanos skaidro ar uzbriestoSo
illita-smektita slanu procentualo palielinajumu.
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1. att. IlITta 002 refleksa asimetrija: | — paraugi (<1 um) no Kupravas p&tijuma iecirkna; Il — paraugi

(<1 um) no Ulmales pétijuma iecirkna; melna Iinija — glacigénie nogulumi; peleka linija —
zem tiem iegulo$ie nogulumi.
Fig. 1. Asymmetry of illite 002 reflex: | — samples from Kuprava study area; Il — samples from
Ulmale study area; black line — glacigenic sediments; gray line — sediments lying under glacigenic sediments.
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XRPD spektrosillita politipamraksturigo nebazalo
refleksu 20 posma no 23° [idz 35.5° starp primaro fazu
(kvarcs, albits, ortoklazs u.c.) maksimumiem tika
konstateti vaji izteikti illita nebazalie atstarojumi,
kas atbilst 1Md politipam, kurs§ var saturét daudzus
azimutali pretgji orientetus slangus (Drits, McCarty,
1996). Sada slanu orientacija izraisa rentgenstara
nobidi, veidojot XRPD spektros neizteiktus, zemus
un platus maksimumus. Bet starp Siem, dazadi
orient€tajiem illita slaniem analiz&jamajos paraugos
tika konstateti arT atseviski nebazalie atstarojumi, kuri
ir raksturigi 2M, un 1M illita politipiem (Grathoff,

Moore, 1996). Pétitajos paraugos kopuma starp 1Md
struktiram domingja 2M, detritiskas cilmes illits ar
atsevi§kiem 1Mcv® un 1Mtv® illita politipu refleksiem.
Konstatéts, ka glacigénos nogulumos un zem tiem
ieguloSos nogulumos intensitate starp Siem politipu
refleksiem ir atSkiriga, tas ir, tika novérota So politipu
nevienlidziba.

Kupravas iecirkna paraugos atseviski 2M, illita
politipa refleksi, kuriem raksturiga turbostratiska
augSana (Meunier, Velde, 2004), tika konstat&ti visos
XRPD spektros (2. attéls). Augstaki un asaki [Mtv
un 1Mcv illita politipu refleksi, kam ir raksturiga
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2. att. XRPD spektri paraugiem (<1 um) no Kupravas pétijuma iecirkna:
melna Iinija —glacigénie nogulumi; peleka linija — zem tiem ieguloSie nogulumi; H — hematita maksimums;
illita politipi: nepartraukta Iinija — 2M,; partraukta linija — 1Mcv; punkteta Iinija — 1Mtv.
Fig. 2. XRPD roentgenograms of samples from Kuprava study area:
black line — glacigenic sediments; gray line — sediments lying under glacigenic sediments; H — hematite
maxima, illite polytypes: continuous line — 2M,; discontinuous line — 1Mcv; dotted line — 1Mtv.

5> Cis vakantas struktiiras (cv) OH- grupas oktaedra ir izvietotas plaknes viena pusg, I1dz ar to $ajas struktiiras nav simetrijas

centra.

® Trans vakantas struktiiras (tv) oktaedra OH- grupas ir izvietotas simetriski plaknes pret&jas puses, tapes Sajas struktiiras ir

noverojams simetrijas centrs.
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azimutala augSana viena virziena (Meunier, Velde,
2004), tika konstateti XRPD spektros analiz&jamo
glacigéno nogulumu 1 pm frakcija. Savukart zem
glacigénajiem nogulumiem iegulosu nogulumu §is
pasas frakcijas paraugu XRPD spektros izteikti 1M
illtta politipu refleksi netika konstatéti (2. un 3. attels).
Lidzigas maksimumu proporcijas starp I Mtv un 1Mcv
illita politipa struktiram tika konstattas glacigéno
un zem tiem paguloSo nogulumu 1 pm frakcija no
Ulmales (3. attéls). Atseviski 1Mcv illita politipa
refleksi ar augstaku intensitati neka pamatiezos
tika konstatéti glacigéno nogulumu paraugos 1 pm
frakcija (2. attels).

Iespgjama pareja no 1Mtv uz 1Mcv illita
struktiram tika novérota ar SEM palidzibu
diagnosticetajos illita latinveida formas kristalitu
uzaugumos (Meunier, Velde, 2004), kas uz
heksagonalas formas kristalitiem vizuali atgadina
sekundarus veidojumus (4. attéls). Tika konstatéts, ka

So latinveida kristalitu izm@ri ir mazaki par paraugos
domingjosiem heksagonalas formas kristalitiem.
Sos konstatgjumus dalgji apstiprinaja ari XRPD
spektros vaji izteiktie atseviskie 1Mtv un 1Mcyv illita
politipu refleksi, kas noradija uz 1Md illita strukttiras
sastopamajiem $o politipu refleksiem.

Diskusija

Visos pétamajos paraugos tika noverots plats
illita 002 maksimums ar pika asimetriju mazo lenku
virziena. Sada maksimuma forma vairakos autoru
darbos (Lanson et al., 1998; Gharrabi et al., 1998;
Meunier, Velde, 2004 u.c.) tika skaidrota ka labi
kristalizeta, vaji kristalizeta un illita-smektita dazadu
proporciju attieciba. Paraugos no abiem pétjjuma
iecirkniem par vaji kristalizeta illita 002 maksimumu
domingja labi kristalizets illita maksimums (Brime et
al., 2002; Lanson et al., 1998), uz ko noradija illita
002 refleksa pikis pie 8.85 un 8.81°20. Sada sakariba
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3. att. XRPD spektri paraugiem (<1 um) no Ulmales pétijuma iecirkna: melna linija — glacigénie nogulumi;
peléka linija — zem tiem iegulosSie nogulumi; A — albita maksimums; O — ortoklaza maksimums;
illita politipi: nepartraukta Iinija — 2M,; partraukta Itnija — 1Mcv; punkt&ta Iinija — 1Mtv.
Fig. 3. XRPD roentgenograms of samples from Ulmale study area: black line — glacigenic sediments; gray
line — sediments lying under glacigenic sediments; A — albite maxima; O — orthoclase maxima;
illite polytypes: continuous line — 2M,; discontinuous line — 1Mcv; dotted line — IMtv.
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4. att. Illita latinveida kristalttu uzaugumi uz heksagonalas formas illita kristalitiem.
Fig. 4. Tllite lath crystallites on the surface of hexagonal form illite crystallites.

nevar tikt uzskatita par labi kristaliz€ta un vaji
kristalizeta illita kvantitativo raditaju, kas noraditu uz
labi kristalizeta illita dominanti p&tamajos paraugos, jo
labi kristaliz&tas struktiiras rada sp&cigakus refleksus,
turpretim vaji kristalizétas struktiiras sniedz mazak
izteiktus maksimumus (Will, 2006). L1dz ar to autori
uzskata, ka So fazu kvantificESana nav iesp&jama
bez So struktiru modelgjoSo datorprogrammu
pielietosanas, izmantojot tikai XRPD puskvantitativo
noteikSanas metodi.

R. Reinolds (Reynolds, 1992), A. Meiners
(Meunier, Velde, 2004) un citi autori vairakos
darbos ir publicgjusi rezultatus par XRPD spektros
noverojamo illita 002 refleksa asimetriju, kas tika
noverota arT visos misu analiz€§jamajos XRPD
spektros. Illita 002 refleksa maksimuma kreiso
Iézeno sparnu iepriekSmingtie autori skaidro ar
vaji kristalizeéta illita un illita-smektita struktiiru
klatbiitni. Petamo glacigéno nogulumu 1 pum frakcija
tika konstatéts augstaks illita 002 maksimuma kreisa
sparna pac€lums neka zem tiem ieguloSo nogulumu
tadas pasas frakcijas paraugiem (1. attéls). Sis fakts
tika skaidrots ar jauktslanu illtta-smektita kvantitativa
daudzuma palielinasanos glacigéno nogulumu 1 pum
frakcija. Glacigéno nogulumu bagatinasanas ar So
jauktslanu mineralu tika skaidrota ar idens molekulu
iekltsanu illita starpslanu pozicijas. I. Rozenkvists
(Rosenqvist, 1963) to ir interpretgjis ka iesp&jamu
kalija aizstaSanu un tdens iekltSanu starpslanu
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pozicijas, vienlaicigi protoniem ieklstot vakantajas
oktaedru pozicijas. B. Lansons sava (Lanson et al.,
1989) petijuma par pieciem atskirigiem sedimentacijas
baseiniem tika noverojis sakaribu starp illita-smektita
proporcijam un nogulumu vecumu, augstakas
illita-smektita proporcijas saistot ar jaunakiem
nogulumiem. Sada veida apgalvojumu apstiprinaja art
misu pétljuma gaita iegiitie rezultati, kuros augstaks
illita-smektita saturs tika konstatéts péc geologiska
vecuma jaunakajos glacigénajos nogulumos (<1
um) neka zem tiem iegulo$os nogulumos (<1 pm).
Kopuma augstaku illita slanu nesakartotibu uzradija
ar1 turbostratisma indeksa (TSI) (Righi et al., 1995)
aprékini, kuri augstaku illtta slanu nesakartotibu
uzradija tieSi analiz€jamajos glacigénajos nogulumos
<l pm frakcija, kas vismaz dal€ji apstiprindja jau
ieprieks izteikto apgalvojumu.

Analizgjot 002 un 004 refleksu attiecibu, tika
noteikta neliela degradacijas faktora samazinasanas
Ulmales glacigéno nogulumu 1 pm frakcija. Ta
tika skaidrota ar jaunu malu mineralu (illita un
smekftita) veidosanos, uz ko noradija paraugu XRPD
kvantitativie rezultati un illita 002 refleksa kreisa
sparna asimetrija.

P&tamo paraugu XRPD spektros tika konstatéta
IMd politipa dominante. V. Dritsa, G. Austina un
[idzautoru pétjjumos (Austin et al., 1989; Drits,
McCarty, 1996) ir minéts, ka Sis illita politips var
saturét daudzus azimutali pret&ji orient€tus slanus.
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Ta, G. Austins (Austin et al., 1989) norada, ka sada
slanu strukturala nesakartotiba nav iesp&jama bez
smektita klatbiitnes illita starpslanos, bet V. Drits
(1996) atzimg, ka 1Md politipa parasti domingé 2M,
un 2M, struktiru fragmenti. Arl misu pétitajos
paraugos starp 1Md vaji izteiktajiem maksimumiem
tika konstateti atseviski 1M un 2M, illita politipu
maksimumi (2. un 3. attéls).

Illiita IMtv un 1Mcv refleksu intensitasu
mainiba tika konstatéta glacigéno nogulumu un
zem tiem ieguloSo nogulumu paraugos <lum,
ka arT atseviSku Siem politiem atbilstoSo refleksu
iztrokums. Vairuma gadijumu tika konstatéts
1IMcv struktiram raksturigo 112, -110, bet 1Mtv
struktiram — 112 refleksu iztrikums. Sadu IMtv
un 1Mcv illita struktiiru mainu Sain-Diazs ar
lidzautoriem sava petljuma saistija ar So struktiru
jutibu uz argjas vides faktoru ietekmi (Sainz-Diaz
et al., 2001; Drits, 2003). Pareju no IMtv uz 1Mcv
illita struktiiram nogulumu p&csedimentacijas laika
dalgji apstiprina art SEM pétfjumos diagnosticétie
illita latinveida formas kristalitu uzaugumi (4. attéls)
uz heksagonalas formas kristalitiem. Sada veida
latinveida saaugumus A. Meiners (Meunier, Velde,
2004) skaidro ar izmainam nogulumu geokimiskaja
vidg, tos attiecinot pie autogénas genézes kristalitiem
un uzskatot par illtta-smektita parejas starpfazi.

C. Sain-Diaza, G. Austina un Iidzautoru
sniegtajos petfjumus (Sain-Diaz et al., 2001; Austin
et al., 1989) par illita IM struktiram uzsverts,
ka 81 politipa modifikacijas ir izmantojamas ka
paleovides indikatori, raksturojot nogulumu termalo,
geokimisko, sedimentacijas un diagenézes vidi.
Atzim@jams, ka $ada veida illita politipu p&tijumi Iidz
Sim veikti galvenokart malaino baseinu nogulumu
sedimentacijas vides izp&t€ un raksturo$ana, bet
glacigéno nogulumu pétjjumos S§adas detalizacijas
petijumi veikti pirmoreiz.

Veiktajam pétjumam un ta rezultatiem jau
Sobrid var izcelt vairakus to pielietojuma lietiskos
aspektus, kas balstas uz iesp€jam izmantot illita
politipus ka paleovides indikatorus un norades
uz vides apstaklu izmainam. Sadi dati lautu
nozimigi palielinat geologiskas karté8anas, ari
geokimisko un agrotehnisko p&tijumu informativitati
un kvalitati.

Secinajumi

1. Petjuma malu  minerdlu  rentgenstaru
pulverdifrakcijas analizu veikSanai sekmigi tika
izmantotas puskvantitativas un kvantitativas
analizu metodes un to pielietosana lava noteikt
illita politipus un minerala sastava kvantitativo
daudzumu ar augstu analitisko kvalitati. Sadu
rezultatu sasniegSanai tika izstradatas un
adapt&tas metodes illita politipu diagnostikai un
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analiz€jamo politipu puskvantitativo daudzuma
novertésanai.

2. legitie analitiskie rezultati liecina, ka atseviski
illita politipu refleksi ir atSkirigi pamatiezu
malos un tos parsedzo$as morénas. Izmainas
konstatgtas tiesi kontaktzonas slanos, kur pétitie
malu minerali bija paklauti ledaja termiskai un
spiediena ietekmei.

3. Illita-smektita daudzuma palielinasanas
glacigénajos nogulumos tika skaidrota ar
pEcsedimentacijas vides apstakliem.

4. [Illtta politipu kvantitativas analizes rezultati Jautu
noteikt dazadu politipu savstarp&jas proporcijas,
kas var tikt izmantotas par glacialas paleovides
indikatoru.

5. llita 1M politipu kvantitativa analize var tikt
izmantota glacigéno nogulumu geokimisko
apstaklu rekonstrukceijas.
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Abstract. Inulin from Jerusalem artichoke tubers is used as a prebiotic ingredient in functional foods. The
extract of inulin was obtained from dry or wet Jerusalem artichoke tuber chips: 11 g of dry matter were
suspended in 400 mL of water and were stirred at 50 °C for 4 h. Dry chips as raw material proved to be more
convenient as nearly all carbohydrates were extracted in 2 h; a 4-h-extraction from dry chips ensured a 1.57
times higher inulin content than that from wet chips. The concentrations of carbohydrates and inulin in the
extract, natural apple juice, and their blend showed that inulin (5%) in apple juice preserved well for 10 days at
+4 °C. To obtain inulin syrup, the Jerusalem artichoke extract was concentrated by vacuum evaporator at 80 °C
for 5.5 hours or by boiling at 100 °C for 2 hours. It was found that boiling ensures more effective evaporation:
after vacuum-evaporation of the initial sample of 409 g it was concentrated to 61 g, whereas by boiling — to
38 g. It is essential that inulin was not lost during the evaporation. As to the content of total carbohydrates, it
slightly decreased during boiling. This can be explained by Maillard reaction as the content of melanoidins in
the vacuum-evaporated syrup was 32.5 mg g2, but in the boiled sample —41.0 mg g*. FT-IR spectroscopy was
used to evaluate the biochemical composition and the relative content of total carbohydrates in apple juice and

Jerusalem artichoke juice, as well as to evaluate the biochemical composition of syrups.
Key words: inulin syrup, Jerusalem artichoke, Jerusalem artichoke extract, apple juice.

Introduction

Functional foods and beverages are natural
products enriched or balanced with biologically active
components which offer the potential of enhanced
health or reduced risk of disease. The most common
functional foods contain specific minerals, vitamins,
fatty acids or dietary fiber, or are enriched with
biologically active substances such as phytochemicals
or other antioxidants and probiotics — live beneficial
cultures (Roberfroid, 2005). Inulin in fortified
foods and beverages may improve gastrointestinal
health and improve calcium absorption, and may
affect the physiological and biochemical processes
in rats and human beings, beneficially influencing
the lipid metabolism, which results in better health
and reduction in the risk of many diseases including
cardiovascular diseases (Kaur, Gupta, 2002;
Balcazar-Munoz et al., 2003). The main sources
of inulin used in the food industry are chicory and
Jerusalem artichoke. Jerusalem artichoke is rich
in inulin — a polydisperse carbohydrate consisting
mainly of B (2-1) fructosyl-fructose links (Flamm
et al., 2001). Inulin syrup made from chicory or its
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commercial form (Raftiline, Orafti) can be used
as a prebiotic ingredient in breadstuffs as well as
functional inulin-juice or milk beverages (McDevitt-
Pugh, Rooyakkers, 2003; Hempel et al., 2007;
Villegas, Costell, 2007). Jerusalem artichoke powder
with high inulin concentration, which is produced
from the local Jerusalem artichoke varieties offered
to the market, contains all water soluble components
— proteins (15-18% of DM), carbohydrates (62-62%
of DM) including inulin (50-60% of DM), K (400-
500 mg 100 g?), P (70-75 mg 100 g?), vitamins,
and plant-origin cholesterol-free lipids and fiber —,
thus increasing its functional value (Bekers et al.,
2007A).

The Maillard reaction products form specific
smell, taste and color of this concentrate which is used
to obtain inulin syrup. The thermostability of inulin
has been studied, and it has been found that heating
of inulin for up to 1 h at temperature between 135 and
195 °C results in a significant degradation of inulin
(20-100%) and formation of new products like di-
D-fructoze (Bohm et al., 2005). The loss of fructans
during baking can reach up to 38-45% (Praznik et al.,
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2002). Our previous studies showed that after boiling
of the Jerusalem artichoke concentrate suspension for
1 h the loss of inulin made up 8.8%, but sterilization
at 120 °C caused even more significant loss of inulin
— 26.9%. At these temperatures Maillard reaction
products are formed (Bekers et al., 2007b). Functional
beverages are a quickly expanding market segment
with inulin containing juices as one of lines. A blend
of apple and Jerusalem artichoke juice or inulin syrup
could enrich the nutritional value and range of the
functional drinks. Therefore the aim of this study
was to obtain inulin syrup from Jerusalem artichoke
chips and to evaluate the stability of inulin in
apple juice.

Materials and Methods

Materials. Tubers of Jerusalem artichoke variety
‘DagNeutral’ were obtained from the Horticultural
Study Centre “Pure” Ltd (Latvia). Jerusalem
artichoke concentrate (JAC) was produced in the farm
“Lazdinas” (Latvia) and finally roasted in the plant
“Tukuma Kafija” (Latvia) (Bekers et al., 2007a). The
chemical composition of JAC is shown in Table 1.

JAC was used as raw material to obtain inulin
water extract and syrup. Jerusalem artichoke juice was
squeezed out from tubers by a juicer. Natural apple
juice was supplied by the farm “Lases” (Latvia) and
was a blend of the four most popular apple varieties
in Latvia — ‘Safrana pepins’, ‘Micurina bezseklu’,
‘Trebu’, and ‘Rudens svitrainais’. Raftiline — the
inulin concentrate — was kindly supplied by “Orafti”.
The stability of inulin (5% of Raftiline) in natural
apple juice was tested after storage at 4 °C for
10 days.

Methods. Inulin extract was obtained from dry
or wet Jerusalem artichoke tuber chips: 11 g of DM

were suspended in water at 50 °C and were stirred for
4 h (Bekers et al., 2007b). Evaporation of Jerusalem
artichoke extract — 409 g (12.77% of DM) — was
carried out either in a vacuum evaporator at 80 °C
for 5.5 h or by boiling at 100 °C for 2 hours. The
content of reducing substances (RS) — free and after
acid hydrolysis — was determined by Lane-Eynon
method (Benukas et al., 1964). The concentration of
glucose and fructose was determined by ENZYTEC™
D-glucose/D fructose method (Schmidt, 1961). The
content of inulin was determined according to the
AOAC-999.03 and AACC-32.32 methods. FT-IR
spectroscopy being a quick and informative method
was used to evaluate the biochemical composition
and the relative content of total carbohydrates in
the abovementioned juices. The FT-IR spectra were
registered on a mircoplate reader HTS-XT (Bruker),
absorption mode — 600-4000 cm™ region, 32 scans,
and resolution— 6 cm™. Data were processed by OPUS
6.0. Quantitative analysis of total carbohydrates was
carried out as in Grube et al. (2002). The standard
solvent of melanoidins was prepared according to
Nursten (2005), and the concentration of melanoidins
was determined spectroscopically on a Biochrom
Libra S22.

Three series of experiments were conducted in
duplicate, and the average data are presented.

Results and Discussion

The FT-IR spectra of apple and Jerusalem
artichoke juices (Fig. 1) are quite different indicating
the qualitative and quantitative differences in the
biochemical composition. In both spectra the main
absorption was in the carbohydrate region — 900-
1200 cm? (CO, CC, stretching vibrations and COH,
COC deformation vibrations of carbohydrates)

Table 1

The chemical composition of Jerusalem artichoke concentrate

Component

Concentration, %
of dry weight (DW)

Solids

Total carbohydrates
Reducing sugars

Inulin

Glucose

Fructose

Sucrose

Glucose after hydrolysis
Fructose after hydrolysis
Ratio fructose/glucose
Proteins

Lipids

Nucleic acids

94.60
62.80-64.50
4.70-5.00
40.00-50.00
0.60-0.90
0.70-6.00
7.00-10.00
16.70
44.80
2.80
17.12
1.96
2.11
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Fig. 2. Extraction of carbohydrates from Jerusalem artichoke chips.

LLU Raksti 21 (315), 2008; 116-121



M. Bekers et al.

Inulin Syrup from Dried Jerusalem Artichoke

with maximums at 1059 cm™ in apple juice and at
1050 cm™ with a shoulder at 1132 cm? in Jerusalem
artichoke juice. In the spectra of apple juice,
the band at 1600 cm? originates from the COO-
antisymmetrical stretching vibrations of carboxylate
in ionized form, and the band at 1721 ¢cm™ — from
the acetyl ester groups in pectins (Synytsya et al.,
2003). In the spectra of Jerusalem artichoke juice, the
band at 933 cm™ was shown to be characteristic for
inulin (Bekers et al., 2005). The total carbohydrate
content in juices was evaluated and thus the spectra
were recorded in the absorption range not exceeding
80%, while the Lambert-Buger-Beer law applies
and the concentration of the component is directly
proportional to the band intensity. The quantitative
analysis of carbohydrates showed that the content
of carbohydrates in Jerusalem artichoke juice was
85.04% of dry weight (DW) and 86.53% of DW in
natural apple juice.

The dynamics of total carbohydrate extraction
from dry and wet Jerusalem artichoke chips was
studied, and the results are shown in Fig. 2. It can
be seen that the extraction rate of carbohydrates was
higher from dried chips than from wet ones. Also the
extraction of inulin from dried chips was 95.00%, but
from wet chips —only 21.69%. After a 4-h-extraction,
the concentration of inulin in water extract was 1.73%
and 2.38 % in wet and dry chips correspondingly.
This study also showed that nearly all carbohydrates

were extracted from dry chips after 2 h. After a 4-h-
extraction, the content of inulin in the extract from
dry chips was 1.57 times higher than that from wet
chips. The study of carbohydrate composition in
Jerusalem artichoke extract, natural apple juice,
and their mixture showed that the concentration of
carbohydrates in apple juice was slightly higher than
in Jerusalem artichoke extract, whereas a significant
difference was observed in the content of RS
(Table 2).

The pH of apple juice and Jerusalem artichoke
extract are quite different: 3.5 for juice, and 5.7
for extract. The blend of half apple juice and half
Jerusalem artichoke extract would result in a reduced
pH and RS, and an inulin-containing functional
drink which ensures the daily inulin intake by 200
mL. Therefore the stability of inulin in apple juice
is essential and was evaluated in the present study.
Storage (for 10 days at +4 °C) of apple juice with
inulin additive did not cause a considerable loss of
carbohydrates or inulin content (Table 3). The FT-
IR absorption spectra of these samples after a 4-h,
7-day, and 10-day storage were recorded and also
did not indicate any changes neither in quality nor
concentration of inulin; whereas the content of
total carbohydrates slightly increased during the
storage time.

To obtain inulin syrup, the Jerusalem artichoke
extract was evaporated in vacuum or boiled. The

Table 2
Composition of carbohydrates in apple juice and Jerusalem artichoke extract
Apple iuice Jerusalem Apple juice and Jerusalem
Component pgjo DJM > artichoke extract, artichoke extract 1:1 (V:V),
P % DM % DM
Dry matter 9.85 7.49 8.67
Carbohydrates 79.29 77.70 78.49
RS 66.29 5.74 36.01
Sucrose+fructose 13.00 16.45 14.72
Inulin 0 55.01 27.51
Table 3
Stability of inulin (5% Raftiline) in apple juice during storage at +4 °C
Total .
. RS Inulin
o > i
Storage time pH DM, % % DM carbohydrates, % DM
% DM
0 3.59 12.77 49.80 91.78 30.71
4h 3.60 12.26 50.57 94.21 25 86
24 h 3.62 12.86 50.39 88.57 27.52
7 days 3.63 12.47 53.65 90.21 30.55
10 days 3.63 11.64 55.24 96.39 32.56
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Table 4
Results of Jerusalem artichoke syrup
RS, Carbohydrates, Inulin, Melanoidins, Solids,
Sample pH % DM % DM % DM mg g* %
at 80 °C for 5.5 h
Initially 5.83 5.74 77.70 55.01 - 7.49
After evaporation 5.54 6.35 76.40 56.10 32.50 69.48
at 100 °C for 2 h
Initially 5.79 5.59 75.81 53.58 - 7.69
After evaporation 5.53 5.80 64.89 55.87 41.00 59.13

— not determined

initial samples of 409 g were concentrated to 61.0
g by vacuum evaporator, but by boiling — to 38.3 g.
Analyses of syrups showed that inulin was preserved
during both evaporation schemes, whereas the
total carbohydrate content slightly decreased after
evaporation at 100 °C. This can be indicative to the
Maillard reaction as the content of melanoidins in
the vacuum “evaporated” syrup was 32.5 mg g*, but
in the “boiled” sample — 41.0 mg g* (Table 4). The
content of melanoidins in syrup depends on their initial
concentration in dried chips of Jerusalem artichoke.
The chips obtained at 55 °C contained up to 2 mg g™
of melanoidins, but those dried at 120 °C for 30 min
contained 35-40 mg g* of melanoidins; whereas chips
used for inulin extraction contained up to 25 mg g*
of melanoidins.

Although the biochemical composition of
both syrups was similar, the evaporation at 100 °C
ensured more concentrated syrup in half as much
time. The FT-IR absorption spectra of the initial and
evaporated samples were evaluated to ensure the
possible changes during the treatment; however, no
qualitative or considerable quantitative changes were
seen. Organoleptic tests showed that the obtained
inulin syrup is slightly sweet, with pleasant smell and
a bit brown.

Conclusions

1. Dried Jerusalem artichoke concentrate can be
used for production of inulin syrup.

2. Boiling ensures more concentrated inulin syrup
and is more time-saving process than vacuum
evaporation.

3. Subsequent roasting of Jerusalem artichoke
chips and evaporation of water extract ensures
the formation of Maillard reaction products in
syrup and thus the organoleptic properties.

4. FT-IR spectroscopy can serve as a quick method
for the process monitoring and assessment of
the composition and content of a particular
component in juices.

120

5. The obtained Jerusalem artichoke syrup could be
used as an additive in different kinds of functional
foods like beverages, cookies, yoghurts, ice
creams, and deserts.

6. Further studies should emphasize the formation
of Maillard reaction products during processing
and should evaluate the significance of variable
storage conditions on the quality and nutritive/
functional value of inulin-fortified drinks.
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Anotacija

Inulins tiek plasi izmantots ka prebiotikis un fiziologiski aktivs savienojums dazados funkcionalajos partikas
produktos. ST darba mérkis bija izp&tit iespgju iegit Gideni $kistosu inulina sirupu, izmantojot kaltétus un
grauzd@tus vai nekaltétus topinambiira bumbulu &ipsus. So inulina produktu varétu izmantot funkcionilo
dz€rienu razoSanai. No sausiem Cipsiem praktiski viss inulins ekstragéjas péc divam stundam, bet péc Cetram
stundam ekstrakta bija 1.57 reizes vairak inulina neka izmantojot nekaltétus Cipsus. Tika noteikts inulina un
kop€jo oglhidratu daudzums sauso ¢ipsu ekstrakta, abolu sula un to maisijuma. Glabajot abolu sulu ar 5%
inulina piedevu 10 dienas +4 °C, inulina daudzums biitiski nesamazinajas. Lai iegiitu koncentrétu inulina sirupu,
topinambiira ekstraktu ietvaicja vakuuma 5.5 stundas 80 °C vai varija 2 stundas 100 °C, attiecigi iegiistot
69.48% un 59.13% koncentrata. IetvaicéSanas veids neietekmgja inulina koncentraciju, bet kop&jo oglhidratu
daudzums varot nedaudz samazinajas. Tas varétu bt saistits ar Mailarda reakcijas produktu veidosanos, jo
melanoidinu daudzums sirupa péc vakuuma ietvaic&Sanas bija 32.5 mg g?, bet péc variSanas — 41.0 mg g*.
Furjé transformacijas infrasarkana spektroskopija tika izmantota, lai salidzinatu topinambiira sulas un abolu
sulas biokimisko sastavu un noteiktu kop&jo oglhidratu daudzumu, ka ari topinambiira sirupa kvalitativas un
kvantitativas izmainas atkariba no ietvaicé$anas metodes.
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valoda viena rindkopa; ievads — situdcija un hipotéze;
materidli un metodes — pétljuma objekts, metodes un
metodika, lai ikviens glitu priek$statu par péttjumu gaitu;
rezultdti — tcksta, tabulu, attélu veida ar atbilstoSu datu
ticamibas novertgjumu un rezultdtu analizi; diskusija —
pEtijumu rezultdtu interpretacija, salidzindjums ar citu
autoru lidzigiem pétijumiem, jaundkajam zindtnes atzinam;
secindjumi; literatiiras saraksts. Manuskriptu apjomam
nevajadz&tu parsniegt 15 lappuses — originalrakstam, 20
lappuses — apskata rakstam un 6 — Tsiem zinojumiem.
Manuskripta janumuré lappuses, attéli, tabulas un formulas.
Teksts

Darbs janoformé datorsalikuma programma MS Word uz A4
formata lapam, lietojot Unicode fontu Times New Roman ar
izméru 12. Pamatteksts sastav no rindkopam. Sarezgitu un
optiski griiti uztveramu burtu veidu lietosana pamatteksta
nav pielaujama. Teksta attdlums no kreisds lapas malas
30 mm, no pargjam — 25 mm. Rindstarpu attalums — 1.5.
Skaitlos ki decimaldalitajs jalieto punkts, nevis komats.
Manuskriptd lietojamas SI sistémas mérvienibas un arl
attiecigie saisinajumi.

Tabulas

Tabulam (visos potencidlo izdevumu manuskriptos) jabit
veidotam programma MS Wordvai Excel un tas novietojamas
teksta beigas uz atsevi$kdm lapam. Tabulu virsraksti, teksts
tajas un paskaidrojumi pie tam tulkojami ari anglu valoda.
Tabulam jabiit saprotamam ari tad, ja teksts nav lasits.
Tabulu numuri rakstami ar arabu cipariem labaja pusg virs
tabulas virsraksta. Tas nedrikst parsniegt apdrukai paredzeto
lapas laukumu, un tabulu zemteksta piezim&m jabit uz
tas paSas lapas. Ja tabula turpinas uz vairakam lappusém,
tabulas galva bez virsraksta jaatkarto katra lapa, virsraksta
vietd rakstot «....tabulas turpindjumsy» vai «...... tabulas
nobeigums». Nav ieteicams veidot tabulas, kuram rindu vai
kolonnu skaits mazaks par tris. Kolonnas skaitliem jabut
nolidzinatiem. Daudzzimju skaitli jasadala grupas pa trim.
Ja kolonni uz leju atkartojas tas pats skaitlis vai teksts, tas
jaraksta atkartoti, nedrikst likt atkartojuma simboliku.
Atteli

Diagrammas, zim&umus un fotografijas uzskata par
attéliem. Att€liem jabit melnbalta izpildijjuma un tie

novietojami teksta beigds uz atseviskam lapam. Skangtos
attelus, digitalas fotografijas un zim&umus var veidot
jebkura grafiskaja programma, bet ievietot tos MS Word ka
attélus (Picture), nevis ka attiecigas programmas objektus.
Diagrammas ieteicams veidot MS Excel vai MS Word,
izmantojot Microsofi Graph. Diagrammas vélams izvairities
no fona tongjuma un ieram&juma Iiniju lietoSanas; tiklu
[iniju biezumam jabiit % pt, rakstzimju izméram jabiit tadam
pasam ka pamatteksta. Att€los jdizvairas no uzrakstiem
uz tiem. Uzrakstu vietd lietojami simboli vai cipari, kas
at§ifréjami zem attla. Paraksts zem attgla sakas ar attéla
numuru, tad seko nosaukums, kas atklaj vai raksturo attéla
redzamo, un tad attéla lietoto ciparu, simbolu atSifr&jums.
Att€la nosaukums un visi paskaidrojumi taja tulkojami ari
anglu valoda.

Formulas

Formulas jaraksta MS Equation programma. Formulas teksta
raksta atseviska rinda pa vidu. Formulas numur€, numuru
rakstot taja pa$a rinda starp divam apalajam iekavam lapas
labaja pusé. Formulas lietotajam pamatvienibu liclumam
jabuttadam paSam ka pamatteksta. Kursivarakstamipienemto
apzimgjumu simboli. Formulas ietverto liclumu mérvienibas
raksta aiz to nosaukumiem vai skaitliskajam vertibam teksta.
Formulu paskaidrojumi rakstami aiz formulas, katrs sava
rinda. Starp paskaidrojumu un meérvienibu liek defisi, bet
aiz mérvienibas — semikolu, un aiz pédgjas mérvienibas
paskaidrojuma — punktu.

Citejumi

Atsauces teksta pieraksta, apalajas iekavas ierakstot
izmantotd izdevuma autoru un izdo$anas gadu, piem.
(Monod, 1963).

Literatiiras saraksts darba beigas janoformé alfabgta
kartiba, atseviSkus darbus pierakstot $adi: Zurnalu raksti —
Hahey, R., Senseman, S., Krutz, L., Hons, F. (2002) Soil
carbon and nitrogen mineralization as affected by atrazine
and glyghosate. Biol. Fertil. Soils, 35, pp. 35-40; gramatas
— Lauksaimniecibas ilgtermina investiciju kreditéSanas
programma. (2001) LR Zemkopibas ministrija, Riga, 20
Ipp.; gramatu nodalas — Carrey, E. A. (1989) Peptide
mapping. In: Protein Structure. Creighton, T. E. (ed.) ILR
Press, Oxford, pp. 191-224.; INTERNET resursu apraksts
— Veselibas noteicosie faktori. Vide ka dzivibas un veselibas
resurss: http.://www liis.Iv/vid_ves/faktori.htm — Resurss
aprakstits 2004. gada 13. janvart.

Ja atsauces pieraksta ar skaitli kvadratiekavas citéSanas
seciba, tad arf literatiiras sarakstu noformé cité8anas seciba.
Atsaucém teksta jasakrit ar literatiiras saraksta minétajiem
avotiem, un tiem jabiit publiski pieejamiem.

Finals

Recenzéto un attiecigi papildinato manuskripta pedgjo
versiju autors(i) elektroniskd veida kopa ar manuskriptu
iesniedz tehniskajam redaktoram.

Tikai preciza visu ieprick$ minéto prasibu ievérosana sekmés
sagatavoto manuskriptu atraku publicgSanu.

Atkapes no $o noteikumu prasibam pielaujamas, saskanojot
ar LLU Rakstu redkolggiju

LLU Rakstu redkolégijas adrese:
Liela iela 2, Jelgava, LV 3001
Telefons: 630-05671; fakss: 630-05685;
e-pasts: Inga.Skuja@llu.lv

Papildu informacija par LLU Rakstiem pieejama
LLU majas lapa http.//www.llu.lv sadala Pétnieciba.




INSTRUCTIONS TO AUTHORS

Latvijas Lauksaimniecibas Universitates Raksti
(Proceedings of the Latvia University of Agriculture)
publishes reports that describe the results of original
theoretical or experimental research of importance and
interest to diverse groups of scientists. The scientific
articles should be intelligible to a broad scientific
audience. The journal publishes also information on
events pertaining to science life.
Procedure for submission of manuscripts. The persons
who submit manuscripts assume responsibility for the
propriety and scientific standards of the manuscripts
they submit. However, as authorized by the Council of
the University, the Editorial Board reserves the right to
subject manuscripts to further review when necessary
and to reject those that do not meet the general criteria
for publication or are regarded as inappropriate in some
significant way. The Editorial Board reserves the right to
editall manuscripts linguistically and stylistically. Authors
submitting a paper do so on the understanding that the
work has not been published before, is not considered for
publication elsewhere and has been read and approved
by all authors. The submission of the manuscript means
that the authors automatically agree to assign exclusive
copyright to the Latvia University of Agriculture if and
when the manuscript is accepted for publication. The
work shall not be published elsewhere in any language
without the written consent of the Latvia University of
Agriculture. The date of receiving the communicated
manuscript in the Proceedings Office will become part of
the published paper.
Manuscript should be printed out with standard-size (12
points) letters, the font Times New Roman or equivalent,
on one side of good white paper of A4 format, with
margins of at least 25 mm and left-hand margin — 30
mm. 1.5 line spacing should be throughout, including
references, tables, figures, and footnotes. Reviews should
not exceed 20 pages, original papers — 15 pages, and
short communications — 6 pages. The pages should be
numbered throughout, including tables and figures. The
structure of original paper should be arranged in the
following succession:
Title should reveal precisely, in a few words, the subject
matter in the shortest possible form; the Author, or
authors, should type their full names, followed by the
names of the department and institution where the
investigation was conducted, including a complete postal
address. Co-authors from other departments or institutions
should be named in the sequence of authorship. The
telephone number, fax, and e-mail of the corresponding
author should be provided; Abstract is in one paragraph
- up to 250 words should adequately summarize the
essential findings described in the paper; Key words —
not more than five, should be presented in a separate line;
Introduction outlines the purpose, scope and methods of
the investigation and its relation to other research in the
same field; Materials and Methods should be described
in detail, so that one might follow the procedures. Standard
laboratory procedures should be mentioned only, but
reference citation is necessary; Results are presented in

textual, tabular, or figure form. This section should be
brief, if it is both preceded by well expounded Materials
and Methods section and followed by a well considered
Discussion; Discussion provides interpretation of the
results. One should not avoid discussion of controversial
or unsettled points or of data obtained by the authors,
or any evidence for drawing Conclusions; those whose
role is limited to providing materials, financial support or
review should be recognized in the Acknowledgements
section of the paper; References, when cited in the text,
should be written as follows: (Carrey, 1989; Hahey et
al., 2002; Naturalizing ..., 2007). In the list at the end of
the manuscript, they should be arranged in alphabetical
order and each reference should be described as in
the following examples: journal article — Hahey, R.,
Senseman, S., Krutz, L., Hons, F. (2002) Soil carbon
and nitrogen mineralization as affected by atrazine and
glyghosate. Biol. Fertil. Soils, 35, pp. 35-40; a book —
Chard, T. (1995) An Introduction to Radioimmunoassay.
Elsevier, Amsterdam. 534 pp.; chapter from a book
— Carrey, E. A. (1989) Peptide mapping. In: Protein
Structure. Creighton, T. E. (ed.) ILR Press, Oxford, pp.
191-224; INTERNET resources — Naturalizing with
flower bulbs: http://www.flower-gardening-made-casy.
com/ naturalizing.html — Accessed on 28.10.2007.
Tables and figures. Tables should be intelligible by
them, without reference to the text. Table headings should
be concise and should adequately represent the subject
matter and be part of the table. Footnotes to the tables
should be placed on the same page and designated by
superscripts ', %, etc. Graphs, diagrams, drawings and
photographs are considered as figures. Both tables and
figures should be numbered with Arabic numerals in the
order of appearance in the text and should be typed on
separate pages at the end of the manuscript. Equations
should be written in MS Equation program, graphs and
diagrams — in Excel 5.0, without toning in background,
and in black-and-white version.

Units of measurement and abbreviations. Use of the
International System of Units (SI) is required. In decimals,
use the decimal point, not the comma. In the text and
tables, use the minus exponential (e.g. g m?) instead
of a slash, and use SI abbreviations. The conventional
designation of the authority of a binomial scientific name
of organism should be added the first time the name is
introduced in the main text.

Paper submission. Authors are encouraged to provide the
final version of accepted manuscripts either on a floppy
diskette, which should be IBM compatible, or by e-mail.
Scrupulous adherence to these instructions can speed
publication.

Address of the Editorial Board:
LLU Raksti
Lield iela 2,
Latvia University of Agriculture
Jelgava, LV-3001, Latvia
phone: +371-630-05671; fax: +371-630-05685;
e-mail: Inga.Skuja@llu.lv
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