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A summary evaluation on the physical condition
of soil in field experiments

PETRA FOLDESI - CSABA GYURICZA

Szent Istvan University
Institute of Crop Production
Go6dolls, Hungary

SUMMARY

A great variety of experiments are underway today to compare the impacts of different
tillage systems on soil condition. In the course of our studies between 2004 and 2006 we
assessed the impacts of conventional soil tillage. Our field experiments — set up in six
different farms — focused on the soils’ agronomical structure, penetration resistance and
moisture content within the soil’s physical condition in general. This paper contains a
summary of the findings of the experiments and an evaluation of the impacts of conventional
tillage practices on the soil’s physical state in the various site conditions.

In the course of the analyses of the agronomical structure of the soils in 2004 we found
statistically proven differences between the various treatments in terms of the clod
fractions and the crumb fractions (LSDsg¢clod = 10.2, LSDsgcrumb = 10.8). No significant
differences were found between the dust fractions at the six sites. In the course of the
analysis of its agronomical structure, the soil structure was not found to have been damaged
by conventional tillage. The examination of penetration resistance showed significant
differences between the various treatments in the first year of the experiments (2004) at
the tillage depth (LSD5%20-30 = 1.2), in the second year (2005) below the tillage depth
(LSD5%30—40 = 0.3) and in the third year (2006) in the soil’s top 10 cm layer (LSDs¢,0—-10
= 0.5) and in the 10-20 cm layer (LSDs%10-20 = 0.6). Soil penetration levels showing
harmful compaction (over 3 MPa) were only found in the first year of the experiment. In
terms of soil moisture content significant differences were found in 2004 in the 10-20
cm layer (LSDs¢10-20 = 8), in the 20-30 cm layer (LSD5420-30 = 7.8), in the 30—40 cm
layer (LSDs5%30-40 = 7.3) and in the 40-50 cm layer (LSD5%40-50 = 3.9) as well. In year
2005 significant differences were found between the treatments in the 20-30 cm layer
(LSD5%20-30 = 1.7) and in the 30—40 cm layer (LSDs%30—40 = 1.9), while in 2006 no
significant differences were found between the treatments in any of the relevant soil layers
in terms of soil moisture content. We supplemented our experiments with the assessment
of the different years’ effects (impacts of the given year’s weather conditions). While
the different years had no significant impacts on the agronomical structure, they did
influence the soils’ penetration resistance and moisture contents considerably.
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Under the soil and site conditions of the experiments the conventional soil tillage that had
been applied for a period of three years did not result in any deterioration of the soil’s
physical state. In our opinion however, the positive results were more a consequence of
the soils’ favourable physical attributes and their favourable initial condition than the
conventional tillage system applied in the experiment. For ecological and economic
considerations in the longer run however, it is indispensable that soil and environment
preserving tillage techniques be chosen even where the soil is in a favourable condition.
Keywords: soil condition, conventional tillage, agronomical structure, soil penetration
resistance, soil moisture content.

INTRODUCTION AND A REVIEW OF LITERATURE

The most important duties of a farmer producing field crops are to protect and preserve
the soil’s fertility and quality, to prevent biological, physical and chemical degradation
and at the same time to produce crops competitively (Bencsik 2009). Pepd (2004) held that
conserving and improving, as far as possible, the physical, chemical and biological attributes
of the soil are among the most essential tasks of sustainable cropping. Vdrallyay (2010)
considers that mitigation of the cropping risks, soil protection, the prevention, elimination
and alleviation of extreme water balance and ecological stress situations are of particular
importance in “sustainable” land use. Bartholy et al. (2010) reported in their study that the
Carpathian Basin was definitely facing a trend of warming up towards the middle of the
21st century. Hungary’s annual mean temperature is expected to rise by 1.1 °C by that time.
Precipitation is another key climate variable besides temperature, the variations of which
also have a profound impact on the main sectors of the economy, including, in particular,
agriculture. The annual average precipitation in Hungary is expected to decrease by nearly
7%. The future changes in climate factors will be forcing farmers to carefully choose soil
tillage systems that are best suited to their site conditions.

The recent decades have seen a growing number of studies of the impacts of conventional
and of soil protecting/preserving production methods on soils’ physical conditions. The
impacts of such tillage systems on the soil and on the environment have been and are
still being studied by numerous Hungarian scientists (e.g. Gyuricza 2000, Birkds 2002,
Percze 2002, Ldszl6 2007, Bencsik 2009) and foreign authors (e.g. Hill and Cruse 1985,
Kladivko et al. 1986, Brandt 1992, Schwab et al. 2002, Turtola et al. 2007, Alvarez and
Steinbach 2009, Cociu 2011).

According to Birkds (2001) conventional farming is a target of most criticism owing to its
impacts on the environment (erosion, deflation, compacting, loss of organic matter, soil, air
and water pollution) and its costs. Typically monocultural land use, tillage comprising of
multiple tillage passes and frequent soil disturbance leads to increased soil degradation and
soil structure deterioration (Gyuricza 2001). Conventional tillage involves the working of
the entire soil surface. Soil conditions that are considered to be favourable for plant growth
are produced by more than the reasonable number of tillage passes — these practices take



A summary evaluation on the physical condition of soil in field experiments 5

too much time, energy and money (Birkds 2001, Birkds 2006). As a consequence of the
tillage operations entailing frequent soil disturbance, soil tillage comprising multiple tillage
passes (primary tillage with ploughing in the autumn) causes soil structure deterioration
and compaction (structure degradation) and a loss of organic matter (Huzsvai et al. 2003).
A tillage and seeding system is considered to be soil preserving” if at least 30% of the
soil surface is covered with crop residues even after seeding to protect the soil (Dickey et
al. 1991, Dickey et al. 1994, Jasa et al. 1999, Uri 1999, Birkds 2006) and the loss of soil
through erosion/deflation is reduced by at least 50% in comparison with conventional
tillage (Birkds 2006). Adopting soil protecting and conserving tillage produces both
environmental and economic benefits. The soils’ physical and biological condition improves
as aresult of which the adverse effects of weather extremes are also alleviated. In parallel
with the reduction of damage the quality of the environment also improves on the whole
(Birkds 20006). In addition to creating and preserving favourable physical and biological
conditions the application of soil conserving tillage solutions usually has a positive impact
on economic factors (number of tillage passes, time and fuel requirement) (Gyuricza 2000).
In the course of their experiments set up in Poland in 2006 and 2007 Czyz and Dexter (2008)
studied the impacts of conventional and reduced tillage systems on the physical conditions
of soils of two different types. They found that the tillage systems had significant impacts
on the soils’ physical conditions, particularly their moisture content.

According to Husnjak et al. (2002) discussions of conventional, soil protecting and direct
seeding (no till) systems are growing increasingly important owing to ecological and
economic considerations. They studied the physical attributes of a loam soil applying
five different soil tillage systems (conventional, reduced, soil protecting I and II as well
as direct seeding). In the course of their experiments between 1997 and 2000 they found
the best physical attributes (i.e. the lowest mass per volume and the highest total porosity)
in their soil in the case of the soil protecting tillage techniques.

A number of Hungarian authors examined the impacts of conventional and soil conserving
tillage on the soil’s physical state with the aid of penetrometers. The studies carried out by
Rdtonyi (1999) showed that the soil’s physical attributes had a major impact on the growth
and development of field crops. In the course of his experiments he explained the soil’s
penetration resistance with the aid of linear regression equations with two variables: soil
moisture content and soil compaction. He found that within a given soil moisture content
range the soil’s penetration resistance increased towards the lower moisture content levels.
In examining different tillage systems Ldszlo (2007) found that only the top 10 cm layer
of the soil was more compact in the case of direct seeding in terms of soil penetration
resistance than it was after other tillage treatments. At the bottom of the tillage depths
the soil resistance values measured after conventional tillage were significantly lower
than after ridge tillage. Tillage caused no differences in penetration resistance below
a depth of 20 cm. He explained the small soil resistance underneath the top layer after
direct seeding by the favourable circumstances that developed in undisturbed soil. In the
case of ridge tillage the development of a tillage pan layer was also indicated by the soil
resistance value. In the case of conventional tillage he found that according to the soil
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penetration resistance profile, soil resistance was evenly favourable across the entire soil
profile. Gyuricza et al. (1998) examined soil penetration with a penetrometer after five soil
tillage variants (loosening + ploughing, loosening + disking, ploughing, direct seeding,
disking). They found that under the given experimental circumstances the degree of soil
penetration resistance had been influenced primarily by the tillage depth and the applied
tillage tools. They found disking to have the most damaging impacts on the soil structure.
In selecting a tillage system that equally meets the requirements of sustainable land use
and cost effectiveness attention must be paid to the various tillage methods’ impacts
resulting in maintaining or improving the soil’s structure and on its water transport regime
(Farkas 2004).

In our six field experiments we studied the soil’s agronomical structure, penetration
resistance and moisture content in the circumstances of conventional tillage. This paper
contains a summary of the results and findings of the soil condition studies carried out
between 2004 and 2006.

MATERIALS AND METHODS

Geographical location

The experiments were established in 2004 in the mid-Hungarian region (Nagykata-
microregion) at six farms between Pand (N.L. 47021’ 01*, E.L. 19038’ 00", altitude above sea
level: 129 m) and Kéva (N.L. 47021’ 197, E.L. 19035’ 16”, altitude above sea level: 131 m).
The area is located in a valley surrounded by hills, but the experiments were laid out on
a flat area.

Climate conditions
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Figure 1. Changes in mean monthly temperatures (°C)
in the experimental area in 2004-2006
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The monthly mean temperature data (Figure 1.) were measured at an automated
meteorological station in the nearby Tapidszele Institute for Agrobotany. The annual
mean temperature averaged over three years was 10.09 °C (with a maximum monthly
mean of 21.43 °C in July and a minimum of —1.97 °C in January). The lowest mean annual
temperature values (9.81 °C) were recorded in 2005.

Precipitation data were obtained from a recording station in Nagykata. Averaged over
three years the highest monthly precipitation was recorded in June (71.20 mm) and August
(99.43 mm) and the lowest (19.50 mm) in October. The highest annual precipitation (702.1
mm) in the three years was received in 2005 (Figure 2.).
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Figure 2. Monthly precipitation (mm)
in the experimental area in 2004-2006

Soil parameters

Since no soil tests had previously been performed on the pilot farm, samples from the six
experimental sites were examined for upper limit of plasticity (KA), pHkcL value, calcium
carbonate, humus, phosphorus and potassium contents under laboratory conditions using
standard procedures between 2004 and 2006. Based on the values obtained for KA (37-39
over the three-year period) soil texture was estimated to be loam. The pH of the examined
soils varied from slightly acidic to neutral (pHkcr = 5.70-7.22). The humus content in the
top soil was poor (1.26-2.75%) while the AL-P,0s content was 65.79-229.97 ppm and the
AL-K>0 content 61.80-396.59 ppm.

The agronomical structure, penetration resistance and soil moisture content were examined
during the field experiments under conventional tillage conditions. Conventional tillage is
characterized by high traffic throughput, involving time- and energy-consuming operations.



8 P. Foldesi — Cs. Gyuricza:

The tillage depth is more frequently adjusted to the needs of the plants and the tools at hand
than to the moisture or compactness of the soil. Crop residues are not utilized outside the
growing period to protect and cover the soil surface, thus minimizing moisture loss (Birkds
2002). A friable seedbed free of crop residues is seen as desirable for conventional tillage.
In the field experiments the same tillage systems were used for post-harvest operations
in all three years: disking the upper layer was followed by autumn ploughing (30 cm). In
spring, before sowing, the soil was loosened with a cultivator. Maize (Zea mays L.) and
sunflower (Helianthus annuus L.) were grown on the farms during the three-year period.
The crop sequences in the experimental treatments were as follows: Experiment A: maize-
sunflower-maize, Experiment B: maize-sunflower-maize, Experiment C: maize-maize-
sunflower, Experiment D: maize-maize-maize, Experiment E: maize-maize-sunflower,
Experiment F: maize-maize-maize.

Agronomical structure

In the field experiments the agronomical structure of soil was assessed by dry sieving.
On the six farms the clod fraction was determined twice in 2004, three times in 2005 and
2006 with three parallel determinations each year. The soil samples, collected from the
experimental area, were dried to constant weight, and fractioned by 7 sieves of different
pore sizes (20, 10, 5, 3, 1, 0.5 and 0.25 mm) to 8 different size-fractions. The weights of the
certain fractions were determined and expressed as a mass percentage of the sample. Thus
we obtained the percentage clod, crumb and dust composition of soil. When evaluating the
agronomical structure of soil, the shape of the structural elements is not considered. Only
by their sizes are they classified and the proportions of the aggregates, falling to certain
size-ranges, are determined (Stefanovits 1992). Thus the retained fraction on sieves with
not less than 10 mm pore size fall to clod fraction (10 mm <), the ones with 0.25-10 mm
pore size belong to crumb fraction (0.25-10 mm), while the ones passing through the 0.25
mm pore size sieve to the dust collector represent the dust fraction (0.25 mm >).

Penetration resistance (PR), soil moisture

PR measurement (one of the most commonly used measurements for compaction) was used
for the examination of the compacted layers. The changes in the physical properties of soil
in space and time are well demonstrated if the soil moisture content is also considered for
the soil penetration resistance. A mechanical, spring-penetrometer was applied to the field
experiments in the vegetation period. The measurements were carried out on three replicates,
at 10 cm intervals to a depth of 50 cm (Dardczi and Lelkes 1999). The determination of the
soil moisture content was carried out simultaneously with the PR. The moisture content
of the soil samples was determined by an oven method, drying at 105 °C, until a constant
weight was achieved. Similarly to the practice applied for PR determination, samples for
soil moisture determination were taken at 10 cm intervals to 50 cm depth in three replicates.
The agronomical structure, PR and moisture content measurements were evaluated by a
Microsoft Office Excel-program. Single factor analysis of variance was applied for the
statistical evaluation (Svdb 1981, Bardth et al. 1996).
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RESULTS AND DISCUSSION

The relative proportions of the various soil aggregate fractions in soils under different
tillage treatments were already discussed in earlier papers (Foldesi and Gyuricza 2011a)
and studies of soil penetration and soil moisture between treatments have also been
covered in detail (Foldesi and Gyuricza 2011b). Moreover, our statistical analyses were
supplemented with studies of the impacts of specific years, i.e. with comparisons of
averages of measured variables across different years (Foldesi and Gyuricza 2012). This
paper contains a summary and evaluation of the findings of various soil condition studies
along with comparisons to data found in literature.

Assessment of the agronomical structure

The soils’ agronomical structures were established in the course of the growing season
twice in 2004 and three times in both 2005 and 2006, in three iterations on each occasion,
by sifting the dry soil. What was studied during the three years of our experiment was how
the relative proportions of the clod, the crumb and the dust fractions were changing as a
consequence of conventional soil tillage under field conditions. In 2004 we found statistically
significant differences between the different treatments in terms of the clod fraction and the
crumb fraction which is the most important component of the soil for the purposes of tillage
(LSDsg.clod = 10.2, LSDsg.crumb = 10.8). No significant differences were found between the
treatments in terms of the dust fraction. In 2005 and 2006 however, no significant differences
were found between the six experiments in terms of any of the soil aggregate fractions. In
assessing the agronomical structure of the soil no damage was found in the soil structure after
conventional tillage. Birkds and Gyuricza (2004) found that in soils that frequently disturbed
by ploughing and disking there were smaller crumb fractions and higher proportions of dust
and clods. Monotonous land use may, over time, lead to the strengthening of degradation
processes which cause deterioration in the soil structure. In our experiment the ratio of the
crumb fraction that is so crucial for cropping did not drop below 70% even by the third year
of our studies. Bencsik (2009) studied the soil’s agronomical structure under conventional
and ridge tillage as well. In view of the impacts of the treatments she found significant
differences in terms of the clod and the crumb fractions, i.e. ridge tillage was found to be more
favourable in general for the soil’s structure than conventional tillage based on ploughing.

To improve the accuracy of our conclusions we supplemented our experiment by studying
the effects of the various years as well. A single factor variance analysis process was carried
out to statistically confirm the differences between the years of our experiments, in the
course of which the averages of the percentages of the various soil aggregate fractions
measured in the given years were taken into account. No significant differences were found
between the years concerned in any one of the fractions. The proportion of the clod fraction
was highest in 2004 but even then we found no heavy clod forming. During the years of
our experiments and in view of all of the treatments on the whole, the highest ratio of the
crumb fraction, which is the most favourable component for cropping (as an average of the
values measured in the case of the different treatments) was found in 2005. Figure 3. shows
the changes in the agronomical structure as a percentage of the three years (2004-2006).
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Figure 3. Changes in the agronomical structure
in the experimental area in 2004-2006

Soil penetration resistance assessments

In

the course of the growing season — simultaneously with the assessments of the agro-

nomical structure — we measured soil penetration resistance (PR) twice in 2004 and three
times in 2005 and 2006 each (Figure 4.).
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Figure 4. Changes in soil penetration in the various treatments
as an average of the tree years (2004-2006)
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In the course of the six field experiments in the assessment of PR in the first year (2004)
we found significant differences (LSD5¢20-30 = 1.2) between the treatments in the tillage
depth (i.e. in the 20-30 cm layer). In the second year (2005) significant differences were
found underneath the tillage depth, i.e. in the 30—40 cm layer (LSD5430-40 = 0.3), while
in the third year (2006) significant differences were found between the treatments in the
top 20 cm layer (LSD5¢0-10 = 0.5, LSD5%10-20 = 0.6). PR values (over 3 MPa) indicating
harmful compaction were only found in the first year of the experiment and only in
treatment A (40-50 cm), treatment B (30—40 and 40-50 cm) and treatment E (40-50 cm
layer). The averages of the soil PR values measured in 2005 and 2006 did not reach the
limit of harmful compaction in any one of the experiments. This was a definitely positive
result from the aspect of cropping because during the rainy year of 2005 and thereafter
the movement of rainwater into the soil and the utilisation of the water in the soil was not
impeded by compact layers at any depth in the soil.

The assessments of PR during the years of the experiments between the treatments were
supplemented by comparing the averages of the data measured in the different years across
the years concerned. Significant differences were found between the years at every depth
(LSD5%,0-10=0.2, LSD59,10-20=0.2, LSD5%20-30=0.2, LSD5%30-40 = 0.2, LSD5%40-50
= 0.2), showing that the different years’ impacts did have a substantial effect on the PR
values. Miko (2009) arrived at similar conclusions in the course of his experiments with
green manure plants and he found that the PR levels were closely correlated to the years’
impacts and the site conditions. In studying three soil tillage techniques (ploughing in the
autumn, ploughing in the spring and shallow disking in the spring) Rdfonyi (1999) found
that PR increased in the tilled layer together with the increasing depth in each treatment and
the maximum values were measured in the compact layers (so-called plough pan and disk
pan) formed as a consequence of tillage to the same depth year after year. In the course of
our PR assessments no plough pan or disk pan layer could be found at the depth of tillage
by the third year of our experiments.

Soil moisture studies

In assessing the soil’s physical condition its moisture content was also established —
simultaneously with the assessments of agronomical structure and PR — twice in 2004
and three times in 2005 and 2006 each (Figure 5.).

The soil’s moisture content varies greatly in both space and time (Stefanovits 1992). Significant
differences were found between the treatments in the first year of the experiments (2004) in the
10-20 cm layer (LSDs¢,10-20 = 8), in the 20-30 cm layer (LSD5420-30 = 7.8), in the 30—40
layer (LSDs%30—40 = 7.3) and in the 40-50 cm layer (LSD5%40-50 = 3.9) alike. Apart from
the 20-30 cm layer in the various soil layers the lowest soil moisture content was always found
in treatment B from among the six treatments applied in the experiment. The increase in PR
must have been caused by the low soil moisture contents measured in the 30—40 cm and the
40-50 cm layers. Rdtonyi (1999) used a penetrometer combined with a soil moisture content
meter for the assessment of the physical condition of the soil. He found that in the soil moisture
content range of his experiments that the lower the soil moisture content the higher the PR was.
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Figure 5. Changes in soil moisture contents after the different treatments
as an average of the three years (2004-2006)

In 2005 significant differences were found between the treatments in the 20-30 cm layer
(LSD5%20-30 = 1.7) and in the 30-40 cm layer (LSDs430-40 = 1.9). No significant
difference was found between the treatments in 2006 in any one of the different soil layers
in our assessments of the soil moisture content.

The assessments between treatments were supplemented by comparing the averages of the
data measured in the various years across the different years of the experiment. Apart from
the 1020 cm depth, significant differences were found in each layer (LSDs4,0-10 = 0.8,
LSD5%20-30 = 1, LSD5%30-40 = 1, LSD5440-50 = 0.9), i.e. the effects of the different
years could be identified in these soil layers as well. The years’ impacts affected not only
PR but also — except for the 10-20 cm layer — the soil moisture content. Similar conclusions
were drawn by Miko (2009) as well, who found in the course of his experiments that soil
moisture content also depends heavily on year and site.

In the course of their soil condition assessments Beke et al. (2007) concluded that in a
given site and under a given type of tillage PR is closely correlated with the amount of
precipitation landing on the soil surface and consequently with the soil’s moisture content.
Ldszlo (2007) assumed that the amount of precipitation has a massive impact on the effects
of tillage systems on soil attributes.

The only significant differences between the treatments were found in the 10-20 cm layer
(LSDs5%10-20 = 1.7). At that depth the soil’s moisture content depended not only on the
year’s impacts but also on the applied agricultural technology. Accordingly, conventional
tillage affected the soil’s moisture content in the 1020 cm layer. The soil’s moisture con-
tent dropped below 40 cm in each treatment in years 2005 and 2006. Our findings are in
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accordance with the findings reported in literature (Beke 2006, Ldszlo 2007, Miké 2009),
in that PR and soil moisture are both heavily affected by the different year’s impacts.

CONCLUSIONS AND RECOMMENDATIONS

Within the soil’s physical state in general, our field experiments were focused on the
soils” agronomical structure, penetration resistance and moisture content. The findings
of the studies of physical soil condition between 2004 and 2006 lead us to conclude that
the applied conventional tillage techniques did not result in any degradation in the soils’
physical condition by the last year of the experiment. No harmful clod forming was found
by the assessment of the soil’s agronomical structure, which was probably a result of the
high quality of ploughing which was carried out in the optimum soil moisture range from
the aspect of tillage. Since however, land use affects the soil’s structure over time, tillage
repeatedly carried out in the same depth year after year increases the risks of the formation
of compact layers in the soil, therefore there is a case for the application of soil structure
conserving tillage techniques and for varying the tillage depth between any two years.
No plough or disk pan layer could be found even by the third year of our soil penetration
resistance tests at the depth of tillage. Thus there was no impenetrable compact layer that
could have prevented the movement of rainwater into the soil and then down to deeper soil
layers, which is one of the key factors affecting the success of cropping. We found that the
different years heavily affected the soil’s penetration resistance and moisture content values.
Soil moisture content in the 10—20 cm layer was affected not so much by the different years
but by the applied technologies. Consequently, the impacts of conventional soil tillage on
the soil’s moisture content were confirmed in this soil layer as well.

Summing up the findings of our soil condition assessments we concluded that the applied
soil tillage did not, under the soil and site circumstances of our experiments, result in any
degradation of the soil’s physical condition. Nonetheless, we hold that the positive findings
were more heavily influenced by the soil’s favourable physical conditions and the favourable
initial soil condition than the applied conventional tillage techniques. Over a longer term
however, from ecological and economic aspects, the adaptation of soil and environment
preserving methods suited to the prevailing site conditions is an indispensable requirement
even in the case of favourable soil conditions.
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A talaj fizikai dllapotdnak osszegzd értékelése szantéfoldi kisérletekben

FOLDESI PETRA — GYURICZA CSABA

Szent Istvan Egyetem
Novénytermesztési Intézet
Godolls

(OSSZEFOGLALAS

Napjainkban vildgszerte szaimos kisérlet folyik a kiilonféle mtivelési rendszerek talajilla-
potra gyakorolt hatdsdnak Osszehasonlitdsara. 2004-2006 kozott elvégzett vizsgalataink
soran a hagyomanyos talajmtivelés hatdsat tanulmdnyoztuk. A hat gazdasdgban beallitott
szant6foldi kisérleteink a talaj fizikai dllapotan beliil az agrondmiai szerkezetre, a talaj
ellendlldsara és nedvességtartalmara fokuszaltak. Jelen dolgozatban az elvégzett vizsga-
latok eredményeit Osszegezziik, és azok alapjan értékeljiik adott termd@helyi koriilmények
kozott a hagyomdanyos miivelés hatdsét a talaj fizikai allapotdra.

Az agronémiai szerkezet vizsgélata sordn 2004-ben a rogfrakcié és a morzsafrakeid ese-
tében taldltunk igazolhat6 statisztikai eltérést az egyes kezelések kozott (SzDsqrog = 10,2,
SzDsgmorzsa = 10,8). A porfrakciok kozott nem volt szignifikdns kiilonbség. A 2005. és 2006.
években egyik frakcioméretnél sem taldltunk szignifikdns eltérést a hat bedllitott kisérlet
kozott. A talaj agrondmiai szerkezetének vizsgdlatakor a hagyomanyos miivelés sordn nem
tapasztaltuk a talajszerkezet kdrosoddsat. A talajellendllds vizsgalatakor az elsé évben (2004)
a mivelés mélységében (SzDs5%20-30 = 1,2), a masodik évben (2005) a miivelés mélysége
alatt (SzD5%30-40 = 0,3), a harmadik évben (2006) a talaj 0—10 cm-es (SzDs%0-10 = 0,5)
és 10-20 cm-es (SzD5410-20 = 0,6) mélységében taldltunk szignifikéns eltérést a kezelések
kozott. Csak a kisérlet elsé évében tapasztaltunk karos tomorodésre utalé (3 MPa feletti)
értéket. A talaj nedvességtartalmanak vizsgélatakor 2004-ben a 10-20 (SzD59,10-20 = 8),
a 20-30 (SzD5%.20-30 = 7.8), a 30—40 (5zD5%30-40 = 7,3) és a 40-50 cm-es mélységben
(SzD5%40-50 = 3,9) is szignifikans kiilonbséget taldltunk. A 2005. évben a 20-30 cm-es
(SzD5%20-30=1,7) é€s a 30—40 cm-es (SzD5%30—40 = 1,9) mélységben taldltunk szignifikans
kiilonbséget a kezelések kozott. A 2006. évben egyik mélységben sem taldltunk szignifikans
eltérést a kezelések kozott a nedvességtartalom vizsgalatakor. Eredményeinket az évjarathatés
vizsgdlataval is kiegészitettiik. Mig az agrondmiai szerkezetre nem volt hatdssal az évjarat,
addig a talaj ellenallasat és nedvességtartalmat nagymértékben befolyasolta.

A vizsgilt talaj- és termGhelyi viszonyok kozott a hdrom éven keresztiil alkalmazott
hagyomdnyos talajmtvelés a vizsgélat utolsé évére nem eredményezte a talaj fizikai alla-
potdnak leromldsat. Véleményiink szerint azonban a pozitiv eredmények alakuldsdban a
talaj kedvez6 fizikai tulajdonsagai és a kedvez6 kiinduldsi talajallapot nagyobb mértékben
jatszott szerepet, mint az alkalmazott hagyomanyos mtivelési rendszer. Hosszu tdvon azon-
ban 6koldgiai és bkonémiai megfontolasbdl még kedvezd talajallapotnal is elkeriilhetetlen
az adott termd@helyi adottsdgokhoz igazodo talaj- és kornyezetkimélé médszerek adaptalasa.
Kulcsszavak: talajallapot, hagyomdnyos talajmivelés, agrondmiai szerkezet, talajellen-
allas, talajnedvesség.
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Contribution to Mn bioavailability assessment
in characteristic soil types via E-value determinations

TATIANA GABLOVICOVA — GABRIELA NADASKA — JURAJ LESNY

University of SS. Cyril and Methodius
Faculty of Natural Sciences
Trnava, Slovakia

SUMMARY

The paper intends to support the more dependable assessment of bioavailable manganese
portion in soils via widening the conventional methods by application of isotope exchange.
Seven samples representing three Slovak soil types were investigated. In equilibration
process Ca(IT) and Sr(II) while for isotope exchange the radioisotope 3*Mn in form
of 3*MnCl, were utilized. The results of E-value determinations showed significant
divergences in soil types as well in their different horizons. Both the equilibration with
Ca(II) and the equilibration with Sr(IT) brought the highest E-values for Calcic Phaenozem
followed by sharply lower ones for Haplic Cambisol and negligible E-values for Haplic
Arenosol. The comparison of the relevant E-values for horizons A, B and C showed
an unambiguous decrease with the soil depth. At the same time for the exchangeable
manganese fraction of the total manganese content (Fmn = Mng/Mnyotal) @ similar
dependence was observable. In Calcic Phaenozem, equilibrated with Ca(II), we determined
for horizons A, B and C as much as 600.0 mg - kg-! (Fumn = 0.75), 288.9 mg - kg! (Fumn =
0.41) and 228.9 mg - kg-! (Fwma = 0.38) exchangeable Mn respectively. In the same soil
samples the equilibration with Sr(II) resulted in more or less indistinctive changes. The
E-values for horizon A of Haplic Arenosol gained by Ca(II) equilibration 3.7 mg - kg-!
(Fmn=0.04) and by Sr(II) equilibration 9.4 mg - kg=! (Fmn = 0.09). The lowest exchangeable
manganese fraction was determined in horizons A, B and C of Haplic Cambisol, where
the Ca(II) equilibration resulted in 26.9 mg - kg-! (Fymn = 0.07), 10.8 mg - kg~! (Fmn =
0.03) and 8.6 mg - kg-! (Fmn = 0.03) respectively, while the Sr(I) equilibration resulted
in a not fundamental but cognisable increase of both the extractable manganese amounts
and the relevant Mng values.

Keywords: manganese, E-value, equilibration, bioavailable fraction.
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INTRODUCTION

For assessment of bioavailable amounts of mostly metallic soil constituents — beside
conventional methods including a wide spectra of simultaneous and sequential extractions —
a number of sophisticated principles have been proposed. Among them the application
of radioisotopes (more recently stable isotopes) enabled the development of a promising
group of specific analytical methods based on isotopic exchange. The relevant methods
are in some extent analogous as the principle of isotope dilution analysis (Hamon et al.
2002, Bakkaus et. al. 2008, Gdbler et al. 2007). Most known from this method group is
that one which put to use of isotopic exchange between a sequentially mixed in amount
of appropriate isotopic indicator (of negligible chemical concentration) and the relevant
elemental constituent in investigated soil sample. The method leads to determination of
the isotopically exchangeable soil component — the E-value (Goldberg and Smith 1984,
1985). The analytical cycle includes a specific sequence of steps. After an effective
contact of the soil sample with ions of a chosen alkaline earth metal (mostly CaZ*), e.g.
after an adequate equilibration, the isotopic indicator (radioactive or stable) is added to
the soil/solution suspension. The contact of the phases is then continued and in chosen
time periods the count rate (in case of stable isotopic indication the concentration of the
stable indicator) of the solution is measured. After the count rate (the concentration of the
exchangeable stable indicator) becomes time constant — the E-value is calculated. Some
of the methods proposed for determination of bioavailable fraction of soil constituents
make use of the corresponding principle utilizing plants as a specific sort of separation
reagents (Lesny et al. 2005). Another particular method has been proposed and tested
for purpose of some soil component’s labile fraction determination, named L-value. The
relevant methods represent some biological assessment concerning mainly metallic soil
constituents leading to labile (for plants available) fractions of the investigated component.
As by determination of E-value both radioactive and stable indicators are applicable. After
an adequate labeling of the soil sample with an appropriate isotope the cultivation of chosen
plants is accomplished (as a rule from seeds). Then the total soil component as well as
its isotopic fraction in plant tissue is determined and the L-value is calculated (Midwood
2007). Up to now published papers reveal, that the gained E- and L-values — representing
more or less conformable fraction of investigated soil constituents — belong to useful data
helping to improve the characterization of soils and to objectification of their fortification
modes. Critical valuation of the relevant results implies that in the vast majority the L-values
are higher in comparison with E-values. This knowledge is apparently related to the fact,
that the changes in soil composition (first and foremost in the rhizosphere), caused by the
living organisms, may significantly modify (increase) the bioavailability of the related
soil constituents. However, there are also E- and L-value relations of opposite character,
namely those, where due to a broad range of complex chemical and biological processes,
the labile pool of the investigated soil constituent is of lower concentration in comparison
with the exchangeable one (Tongtavee et al. 2005).

Manganese in soils is present in a variety of its chemical forms. It stands for one of the major
essential element of soils and together with a number of other metallic and nonmetallic
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elements, especially Zn, Cu and Se, at the same time also belongs to potentially toxic ones
(Romheld and Marschner 1991). Data concerning the abundance of Mn in the earth’s crust
differ significantly in the range from 0.053 wt. % to 0.14 wt. %. In upper continental crust
the most reliable value of manganese concentration is usually considered to be 0.06 wt. %
(Taylor and McLennan 1985). Nevertheless, manganese is a biogenic element, having a
broad range of physiological functions. Its deficiency in human’s nutrition can lead to
several dysfunctions including the ones of the central nervous system. Manganese plays
an important role in tissue and bone production as well as in metabolism of saccharides
and lipids (Crossgrove and Zheng 2004). General information related to recent knowledge
concerned to manganese chemical species, their toxicity and their chemical analysis is to
found in our previous publication (Nddaskd et al. 2010).

MATERIALS AND METHODS

Soil samples and their essential properties

Seven soil samples showing a wide range of physical and chemical properties were chosen for
this study. The investigated samples were obtained by own sampling and represented three
important soil types of Slovakia, namely Calcic Phaenozem (Siltic) (Jaslovské Bohunice),
Haplic Arenosol (Borsky Mikuld$) and Haplic Cambisol (Dystric) (Sihla). The related
sampling sites are shown in Figure I. and the most important characteristics of the studied
samples are depicted in Table 1.
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Jaslovské Bohunice

Figure 1. Sampling sites of investigated soils
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Table 1. Important characteristics of studied soil samples

Sampling Horizon (Signin Co-ordinates Classification pH CEC CaCOs3

site text H,O | KCI |meq/100g| (%)
Jaslovslé Bohunice :15)112200;13 1B A E?f:g;;glz:g%;o’ Calcic Phaenozem 830 | 753 18.05 07
Jaslovské Bohunice (lslgiii(sn:::i) JBB it:?g4ézzgfl;)§9” Calcic Phaenozem 858 | 7.80 16.61 275
Jaslovské Bohunice l(l;)rsi(z)ocnmC) JBC Ei?a;z:giég” Calcic Phaenozem 892 | 834 14.45 14.8
Borsky Mikulds ?(;)illzso:nz;\) BM Ei(;?gz;glzgé%gzn Haplic Arenosol 683 | 5.93 505 045
Sihla (h(())illzsorclnz?) SHA Ilf]lflgzgéz‘;‘?gséilz’?” Haplic Cambisol 46 38 10.99 05
Sihla (lllfs)r_izz;n;]z) SHEB Eizzg;181<)9;56’5;112§” Haplic Cambisol 47 40 6.67 05
Sihla l(l;)rsiéocnm(;l SHC Efstr:i:gloijsé,zl’Z,S” Haplic Cambisol 47 42 11 05

Preparation of samples

The samples were gathered (gained) by self made field sampling. The relevant samples were

air dried, the plant residues were removed and after homogenization and sieving (2 mm) the
soil samples were stored at a sufficiently dark and dry place.

Table 2. Concentrations of elemental constituents of the investigated soil samples (RFA)

Sample Total concentration of elements (mg - kg!)

Element JB A JBB JB C BM SHA SHB SHC
As 11 10 7 <2 6 5 3
Ba 449 436 346 288 810 818 803
Br 8 11 10 <2 5 4 6
Ca 1000 104000 26000 9000 5000 5000 5000
Cd <2 <2 <2 <2 <2 <2 <2
Ce 88 82 68 <10 58 5 61
Cr 101 98 76 7 23 21 18
Cs 10 4 3 <3 8 10 5
Cu 24 21 16 <5 6 8 6
Fe 3000 2900 2300 2000 2100 2100 2200
Ga 13 13 11 <3 21 24 24
La 53 43 33 <10 33 32 34
Mg 3000 14000 12000 10000 7000 7000 6000
Mn 800 700 600 100 400 400 300
Nb 16 16 12 <2 11 11 12
Ni 42 47 31 5 13 9 7
Pb 25 21 17 12 40 40 33
Rb 105 101 74 42 110 114 111
Se <1 <1 <1 <1 <1 <1 <1
Sn 3 3 2 <2 4 5 4
Sr 103 115 171 47 220 229 222
Th 11 10 6 <3 9 9 12
\ 85 80 68 6 52 55 53
\ <10 <10 <10 <10 <10 <10 <10
Y 34 32 27 4 11 11 11
Zn 75 70 54 12 59 61 54
Zr 428 408 320 51 186 193 203
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Determination of elemental soil constituents: Total concentrations of 27 chosen elements
including manganese were determined by RFA using the high performance X-ray
fluorescence spectrometer X-LAB 2000, SPECTRO, Germany. The results of the relevant
determinations are shown in Table 2.

E-value determinations

The quantification of isotopically exchangeable manganese content of soils were
accomplished by two slightly modified procedures based on Goldberg and Smith (1984).
The applied modifications differed regarding the chosen modes of equilibration. Namely,
for displacement of soil manganese in process of inter-elemental exchange two alkaline
earth metal cations of the same concentration and volume — Ca(II) in form of CaCl, and
Sr(II) in form of SrCl, — were chosen. To 2.5 g soil samples placed in tight 120 cm? volume
PE vessels 50 cm3 0.05 mol - dm=3 of above mentioned reagents (both analytical grade,
Sigma Aldrich, Germany) were added. In order to minimize the microbiological activity
to all vessels 0.1 cm? of chloroform was added as well. For reaching an adequate degree of
chemical equilibration the shaking was maintained for 5 days (Goldberg and Smith 1984,
1985). To achieve sufficient aeration, the vessels were opened daily for several minutes.
The equilibration was carried out at 20+2 °C and at shaking frequency 150 min—! using the
orbital shaker Multi-Shaker PSU20, BIOSAN, Lithuania. After the expected completion
of equilibration the manganese concentrations in the related supernatants gained by
centrifugation (5 minutes at RCF = 1789 g) were determined by galvanostatic stripping
chronopotentiometry using EcaFlow model GLP 150, ISTRAN Ltd., Slovakia. These values
were assigned to be the neutral salt extractable Mn concentrations — generally representing
an important value of manganese mobility in the investigated soils. The afforecited
manganese concentrations — much like as the manganese contents in the remaining solid
phases — were considered to be constant for the subsequent isotopic exchange processes.
After reaching the estimated quasi equilibrium state an aqueous solution of 4MnCl, of
both negligible volume and negligible chemical concentration was added while the shaking
was immediately continued. At defined time intervals the shaking was interrupted, 5 cm3 of
the correspondent suspensions were centrifuged and the count rate of 3 cm? of the solid-free
solutions were measured applying the gamma spectrometric detection assembly composed
of the Nal(T1) well type scintillation detector 76BP76/3 SCIONIX, Netherlands, operated
by the data processing software ScintiVision-32, ORTEC, USA. After detection of the count
rates, the related aliquots were returned to studied mixtures and the shaking was resumed.
This process was repeated until the isotopic exchange equilibrium was observed manifested
by a negligible time dependence of the measured count rates. All measurements were
accomplished with four replicate samples. The quantities of the isotopically exchangeable
Mn in the investigated soil samples (Mng) were calculated using equation (1):

amount of Mn in soil extract / soil weight

Mny, = 0

fraction of >*Mn in extact
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Applied radioindicator

The isotopic exchange experiments were accomplished applying 3*Mn in the form of
54MnCl; etalon (specific activity 3,563 MBq - g1, chemical concentration 50 mg - dm-3
MnCl; in 3 g dm=3 HCI) obtained from the Czech Institute of Metrology, Prague (Czech
Republic).

RESULTS AND DISCUSSION

In order to carry out the determinations of E-values characterizing the investigated soil
samples we accomplished the isotopic exchange experiments described in the previous
chapter. Figure 2. shows the time dependence of supernatant’s count rates using CaCl,
as equilibration solution for neutral (BM) and acidic (SH A, SH B, SH C) samples and
Figure 3. the same dependence for basic (JB A, JB B, JB C) ones. Figure 4. demonstrates
the time dependence of supernatant’s count rates using the SrCl,-modification of the
equilibration procedure for the neutral and acidic samples (BM, SH A, SH B and SH C)
while Figure 5. describes the analogous dependence for the basic ones (JB A, JB B and
JB C). The summarization of our experimental results and the efforts towards their critical
assessment may lead to the next generalizations:
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Figure 2. Portion of 5*Mn in the liquid phase as a function of contact time for neutral (BM A)
and acidic (SH A, SH B, SH C) soil samples applying CaCl, type of equilibration
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Figure 3. Portion of 3*Mn in the liquid phase as a function of contact time
for basic soil samples (JB A, JB B, JB C) applying CaCl, type of equilibration
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Figure 4. Portion of Mn in the liquid phase as a function of contact time for neutral (BM A)
and acidic (SH A, SH B, SH C) soil samples applying SrCl, type of equilibration
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Figure 5. Portion of 3*Mn in the liquid phase as a function of contact time
for basic soil samples (JB A, JB B, JB C) applying SrCl, type of equilibration

The quasi equilibrium state, i.e. the quasi stable isotopic composition of liquid/solid phases
of the studied suspensions was reached for different soil samples in significantly different
times. This judgement is valid for experiments accomplished with both, same sample using
different equilibration reagents (CaCl, and SrCl») and different soil samples using the same
equilibration reagent. Taking in account the equal experimental conditions (temperature,
granularity, reagent concentrations, liquid/solid phase ratio) the different contact times
required for reaching quasi equilibrium are due to different kinetic parameters of studied
isotope exchange.

The contact time required for reaching the apparent isotope exchange equilibrium was the
highest for the basic soil sample JB A applying CaCl; as equilibration solution, namely
it made up to 160 hours, whereas the time observed for the same sample applying SrCl
was as much as 100 hours. Comparing the above stated results with the ones concerning
the deeper lying horizons — JB B and JB C — we may ascertain, that applying both of the
pertinent equilibration solutions the apparent isotope exchange equilibrium was reached
virtually immediately. For the neutral soil sample (BM) the observed isotope exchange
contact time varied from ~50 hours applying CaCl; to ~100 hours applying SrCl,. Although
all of the studied horizons of the investigated acidic soil type (SH A, SH B, SH C) applying
both of the utilized equilibration solutions — in comparison with horizon A of the basic
soil type (JB A) — showed lower contact time requirement for apparent isotope exchange,
at the same time they showed significantly higher time demand in comparison with the
deeper lying horizons of the basic soil samples (JB B and JB C). However, it is worthwhile
to mention that our experimental measurements do not allow reliable quantifications of
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these data, which in general shows a higher time requirement for the CaCl, equilibration
(50-60 hours) in comparison with the SrCl, one (20-30 hours).

A widened series of obtained results applying CaCl, and SrCl, respectively are shown
in Table 3. and Table 4. The corresponding tables intend to characterize the investigated
soil samples by a specific data set chosen for preferable approximation of bioavailable
soil manganese assessment.

Assessing the response of applied equilibration reagents there is an observable increase
of extractable manganese content by all investigated samples using SrCl, in comparison
with CaCl,. Our results confirm the generally accepted experience concerning the effect
of pH on the manganese extraction, namely the fact that more acidic soils show higher
alkali earth metal extractable manganese portions. At the same time we ascertained an
inverse dependence regarding the effect of pH on the Mng/Mnota ratio. Our measurements
led by both equilibration reagents to an unambiguous decrease of the Mng/Mngoal ratio
with increasing soil acidity. Along with the above stated relation the depicted Mng/Mnotal
ratio decreases with the depth of the soil horizon as well as with the decrease of the cation
exchange capacity of particular samples.

Table 3. Partial summarization of analytical results related
to all investigated soil samples after equilibration with CaCl,

Soil JBA JBB JBC BM A SH A SH B SH C
Mng (mg-kg) 600.075.9 | 288.9+65.2 | 2289+1109 | 37x04 | 269+13 | 10.8+0.5 | 8.6+0.8
Mo (mg-kg-1) | 800.0£64.0 | 700.0+56.0 | 600.0+48.0 | 100.08.0 | 400.0£32.0 | 400.0432.0 | 300.0+24.0
MnCaCla (mg-kg) | 114208 | 2.6x0.1 1.9:0.1 32403 | 227+l 9.4+0.4 7,307
PHin0 83 8.6 89 6.8 4.6 47 48
Mng/Mnc.ci, 526276 | 1111254 | 120.5+587 | 1.2+02 1.20.1 1.120.1 1.2+0.2
Mng/Mniow (%) 750112 | 41.3x99 | 382+187 | 37:0.5 6.7x0.6 2.40.2 2.9+0.4
Mncaci,/ Mgl (%) | 1.4£0.2 0.4x3.3 0.3+3.0 32404 5705 | 235:02 | 24203
ie;i::;‘:g ;11\::6"(;?0“ 1.9+0.2 0.9x0.2 0.8+04 | 86.2+39 | 84.1x12 | 86.1+L5 | 84.8+0.51

Table 4. Partial summarization of analytical results related
to all investigated soil samples after equilibration with SrCl,

Soil JBA JBB JBC BM A SH A SHB SH C

Mg (mg-kg-") 552.3£62.9 | 425.0+1219 | 225.0+20.5 | 9.4=0.8 397+11 | 28115 | 24409
Mnw (mg-kg!) | 800.0+64.0 | 700.0£56.0 | 600.0+48.0 | 100.0+8.0 | 400.0+32.0 | 400.0£32.0 | 300.0+24.0
Mnsecr, (mg-kg™) 11.6+1.2 51+1.4 2720.1 80+0.5 | 34.6£05 | 22.8+0.8 | 20.5:07
pHin,o 83 8.6 8.9 6.8 4.6 47 4.8
Mng/Mnsci, 476573 | 833x33.1 | 83382 | 03:0. 1.120.1 1.2+0.1 1.2+0.1
Mng/Mniora (%) 69.0+9.6 | 607+18.1 | 37.5+4.5 | 94xlL1 9.9+0.8 7,007 8.120.7
Mnsec/Mnout (%) | 1.5+0.2 0.7+0.2 0.5+3.9 8.0+0.8 87407 57+0.5 6.8+0.6
Eelsiisullli?il ;i\::ep(‘;;"“ 2.1x0.1 1.220.1 1.220.1 852442 | 872+19 | 812+3.1 | 83.9+L6
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CONCLUSIONS

For assessment of biologically available soil manganese isotopically exchangeable
manganese concentrations were determined in seven soil samples representing three
characteristic Slovak soil types. Reliable estimation of bioavailable soil constituents
belong to cumbersome and scarcely accomplishable analytical problems. Nevertheless,
the relevant data are widely required not only by agronomists and paedologists but in
rising extent for needs of rapidly developing technologies belonging to phytoremediation.
Among frequently discussed and rather convenient experimental methods simultaneous
and sequential extractions belong to the most suitable ones but unfortunately no method
fulfilled the demanding expectations up to now. Our results may contribute to handle the
relevant group of problems by following summarizations:

— The quantification of Ca(Il) and Sr(II) extractable soil manganese according to
our results leads to generally negligible differences and does not allow significant
objectification of bioavailability.

— While analysing basic soil samples, we found distinguished differences (up to two
orders) between Mng values and CaCl; (SrCly) extractable Mn, the relevant differences
found by neutral and acidic soil samples are relatively low (not exceeding units of
percents).

— While the increasing carbonate content of the investigated samples led to decrease of
their Ca(IT) and Sr(II) extractable soil manganese, the effect of soil carbonate content
on the relevant E-values is less clear.

— While more acidic soils show higher alkali earth metal extractable manganese portions
(Mncaclt,/Mngotal or Mnsecl,/Mngoral) in comparison with the neutral and basic ones,
we ascertained an inverse dependence regarding the effect of pH on the Mng/Mnotal
ratio.

— The measurements confirmed a significant decrease of the Mng/Mnyotal ratio with
increasing soil acidity and its decrease with the depth of the soil horizon.

— The decrease of CEC value of investigated soil samples led to decrease of their Mng/
Mnyota) ratio.
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E-érték meghatarozasa néhdny talajtipus biolégiailag hozzaférhetd
Mn-tartalmdnak megismeréséhez

TATIANA GABLOVICOVA — GABRIELA NADASKA — JURAJ LESNY

Szt. Cirill és Metéd Egyetem
Természettudomanyi Kar
Trnava, Szlovakia

OSSZEFOGLALAS

P

A dolgozat a hagyomanyos analitikai lehetGségek kibdvitésével igyekszik a talajok biol6-
giailag hozzaférhetd mangdntartalmdnak megbizhatébb felméréséhez hozzdjarulni. A
vizsgalatok izotépcsere mddszer alkalmazdsaval torténtek. Harom szlovékiai talajtipust
képvisel, Osszesen hét talajminta keriilt vizsgalat ald. A talajokban taldlhaté mangin
extrakcigjahoz (az egyenstlyozdshoz) kalcium-kloridot, illetve stroncium-kloridot, az
izotdp cseréhez 3*Mn-nal jelolt mangan(II)kloridot alkalmaztunk. Az egyes talajtipusok,
Ugymint az egyes horizontok dltalunk meghatdrozott E-értékei, jelentds kiilonbségeket
mutattak. Mig a legmagasabb E-értékeket mindkét extrahdldszer alkalmazdasanal (CaClo
és SrClp) a bazikus Calcic Phaenozem tipust talajnal értiik el, a savanyu jellegti Haplic
Cambisol jelentGsen alacsonyabb és a semleges Haplic Arenosol elhanyagolhatéan alacsony
E-értékeket mutattak. Az egyes A-, B- és C-horizontokat képvisel6 mintdk E-értékei a
mélységgel egyértelmiien csokkentek. Az izotdposan cserélhetd mangéantartalom része (Fyn
= Mng/Mnorar) @ mélységgel valo valtozdsa hasonld fiiggést mutatott. A Calcic Phaenozem
tipusu talaj A-, B-, illetve C-horizontjaiban, kalcium-kloriddal val6 extrahélast alkalmaz-
va, 600,0 mgkg! (Fuvn = 0,75), 288,9 mg-kg! (Fuma = 0,41), illetve 228,9 mg-kg! (Fvmn =
0,38) izotéposan cserélhet6 mangant hatdroztunk meg. Az azonos mintdkban stroncium-
kloridot mint extrahdlészert alkalmazva az E-értékek csak jelentéktelen kiilonbségekhez
vezettek. A Haplic Arenosol A-horizontjat illet6 E-érték, kalcium-kloriddal valé mangan
extrakcid utdn, 3,7 mg - kg-! (Fma = 0,04) volt, mig az alternativ médon extrahaldszerrel,
stroncium-kloriddal valé mangan extrakcié utdn, ez az érték novekvést mutatott (Mng =
9,4 mg - kg'!; Fva = 0,09). A legalacsonyabb izotdposan cserélhetd mangdntartalom részt
(Fwmn) a Haplic Cambisol talajtipus A-, B-, illetve C-horizontokndl értiik el. Kalcium-kloridot
alkalmazva a kovetkez§ Mng értékeket kaptuk: A-horizonton Mng = 26,9 mg - kg! (Fya =
0,07), B-horizonton Mng = 10,8 mg-kg-! (Fyn = 0,03) és C-horizonton Mng = 8,6 mgkg-!
(Fmn = 0,03). Stroncium-kloridot alkalmazva az illet§ Mng-értékek, igymint a stronci-
ummal extrahdlhaté mangan mennyisége is megfigyelhet6 mértéki novekvést mutattak.
Kulcsszavak: mangan, E-érték, egyensiilyozds, bioldgiailag hozzaférhetd frakcid.
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SUMMARY

Trigonella foenum-graecum L. (fenugreek) plants are widely used in medicine. In vitro
cultivation of this species has the potential for a number of biotechnological applications,
such as steroid sapogenin and diosgenin production. The aim of this study was to generate
fenugreek cell cultures and optimise chemical and physical factors regulating their growth
in vitro. Leaf and stem-originated calli from “spring-summer” and “winter” fenugreek
varieties were obtained and their growth kinetics were determined and analysed. The
presence of 2,4-D, kinetin and IAA (’three hormone system”) were found to be essential
for maintaining a high rate of fenugreek callus induction. Stem explants generally provided
higher callus induction rate than leaf explants. Biomass accumulation in tested fenugreek
varieties depended on specific combination of 2,4-D, kinetin and IA A that increased with
sucrose levels and decreased under illumination. As a result, we have developed protocols
for initiation, subcultivation and long-term maintenance of fenugreek cultures, which have
a great potential for industrial production of fenugreek-based drugs.

Keywords: fenugreek, Trigonella foenum-graecum, plant cultures in vitro, callus induction,
callus growth, phytohormones, sucrose, light.

INTRODUCTION

Trigonella foenum-graecum L. (T. foenum-graecum) is a medicinal plant whose seed and
leaf extracts demonstrate pronounced antidiabetic (Phadnis et al. 2011, Jefferson 1999),
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anticarcinogenic (Shabbeer et al. 2009, Sur et al. 2001), antihypertensive (Balaraman et al.
2006), hepatoprotective (Kaviarasan et al. 2007), immunomodulating (Bilal et al. 2003)
and other therapeutic effects. Fenugreek pharmacological activity is related to a number
of alkaloids, phenolics, proteins, amino acids, mucilaginous fibres, vitamins and steroid
sapogenins (Barnes et al. 2007, Basch et al. 2003).

Diosgenin is one the most important sapogenins from 7. foenum-graecum, which is used
as a substrate for approximately 60% of steroid, hormone and cortisone syntheses in
pharmaceutical industry worldwide (Acharya et al. 2010, Randhir et al. 2004). Diosgenin
has been found to be a strong antitumor agent (Jayadev et al. 2004, Shabbeer et al. 2009).
It also showed estrogen-like action on mammary glands and can be involved in the control
of cholesterol metabolism (De and De 2011). There is considerable commercial interest
in the cultivation of fenugreek as a diosgenin-containing plant and in the increase of the
sapogenin content in this plant to minimise the cost of diosgenin-based drug production.
An alternative approach will be the development and optimisation of procedures for the cell
cultures of T. foenum-graecum, which can provide industrialists with cheap and abundant
fenugreek-derived material. Cell culture techniques are very convenient because they allow
the production of commercially valuable substances in vitro (independently of agricultural
seasons) and solve numerous problems arising from field cultivation, such as inadequate
extraction and purification. Moreover, routine optimisation of cultivation conditions for cell
culture can potentially increase the content of diosgenin in the plant material (Chawla 2002,
Endreb 1994). This additionally decreases the costs of the production of this substance.
The aim of this study was to initiate and optimise (by altering growth conditions and
concentrations of growth regulators) the fenugreek calli in order to increase its growth
rate. Leaf and stem-originated cultures from two fenugreek varieties have been obtained
and their kinetics have been determined and analysed. As a result, we have developed new
efficient protocols for initiation, subcultivation and long-term maintenance of 7. foenum-
graecum cultures, which have a great potential for industrial diosgenin production.

MATERIALS AND METHODS

T. foenum-graecum seeds of tax. conc. “winter” cultivar (c. v. variety): PSZ.G.SZ and
tax. conc. ’spring-summer”’ cultivar (c. variety): Ovari 4, were from our own collection
(Professor Sandor Makai). "Winter” and “spring-summer” fenugreek varieties were
aseptically cultivated over 4-5 weeks. Leaf and stem fragments were excised from these
plants and cultivated in medium with phytohormones to initiate callus formation (Jha and
Ghosh 2005, Chawla 2002). The sterile growth medium contained full strength Murashige
and Skoog medium (MS) (Muragise and Skoog 1968), 3% sucrose and 0.08% microbiology
grade agar (pH 5.7-5.8 adjusted with NaOH/HCI) (Mineo 1990, Jha and Ghosh 2005).
Cultivation of the explants and calli were carried out in the dark at 24.5 °C.

Phytohormones auxins and cytokinins are essential for initiation and maintenance of calli
growth (Endreb 1994, Misawa 1994). However optimal auxin and cytokinin concentrations
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are different for different plant species. The optimal ratio of these hormones should
be determined empirically (Bhojwani and Razdan 1996). Here, the effect of hormonal
treatments on callusogenesis was tested using leaf explants of “’spring-summer” 7. foenum-
graecum variety. Cytokinin kinetin and auxin 2,4-dichlorophenoxyacetic acid (2,4-D)
were applied in four combinations: 1 mg I-! 2,4-D and kinetin, 1 mg I-! 2,4-D and 2 mg
I-! kinetin, 2 mg I-! 2,4-D and 1 mg I-! kinetin, 2 mg 1-! 2,4-D and kinetin.

To examine the efficacy of callus induction, the number of explants with callus formation
per total number of explants planted was measured. Specific growth rate (SGR, g day-!)
and biomass doubling time (BDT, days) were determined using values of thefresh weight of
callus measured on the first and last day of cultivation in the fresh medium (sub-cultivation
period was 30-35 days) (Godoy-Herndndez and Vdzquez-Flota 2006, Mustafa et al. 2011).
In all experiments, 3—4 independent replicates were tested and statistically analysed
(Student’s ¢ test). P-values less than 0.05 were considered to be statistically significant.

RESULTS AND DISCUSSION

The initial tests were carried out with ’spring-summer leaf” variety. This allowed usto
find out the initial growth conditions to start the optimisation process. Tests included an
examination of the effect of phytohormones (different concentrations of 2,4-D and kinetin)
and the addition of IAA (2 mg 1-!) to media (on top of 2,4-D and kinetin) (Table 1.). It has
been found that all the concentrations of 2,4-D and kinetin stimulated the formation of
calli (Figure 1.), with IA A inducing significant (up to 37+3%) increase in the probability of
callus generation. Calli that have been cultivated in the presence of IAA (’three hormone
system”: 2,4-D/kinetin/IA A) demonstrated a soft friable texture in contrast to calli obtained
in the presence of 2,4-D/kinetin-containing media (which had a very hard, dense structures).

Figure 1. Callus formation from “’spring-summer leat”
explants of T. foenum-graecum
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Table 1. Effect of 2 mg 1-! TAA on the efficacy of callus formation
from ”spring-summer leaf” explants of 7. foenum-graecum

Efficacy of callus formation (%)
2 mg -1 TAA Variant of medium
1 2 3 4
- 76.2+4.5 57.4+3.2 73.0+6.3 63.7£7.4
+ 94.0+3.1 91.3+5.2 94.7+2.7 87.3+2.9

Values are means + standard errors
1-1mgl'24-D+ 1 mgl-!kinetin; 2 -2 mg 1! 2,4-D + 1 mg I-! kinetin;
3-1mgl!24-D+2mgl-!kinetin; 4 — 2 mg 1-! 2,4-D + 2 mg I-! kinetin

The observed “softening” of callus can be very important for the potential initiation of
suspension cultures, which can only be obtained from calli with friable (loose) textures
(Chawla 2002). Thus, this result of our study potentially has a significant biotechnological
output (it can be used for developing techniques for the generation of suspension cultures).
The optimal conditions (’three hormone system’), that were obtained for the “spring-
summer leaf” variety have been applied to other explants (”spring-summer stem”, ”winter
leaf” and “’winter stem”, respectively). Successful callus generation has also been found for
these explants. All the hormone combinations induced calli (Table 2.). Comparison of the
growth of different calli (four types: “spring-summer leaf”, ’spring-summer stem”,
leaf” and "winter stem”) showed that the probability of callus generation is significantly
higher in the case of stem calli (98—100%). Stem calli showed a light yellow colour and
“loose” texture, while calli derived from leaf explants demonstrated a brown colour and

more dense texture.

winter

Table 2. Effect of different combinations of 2,4-D and kinetin in the medium
on the efficacy of T. foenum-graecum callus formation (%)

Variant Efficacy of callus formation (%)
of medium “winter leaf” ”winter stem” ”’spring-summer leaf” ’spring-summer stem”
1 90.3+5.8 98.3+1.8 94.0£3.1 97.7+2.3
2 94.7+2.7 100.0+0.0 91.3+£5.2 97.7+3.3
3 88.3+2.7 97.7+2.3 94.7£2.1 100.0+0.0
4 91.0+2.0 100.0+0.0 87.3+2.9 98.0+2.0

Values are means + standard errors
1-1mgl'24-D+ 1 mgl-!kinetin; 2 —2 mg I-! 2,4-D + 1 mg I-! kinetin;
3-1mgl!24-D+2mgl!kinetin; 4 —2 mg 1-! 2,4-D + 2 mg I-! kinetin

Although the initial induction of calli showed a similar probability at different hormone
combinations (in the ’three hormone system” and with all explants), the callus growth and
biomass accumulation (measured after induction) varied in calli from different origins and
different hormone mixtures. Calli of ”spring-summer leaf”, ’spring-summer stem”, ”winter
leaf” and ’winter stem” varieties demonstrated the most pronounced biomass increase in
media containing 2 mg 1-! 2.4-D and kinetin, 1 mg 1-! 2,4-D and kinetin, 1 mg I-! 2,4-D
and 2 mg I-! kinetin, 2 mg 1! 2,4-D and kinetin, respectively (Table 3.).
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Table 3. Effect of different combinations of 2,4-D and kinetin
in the medium on the growth of 7. foenum-graecum calli

“winter leaf” “winter stem” ”’spring-summer leaf”” | ”’spring-summer stem”
SGR BDT SGR BDT SGR BDT SGR BDT
g day! days g day™! days g day! days g day! days
0.039+0.003 | 18.61%1.32 |0.025+0.002 | 27.74x1.51 [0.043+0.005 | 18.92+2.47 | 0.045+0.003 | 15.90+1.21
0.029+0.003 | 24.84+2.51(0.029+0.002 | 24.24+1.64 | 0.043+£0.009 | 22.81+£2.98 | 0.018+0.001 | 39.64+2.54
0.066+0.005| 11.21+0.84 [ 0.037+0.004 | 21.11+2.30 | 0.055+0.006 | 14.08+1.30 | 0.014+0.002 | 52.37+6.26
0.032+0.002 | 21.93%1.24 |0.060+0.007 | 13.04+0.94 |0.062+0.007 | 11.69%1.16 |0.022+0.004 | 36.80+6.67

Variant
of medium

BN =

Values are means + standard errors
1-1mgl'24-D + 1 mgI-! kinetin; 2 — 2 mg I-! 2,4-D + 1 mg I-! kinetin;
3 -1 mgl!24-D+2mg I kinetin; 4 — 2 mg 1! 2,4-D + 2 mg I-! kinetin

The minimal and maximal biomass doubling time was found for “winter leaf” (11.21 days)
and spring-summer stem” (15.9 days).

The next stage of our work was to examine the effect of carbohydrates on the growth rate of
calli ("carbohydrate optimisation stage”). Sucrose is a key component of most commercial
growth media that are used for the cultivation of isolated plant cells and tissues (Chawla
2002, Bhojwani and Razdan 1996). Here, the effects of several sucrose concentrations
(2, 3, 4 and 5% sucrose) were examined in media that were preliminary optimized for
hormone combination (see above; Table 3.). 4% sucrose was found to be optimal for
cultivation in all calli (Table 4.). In some cases, the addition of 5% sucrose resulted in a
similar or lower rate of biomass increase that was probably related to osmotic stress caused
by this sucrose level (Huang and Liu 2002, Farrukh and Sumaira 2008). Overall, media
supplied with 4 and 5% sucrose promoted 1.5-2.4-fold increase in growth rate of calli
as compared to 2 and 3% sucrose-supplemented media. According to published data, the
stimulatory effect of sucrose on plant cell culture growth is associated with the increased
availability of highly energetic” organic substrate that can be directly used for anabolic
reactions (Mathes et al. 1973). Sucrose has also been shown to increase the duration of the
stationary phase of growth cycle, auxin production and enzyme activities of the pentose
phosphate pathway (Endreb 1994).

Table 4. Effect of sucrose content in the medium on thegrowth of 7. foenum-graecum calli

Sucrose “winter leaf” “winter stem” ”’spring-summer leaf” | “spring-summer stem”
content SGR BDT SGR BDT SGR BDT SGR BDT
(%) g day-! days g day-! days g day-! days g day-! days

2 0.061+0.007 | 12.03+0.64 | 0.053+0.007 | 14.21+0.85 | 0.063x0.008 | 12.02+1.34 | 0.032+0.005 | 22.89+1.35
3 0.066+0.005 | 11.21+0.84 | 0.060+0.007 | 13.04+0.94 | 0.062+0.007 | 11.69+1.16 | 0.045+0.003 | 15.90+1.21
4 0.141+0.022 | 5.11+0.73 | 0.144+0.013 | 4.96+0.46 | 0.146+0.027 | 5.05+0.87 | 0.070+0.005 | 9.96+0.66
5 0.098+0.009 | 7.08+0.68 | 0.085x0.006| 8.17+0.61 | 0.051+0.006 | 13.83x1.67 | 0.070+0.006 | 9.85+0.75

Values are means + standard errors

Transferring calli to light, can have stimulatory or inhibitory effects on growth (Anasori
and Asghari 2008, George et al. 2008, Lavee and Messer 1969). Growth of stem callus of
the “spring-summer” fenugreek variety does not show significant changes after transferring
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to light (14 h light/10 h dark; 3000 lux), while the growth of “’spring-summer leaf”, ”winter
leaf” and ”winter stem” calli decreased by 57%, 50% and 58%, respectively (Table 5.). The
decrease of the growth rate under illumination could be related to light-induced changes in
plant cell metabolism. It can be explained by the fact that light affects metabolic processes
in plant cells, such as the formation of plastid ultrastructure, synthesis of chlorophyll, plastid
membrane constituents and Calvin cycle enzymes (Kasemir 1979). Another mechanism is
the activation of thephytochrome signalling pathway, which can modify the mitotic activity
and cell development in calli (Davidson and Yeoman 1974). Therefore cultivation media
for calli with light-induced changes in metabolic state, might require an “optimisation
step” for cultures growing in the presence of light.

Table 5. Effect of light on the growth of T. foenum-graecum calli

Light ”winter leaf” ”winter stem” ”’spring-summer leaf”” | spring-summer stem”
conditions | gGR BDT SGR BDT SGR BDT SGR BDT
g day! days g day! days g day-! days g day-! days

dark 0.141+0.022 | 5.11x0.73 | 0.144+0.013 | 4.96+0.46 | 0.146x0.027 | 5.05+0.87 | 0.070+0.005 | 9.96+0.66
light 0.070+0.007 | 10.66+0.88 | 0.061+0.005 | 12.35+1.13 | 0.063+0.007 | 11.84+1.13 | 0.075+0.017 | 9.74+0.53

Values are means + standard errors

The following conclusions can be drawn from the present study:

1. The presence of 2,4-D, kinetin and IAA (’three hormone system”) is required for the
maximal rate of T. foenum-graecum callus induction.

2.Stem explants provided a higher callus induction rate than leaf explants.

3. Biomass accumulation in both stem and leaf-derived calli from “spring-summer” and
“winter” varieties depended on the specific combination of 2,4-D, kinetin and IAA
(optimal combination has been found for each variety), increased in media with higher
sucrose levels (4—5%) and decreased under illumination.
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A kolonbozo gorogszénafajtak (Trigonella foenum-graecum L.)
levelének és szaranak sejtindukcios vizsgalata

HANNA O. LOHVINA! - MAKAI SANDOR? - TATYANA 1. DITCHENKO! —
VLADIMIR N. RESHETNIKOV? — ELENA V. SPIRIDOVICH3 - VLADIMIR M. YURIN!

1 Fehéroroszorszagi Allami Egyetem
Minszk, Fehéroroszorszag
2 Nyugat-magyarorszdgi Egyetem
Mezbgazdasag- és Elelmiszertudomanyi Kar
Mosonmagyarévar

3 Fehéroroszorszdgi Tudomdnyos Akadémia
Kozponti Botanikus kert
Minszk, Fehéroroszorszag

OSSZEFOGLALAS

A gorogszéna (Trigonella foenum-graecum L.) a gydgyaszatban széles korben haszndlt
gyégynovény. A novény in vitro tenyésztésének vizsgalata szamos biotechnoldgiai alkal-
mazasra ad lehet8séget, igy mind szteroid sapogenin-, diosgeningyartas. A tanulmany célja
gorogszéna sejtkultirik eldallitasa, valamint kémiai és fizikai jellemzGk optimalizaldsa a
kémcsovekben valé ndvekedés céljabol. Levelekbdl, szarakbdl szdrmazd sejtek ,tavaszi”
valamint ,,téli” fajtakbol szdrmaznak és ezek novekedési kinetikdja keriilt meghatarozasra
és elemzésre. A 2,4-D és kinetin IAA (,,hdrmas hormonrendszer”) jelenlétét allapitottak
meg, amely nélkiilozhetetlen a gérogszéna kalluszindukcié magas ardnyanak fenntartasdhoz.
A szarkivonatok altaldban magasabb kalluszindukcié ardnyt biztositottak, mint a levél-
kivonatok. A tesztelt fajtadkban a biomassza-felhalmoz6das 2,4-D, kinetin és IA A kiilonb6z6
kombindcidi fiiggvényében tortént, szacharézszint novekedése, valamint megvilagitas
csokkenése mellett. Ennek eredményeként, az dltalunk kifejlesztett médszerek alkalma-
sak mdsodlagos tenyészet 1étrehozasara és gorogszénakultirak hosszud tavi fenntartdsara,
amelyek nagy lehetGségeket rejtenek a gordgszéna-alapu gydgyszerek ipari termelésében.
Kulcsszavak: gorogszéna, Trigonella foenum-graecum, in vitro névényi kultirak, kallusz-
indukcid, kallusznovekedés, fitohormonok, szacharéz, fény.
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Narancslé mikrohulldimi hékezelése

KAPCSANDI VIKTORIA — LAKATOS ERIKA —
FABRI ZSOFIA NORA —- NEMENYI MIKLOS

Nyugat-magyarorszagi Egyetem
Mez6gazdaség- és Elelmiszertudomanyi Kar
Mosonmagyarévar

OSSZEFOGLALAS

Kutatdsi célunk a narancslében el6forduld éleszts- €s penészgombak szamanak csokkentése
volt alacsony teljesitményd mikrohulldmu besugarzas révén. A mikrohullamu kezelések
soran 440 W-os, 600 W-os és 900 W-os kimend teljesitményt alkalmaztunk. A mintdkat a
gyiimolcslevek pillanatpaszt6rozése soran alkalmazott h6fokig, 85 °C-ig melegitettiik fel.
Kontrollként kezeletlen narancslevet, valamint f6z8lapon 85 °C-ig melegitett narancslé-
mintat vizsgaltunk. A kezelések utdn a mintdk élesztG- és penészgomba szamat feliileti
szélesztéses modszerrel hatdroztuk meg, YGC taptalajon. Konduktiv hdkezelés alkalma-
zasakor megkozelitSleg egy nagysagrenddel tudtuk lecsdkkenteni a kiinduldsi telepszdmot.
Ennél a kezelésnél a narancslé 4tlagosan 9 perc 35 masodperc alatt érte el a 85 °C-ot. A
440 W-o0s mikrohulldmu kezelés sordn a felmelegedési id6 4tlagosan 8 perc 30 masodperc
volt. A kiindulasi telepszamok ebben az esetben is jelentés mértékben csokkentek mind a
kontroll (2 nagysagrend), mind a f6z6lapos (1 nagysagrend) értékekhez képest. A 440 W-os
kezeléshez képest nem kovetkezett be jelentds telepszamcsokkenés a 600 W-os (4dtlagosan
5 perc 41 masodperc felmelegedési id6) és a 900 W-os (atlagosan 4 perc 46 masodperc
felmelegedési idG) kezelés hatdsara. A mérések sordn a mikrohulldm mikrobapusztité ha-
tasdnak vizsgilata mellett egy energiatakarékos, gyors, ugyanakkor a jelenlegi h6kezelési
folyamatok hatékonysdgaval megegyez6 mddszer kidolgozasat tliztiik ki célul.

Kulcsszavak: mikrohullamu besugarzas, narancslé, éleszté.

BEVEZETES ES IRODALMI ATTEKINTES

Napjainkban a vasarlok mar nemcsak olyan termékeket keresnek, amelyek hosszu szava-
tossdgi id6vel rendelkeznek, hanem egyre fontosabb szemponttd valik a mindség is. Az
élelmiszer-ipari véllalatok olyan technoldgidk kifejlesztésén dolgoznak, melyek nem tul
agresszivek €s a kezelések utdn is friss, taplalo és egészséges marad az élelmiszer (Rivas
et al. 2006).
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A narancs hosszu idSk 6ta egyike a vildgon legnagyobb mennyiségben megtermelt gyii-
molcsoknek, leve az egyik legkeresettebb gyiimolcslé a fogyasztok korében (FAO 2000).
A narancsleveknek jelent§s az antioxiddns-, a vitamin- és egyéb funkciondlis dsszetevé-
tartalmuk (Stern 1998). Mindemellett karotinoidokat is kimutattak a citrusfélék héjabol
és husabdl, bar a kiilonbozd struktirdk nem egyenletesen oszlanak el a gyiimdlcsben
(Pascual et al. 1993, Melendez-Martinez et al. 1999).

Nagy problémat jelent azonban, hogy a nyersen fogyasztott zoldségekkel és gyiimolcsokkel
kozvetitett megbetegedések szama vildgszerte jelentds mértékben megnovekedett az elmult
évtizedekben. A novényi nyersanyagok elsddleges mikrobiotdja elsGsorban a talajbél,
vizbdl, leveg6bdl, csapadékbol, rovaroktol és dllatoktdl szarmazik. A gylimolesokon atla-
gosan 103-105 tke/g nagysdgrendben taldlunk mikroorganizmusokat. A baktériumok koziil
csak tejsav- €s az ecetsavbaktériumok jelentsek. A mikorbiota tobbségét éleszt6gombak
alkotjak (Hanseiaspora, Torulaspora, Saccharomyces, Candida). A penészgombak kozott
a gylimolcsok kdrokozai és romldst okozdi az Alternaria, Aspergillus, Botrytis, Fusarium
fajok (Dedk 2006).

A paszt6rozés mivelete nagyon fontos a citrusfélék stabilitdsanak megdrzése érdekében mind
a szallitds, mind pedig az értékesités idején (Borenstein és Bunnell 1966). Hagyoményos
pasztérozés soran a 4,5 pH-ju, illetve e pH-érték alatti gytimolcsleveket 60 °C és 100 °C
kozott hékezelik 30 perc és 1-2 masodperc kozotti idStartamig, az adott hémérséklettdl
fiiggden (Jay 1992, Chen et al. 1993). Altalanos gyakorlat szerint a leveket a lehet legro-
videbb idStartamon beliil felmelegitik 82—85 °C-ra, ezutan forrén, aszeptikus koriilmények
kozott letoltik ket és megtorténik a zaras (Varma és Kannan 2005).

A mikrohulldm melegit6 hatdsa kozel 50 év 6ta ismert, elény0s tulajdonsdgainak ellenére
mégsem terjedt el az élelmiszeriparban. Ennek oka, hogy a berendezések koltségesek, és nem
all rendelkezésre elég adat a kiilonboz6 frekvencidk hatdsair6l, az inhomogén elektromos
er6térr6l vagy akdr az élelmiszerek dielektromos jellemzGirdl (Géczi és Sembery 2005).
Ismeretes, hogy az elektromdgneses tér energidja felhasznalhat6 fizikai-kémiai és bioldgiai
folyamatok befolydsoldsara. A folyamat attdl fligg, hogy milyen viszonyban van az elektro-
magneses tér energiakvantuma azzal az anyagmennyiséggel, amely képes valtozdst vagy
karosodast okozni a kezelt bioldgiailag aktiv objektumban a kiilonb6z6 termikus miiveletek
(sterilizdlas, sejtbontds, f6z¢&s, tartdsitds, fermentdlds, enzim-atalakitds) soran (Szabdé 1990).
A mikrohulldmi sugédrzds alkalmazdsa sordn a mikroorganizmusok és enzimek inakti-
valasat lehet elvégezni olyan hdmérsékleten, ami az inaktivalasi h6mérséklet alatt van
(Culkin és Fung 1975, Khalil és Villota 1988). Tajchakavit et al. (1998) a narancslében 1év4
Saccharomyces cerevisiae és Lactobacillus plantarum, Koutchma és Ramaswamy (2000)
pedig az Esherichia coli élettevékenységét inaktivaltak 50 °C-os mikrohullamu kezelés soran.
A mikrohulldmmal torténé anyagkezelés alapvets jellegzetessége, hogy a hagyoményos
hékozléstdl eltérd hé- és anyagtranszport-folyamatok jatszodnak le a termék teljes tér-
fogatdban. Ennek kovetkeztében az alkalmazott miveletek ideje lecsokkenhet (Singh
és Heldman 2001). Mindezen ismeretek birtokdban arra kerestiik a valaszt, hogy a kis
teljesitményd mikrohulldmu besugarzds mennyire csokkenti a penész- és éleszt6gombak
szamat a narancslémintakban a kontroll (nem hdkezelt) és a konduktiv dton hékezelt
mintdkhoz képest.
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ANYAG ES MODSZER

Az YGC téptalaj Osszedllitdsdndl élesztSkivonatot (5,0 g/1), gliikézt (20,0 g/1), kloram-
fenikolt (100 mg/1), agar-agart (14,8 g) és desztillalt vizet hasznaltunk. A Petri-csészékbe
15 cm3 keriilt a taptalajbdl. A taptalajok megszilarduldsa utdn a Petri-csészék 24 6rara 37 ©C-os
termosztatba keriiltek, majd ezt kvetGen még 12 érat szobahémérsékleten alltak. Miutan
a lemezek készen voltak, elkezd6dott a narancslé elGkészitése és hGkezelése.

A mérésekhez kereskedelmi forgalomban kaphatd, Lane-late fajtdjd, spanyolorszagi na-
rancsbol frissen narancslevet készitettiink. A préselés soran a teljes gytimolcsot felhasz-
naltuk. A kifacsart narancslevet 6t egyenld részre osztottuk. A friss narancslé képezte
a kontrollmintat. Emellett kozvetlen a préselés utan elektromos f6z6lapon (konduktiv
tton) 85 °C-ig melegitettiink 200 g narancslevet. A minta kiinduldsi hémérséklete 16 °C,
a felmelegités sebessége 8,4 °C/perc volt. A mikrohulldmi kezeléseket FISO MWS-4
szaloptikdval kiegészitett Panasonic NNF 653WF tipust inverter (folyamatos teljesitmény
leadésra képes) mikrohullamu egységben végeztiik. A kezelés paramétereit a mikrohullamu
kezel6térrel 6sszekotott szamitdgép révén allitottuk be, igy egyéni kezelési programokat
hoztunk létre. A mikrohulldmii kezelést 440 W-os, 600 W-os majd 900 W-os magnetron
teljesitmények alkalmazasa mellett hajtottuk végre.

A narancsleveket a paszt6rozés dltaldnos héfokprogramja szerint 85 °C-ig melegitettiik
héntartasi id6 nélkiil. A hékezelés sordn a mintdk h6mérsékletét a szaloptikds h6mérd
segitségével kovettiink nyomon. Az optika a Fabry-Perot elven mtkodik (Datta et al.
2001). A mikrohulldmud mérési sorozatokban vizcsapddkkal egészitettiik ki a berendezést.
A kezel6térbe onmagédban behelyezett mintdk egyenlStlen felmelegedése miatt (mivel
nem tudtunk homogén hémérséklet-eloszlast kialakitani az anyagban) vizcsapdak alkal-
mazdasaval kivantuk a teret homogenizalni. Villamiel et al. (1996) véleménye szerint a
mikrohulldmu tér homogenizalhat6 vizcsapdak felhaszndldsdval, az irodalomban azonban
ennek konkrét kidolgozasat Lakatos et al. (2005) fogalmazta meg.

Az anyagban disszipalt teljesitmény 440 W magnetron teljesitmény alkalmazésa esetén,
508 masodperces dtlagos kezelési id6t figyelembe véve 0,37 W/g. A kezelés sordn a viz-
csapdak a kibocsatott teljesitmény 83%-at elnyelik (Lakatos et al. 2010).

Dedk (1998) szerint a feliileti szélesztéses mddszer alkalmasabb az élesztSk kitenyésztésé-
re, mert a lemezontés a hGsokk €s a korldtozott oxigénellatds miatt kisebb telepszamokat
eredményez. Ez alapjan a h6kezelések utdn a kontroll és a kezelt mintakbdl harom parhuza-
mos leoltds harom ismétlésével feliileti sz€élesztést végeztiink. A leoltott YGC taptalajokat
ezutan 37 °C-on 48 6ran 4t inkubaltuk, majd elvégeztiik a kiértékelést. Az eredmények
statisztikai értékelése sordn t-prébat végeztiink, amelynek sordn 95%-os szignifikancia
szint alkalmazasa mellett vizsgéltuk az osszefliggéseket.

EREDMENYEK ES KOVETKEZTETESEK

A hdkezeléseknél folyamatosan nyomon kovettiik a mintdk hdmérséklet-valtozasat. Az élesztSk
55 oC-nél nagyobb hdmérsékleten néhany perc alatt elpusztulnak, vagyis hétirésiik a vegetativ
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baktériumokéhoz képest kisebb. Tizedelddési idejiik (D-érték) 55 °C-on mintegy 1-5 perc, 60
°C-on mdr kevesebb, mint 0,1 perc (Dedk 1998.) A penészgombak hétlirése a mezofil baktéri-
umokéhoz hasonld. Héttirésiiket 60 °C-on 1 perc koriili D-érték jellemzi (Dedk 2006). Ezért
fontos tényez6 a mintdk felmelegedési ideje (1. tdbldzat), melybdl latszik, hogy az sszes keze-
1ésnél a mintak elég idét toltottek 60 °C folott ahhoz, hogy jelentSs pusztulds kovetkezzen be.

1. tdbldzat A f6z6lapon €s a mikrohullimmal kezelt mintdk
atlagos felmelegedési ideje 85 °C-ra
Table 1. Hot plate and microwave average warm-up time
of treated samples to 85 °C

1d6 Felmelegités sebessége
(min) (1) (©C/min) (2)
Féz6lap (3) 9:46* 8,4%
440 W (4) 8:30* 8,2%
600 W (5) 5:41% 4,9%
900 W (6) 4:46* 4,1%

(1) time (min), (2) warming rate (°C/min), (3) hot plate, (4) 440 W sample, (5) 600 W sample,
(6) 900 W sample, (*) average of three parallel measurements

e

A kontroll és a f6z6lapos (konduktiv dton kezelt) minta tenyésztési eredményei a 2. tdb-
ldzatban lathatok. A f6zG8lapos mintdndl a telepszamok megkozelitSleg 1 nagysdgrendet
csokkentek, feltehetSen a 85 °C-ra val6 felmelegités hatdsara, mely elegendd volt a jelentSs
mértékd mikrobapusztuldshoz.

2. tdbldzat A telepszamok atlagos értékei a kontroll, a f6z6lapos
a 440 W-os, a 600 W-os és a 900 W-os mintakban

Table 2. The average CFU in control, hot plate, 440 W, 600 W and 900 W samples

Mintak (1) (Tke/cm3) (7)
Kontroll (2) 248,2+22,3%*
Féz6lap (3) 202,0+32, 1%
440 W (4) 8,5+4,0*
600 W (5) 2,0+£1,3*
900 W (6) 1,6+0,8*

(1) samples, (2) control sample, (3) conductive sample, (4) 440 W sample, (5)
600 W sample, (6) 900 W sample, (7) CFU/ml, (¥) 3 parallel measurements
mean and standard deviation

A 2. tabldzatban lathatd, hogy a 440 W-os mikrohulldmu kezelés hatdsdra a telepszdm
mindhdrom minta esetében megkozelitdleg 1 nagysdgrenddel csokkent a konduktiv ke-
zeléshez viszonyitva. Ez egyértelmiien bizonyitja a mikrohulldm (nem termikus) pusztité
hatdsat a konduktiv h6kezeléssel szemben, ugyanis a hGkezelések soran a narancslémintdkat
minden esetben 85 °C-ig melegitettiik fel hdntartdsi id6 nélkiil. Az eredmények statisztikai
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értékelése sordn (t-préba) 95%-os szignifikanciaszinten tudtunk igazolni kiilonbséget a
mikrohulldimmal (440 W) és a f6z6lapon melegitett mintdk telepszamai kozott.

A 2. tabldzat mutatja, hogy a 600 W-os és a 900 W-os teljesitményti kezelés nem csok-
kentette drasztikusan a telepszdmokat a 440 W-os teljesitmény( kezeléshez viszonyitva.
Egyértelmien latszik, hogy mar a kisebb teljesitményi kezelés is elegend§ volt a telepszdm
olyan mértékil csokkentéséhez, amihez képest a nagyobb teljesitményi kezelés nem oko-
zott tovébbi jelentGs pusztuldst. FeltételezhetGen azonban sziikségesek tovabbi mérések a

kapott eredmények korrektebb interpretdldsdhoz.

Microwave heat treatment of orange juice

VIKTORIA KAPCSANDI — ERIKA LAKATOS — NORA ZSOFIA FABRI - MIKLOS NEMENYI

University of West Hungary
Faculty of Agricultural and Food Sciences
Mosonmagyarévar

SUMMARY

The aim of the experiments was to reduce the yeast and mold counts in orange juice
through a low-power microwave radiation. During the treatments three different outputs
(440 W, 600 W, and 900 W) were applied. The samples were heated to 85 °C because this
temperature is widely used is pasteurization processes. Untreated orange juice was used
as control. Furthermore, orange juice samples heated up to 85 °C by hot plate were also
examined. Following the treatments, yeast and mold counts were enumerated in the samples
using YGC agar. Based on our results, conductive heating resulted in reducing the viable
counts of yeast and molds by approximately 1 log cycle. In this case the orange juice was
heated up to 85 °C. In this treatment the orange juice achieved the required temperature
value in 9 min 35 sec, on average. A significant change was observed in colony counts
when 440 W was applied. In this case the heat treatment was carried out without holding
time and the average warming up time was 8 min 30 sec. The results demonstrated that
yeast and mold counts decreased considerably compared to the control and conductive
methods. No significant decrease was observed in colony counts in the case of the 440
W-treatment compared to the 600 and 900 W-treatments. In conclusion, next to the
microwave devastating impact analysis one energy-saving rapid method was developed,
which is as effective as the conventional heat treatment procedures.

Keywords: microwave radiation, orange juice, yeast.

KOSZONETNYILVANITAS

A kutatds a Talentum — Hallgat6i tehetséggondozas feltételrendszerének fejlesztése a Nyugat-
magyarorszagi Egyetemen c. TAMOP-4.2.2/B-10/1-2010-0018 szdmu projekt keretében, az
Eurépai Unid tdmogatdséaval, az Eurépai Szocidlis Alap tarsfinanszirozasdval valdsult meg.



44 Kapcsandi V. — Lakatos E. — Fébri Zs. N. — Neményi M.:

IRODALOMJEGYZEK

Borenstein, B. — Bunnell, R. H. (1966): Carotenoids: properties, occurrence and utilization in foods.
Advances in Food Research. 15, 195-276.

Chen, C. S. —Shaw, P. E. - Parish, M. E. (1993): Orange and tangerine juices. In S. Nagy — C.S. Chen -
P.E. Shaw (Eds.), Fruit Juice Processing Technology. Agscience, Auburndale.

Culkin, K. A. — Fung, D. Y. C. (1975): Destruction of Escherichia coli and Salmonella typhimurium in
microwave-cooked soups. Journal of Milk and Food Technology. 38, (1), 8-15.

Datta, A. K. — Anantheswaran, R. C. (2001): Handbook of Microwave Technology for Food Applications.
Marcel Dekker, New York.

Dedk T. (1998): Elesztégombak. Mezégazdasig Szaktudés Kiad6, Budapest.

Dedk T. (2006): Elelmiszer-mikrobiolégia. Mezégazda Kiadé, Budapest.

FAO (2000): FAO Yearbook: Production. FAO Statistics Series, No. 123, FAO, Rome.

Géczi G. — Sembery P. (2005): Mikrohulldm az élelmiszeriparban. Aram és Technolégia. 3, 19-21.

Jay, J. M. (1992): Modern Food Microbiology (4th ed.). Van Nostrand Reinhold, New York.

Khalil, H. — Villota, R. (1988): Comparative study on injury and recovery of Staphylococcus aureus using
microwaves and conventional heating. Journal of Food Protection. 51, (3), 181-186.

Koutchma, T. — Ramaswamy, H. S. (2000): Combined effects of microwave heating and hydrogen peroxide
on the destruction of Escherichia coli. Lebensmittel-Wissenschaft und -Technologie. 33, (1), 30-36.

Lakatos E. — Kovdcs A. J. — Neményi M. (2005): Homogeneous microwave field creation. Hungarian
Agricultural Engineering. 18, 80—81.

Lakatos E. — Kovdcs A. J. — Neményi M. (2010): Milk fat content determination by combined physical
(microwave and convective dehydration) method. Milchwissenschaft. 65, (4), 373-376.
Melendez-Martinez, A. J. — Britton, G. — Vicario, 1. M. — Olson, J. A. (1999): Carotenoids and human

health. Archivos Latinoamericanos de Nutricién. 49, 7-11.

Pascual, M. — Mallent, D. — Curiat, P. (1993): Estudio de los carotenoides de naranjas cv. Navelina.
Revista Espaiiola de Ciencia y Tecnologia de Alimentos. 33, (2), 179-196.

Rivas, A. — Rodrigo, D. — Martinez, A. — Barbosa-Cdnovas, G. V. — Rodrigo, M. (2006): Effect of PEF
and heat pasteurization on the physical-chemical characteristics of blended orange and carrot
juice. LWT 39, (10), 1163-1170.

Singh, R. P. — Heldman, D. R. (2001): Introduction to Food Engineering. Academic Press, London.

Stern, P. (1998): Fruit and vegetable beverages with added ingredients. Fliissiges Obst. 65, (3), 126—130.

Szabo G. (1990): Gyorsfagyasztott élelmiszerek mikrohulldmi felengedtetése iiregrezonatoros térben.
Hiitéipar. 1, 14-20.

Tajchakavit, S. — Ramaswamy, H. S. — Fustier, P. (1998): Enhanced destruction of spoilage microorganisms
in apple juice during continuous flow microwave heating. Food Research International. 31, (10),
713-722.

Varma, M. N. — Kannan, A. (2005): Enhanced food sterilization through inclination of the container walls
and geometry modifications. International Journal of Heat and Mass Transfer. 48, (18), 3753-3762.

Villamiel, M. — Corzo, N. — Martinez-Castro, I. — Olano, A. (1996): Chemical changes during microwave
treatment of milk. Food Chemistry. 56, (4), 385-388.

A szerz0k levélcime — Address of the authors:

KAPCSANDI Viktéria —- LAKATOS Erika — FABRI Zséfia Néra —- NEMENYI Mikl6s
Nyugat-magyarorszagi Egyetem
Mez3gazdaség- és Elelmiszertudomanyi Kar
H-9200 Mosonmagyarévar, Var 2.
E-mail: kapocs@mtk.nyme.hu
lakatose@mtk.nyme.hu
fabri@mtk.nyme.hu
nemenyim@mtk.nyme.hu



Acta Acronomica OVARIENSIS VoL. 54. No. 2.
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OSSZEFOGLALAS

A szerzSk célja a tégy-, illetve t6gybimbd-tulajdonsagok és a szomatikus sejtszam kozotti
Osszefiiggések vizsgdlata volt. Vizsgdlataikat 30, azonos laktdciészdmu és -szakaszui
magyar parlagi kecskével végezték egy Valké kozelében 1évS drutermeld kecsketenyé-
szetben. A t6gy f6bb morfolégiai jellemzGinek (mélység, fliggesztés, eliils6 és hatulsé
illesztés) és a t6gybimbo-tulajdonsdgoknak (hossz, vastagsag és dllds) szamszerisitésére
9 pontos biralati rendszert hasznaltak a laktacié els6 harmadédban (dtlagosan a 80. napon),
az esti fejés elott. A tégybimbokat formdjuk alapjan harom tipusba soroltdk: hengeres,
atmeneti és tolcséres. A kecsketej szomatikus sejtsziméanak meghatdrozasa céljabol a tej-
mintdk gyjtése a morfoldgiai vizsgdlatokkal egyidSben tortént. A szerzdk tobbtényezds
regresszidanalizissel értékelték a vizsgalt tégytulajdonsdgok hatdsat a kecsketej szomatikus
sejtszamara. A szomatikus sejtszdm nagysdganak 59—62%-a volt magyarazhat6 a vizsgalt
tégytulajdonsdgok kolcsonhatdsdval. A vizsgdlataink alapjan megfogalmazhat6, hogy a
t6gymélység, a hatulsé tégyillesztés, valamint a tégybimbdforma szignifikdns mértékben,
kedvezden befolydsoljdk a kecsketej szomatikus sejtszamét. Eredményeink arra utalnak,
hogy a megfeleld tégy- és tégybimbdformara torténd szelekeid lehetdséget adhat a kecske-
tej minGségének javitasara.

Kulcsszavak: fejhetGség, tejmingség, tobbtényezds regresszidanalizis, tégybiralat.
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BEVEZETES ES IRODALMI ATTEKINTES

A mindségi kecsketej, mint alapanyag elGallitidsa az dgazat versenyképességének novelése
érdekében rendkiviil fontos. A jovedelmezdséget és a versenyképességet novelhetik az
olcsé tartdsi és takarmanyozasi technolégidk (pl. legeltetés) alkalmazasa (Poti 1998, Bedd
és Poti 1999, Jdvor et al. 2001), tovabb4 a termelt tej Osszetételének javitdsa. Emellett
értékelni sziikséges a tej higiéniai (pl. szomatikus sejtszdm) tulajdonsdgait is. A magas
szomatikus sejtszam (szubklinikai t6gygyulladas) ugyanis kedvezétleniil befolydsolja a
tej mennyiségét, és a tej Osszetételét (Rajcevic et al. 2003).

Szamos hazai és kiilfoldi szakember keresett Osszefiiggéseket a t6gy és a t6gybimbd
morfoldgiai tulajdonsdgai, valamint a szomatikus sejtszdm kozott. A legtdbb szerzé a
szarvasmarha t6gy- és t6gybimboé-alakuldsat értékelte (Hollo és Babodi 1979, Rogers és
Hargrove 1993, Siipek 1994, Gulyds és Ivdncsics 2000, Juozaitiene et al. 2006, Sipos et
al. 2009). A t6gy és a tdgybimboé morfoldgiai jellemz6i kozepesen, illetve jol 6roklédnek
(h2:0,3-0,7), igy a megfelel tSgy- és tégybimboformara torténd szelekcidoval mar egy-két
nemzedék alatt jelentds valtozast lehet elérni szarvasmarha fajban (McDaniel 1986). Ez az
oka annak, hogy a tejel6 fajtak kiillemi biralati rendszereiben fontos tulajdonsagcsoportot
jelentenek a tgy- és t6gybimbo-tulajdonsagok.

A kecsketej szomatikus sejtszdma koztudottan nagyobb (500.000-1.200.000 sejt/cm?),
mint a tehéntejé. Ennek fizioldgiai okai vannak, amelyek a két faj tejszekrécidjanak
kiilonbozdségére (a kecske apokrin tipusi) vezethetSk vissza (Haenlein 2002). Bér a ha-
talyos jogszabalyok nem rendelkeznek a kecsketej szomatikus sejtszdm hatarértékérdl, a
jelent8sebb eurdpai kecsketarto orszdgokban (pl. Franciaorszdg, Spanyolorszag) mindségi
tejatvételi rendszereket alakitottak ki, amelyekben a kisebb szomatikus sejtszamu tej atvé-
teli ara magasabb. Legnagyobb atvételi drat jellemzGen az 1.000.000 sejt/cm3 szomatikus
sejtszam alatti tejtételek utan fizetnek a felvasarlok a termelSknek (Pirisi et al. 2007).
Hazéankban kevés kozlemény sziiletett a kecskék tégy és t6gybimbé morfolégidjanak
témakorében (Pajor et al. 2009, Németh et al. 2009, Németh 2010).

El6z6 munkankban (Pajor et al. 2011) a magyar parlagi kecskék t6gytulajdonsagait
kiilon-kiilon értékeltiik a szomatikus sejtszdmmal kapcsolatban. A tobbtényezds mdod-
szerek alkalmazdsaval lehetdség adddik sok tulajdonsdg koziil kivdlasztani a véltozé
értékét legnagyobb mértékben befolyasol6 tényezGket. Jelen vizsgalatunk célja a magyar
parlagi kecskék tégy-, illetve t6gybimbo-tulajdonsdgainak és a szomatikus sejtszdmnak
tobbtényezds regresszidanalizissel torténd osszefiiggés-vizsgalata volt.

ANYAG ES MODSZER

Vizsgélatainkat egy Valké kozelében 1év6 arutermeld kecsketenyészetben végeztiik 30,
azonos laktaciészdmi és -szakaszi magyar parlagi kecskével. Az dllomanyt mélyalmos
istallézott koriilmények kozott tartottak. Az 4llatokat dprilis elejétél naponta kétszer fejték,
a fejés 2x12 allasos SAC fej6hazban tortént (vakuumnagysag: 48 kPa, titemarany: 60:40,
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itemszam: 90 min-!). Az dlloményt jellemz6 laktaciés hossz szElsGértékei 280300 nap,
lakt4cids termelése pedig 400—450 1 voltak.

A morfoldgiai vizsgélatokat a laktacié els6 harmaddban (dtlagosan a 80. napon), az esti
fejés eldtt végeztiik. A vizsgdlatok soran 1-9 kozotti skalan pontoztuk a tégymélységet, a
tégyfiiggesztést, az eliilsG és hatulsé tgyillesztést, valamint a tégybimbdhosszt, -vastagsa-
got és a tégybimboallast (Németh 2011). A t6gybimbdkat alakjuk szerint harom csoportba
osztottuk: hengeres (1. pont), tolcséres (3. pont), valamint a kettd kozotti &tmeneti (2. pont).
A kecsketej szomatikus sejtszdmanak meghatarozasa céljabdl a tejmintdk gytdjtése a mor-
folégiai vizsgélatokkal azonos napon tortént. A tejvizsgdlatok a reggeli és az esti fejésbol
szarmazo6 mintdkbdl torténtek. A tejmintdk gydjtése a fejégéphez csatlakoztatott egyedi
tejmintagydjtd késziilékkel tortént, a tégy teljes kifejése mellett. A reggeli és az esti fejésbdl
szdrmazé tejmintdkat elegyitettiik, igy anyanként 40 cm? mintdt gydjtottiink tartésité
szerrel (bronopol és natamycin) ellatott tégelyekbe. A mintdk szomatikus sejtszdmanak,
atlagos beltartalmédnak (tejfehérje, tejzsir, tejcukor) és az Osszes baktériumszamanak
meghatarozdsa fluoreszcencids optoelektronika felhasznalasaval tortént (Fossomatic 5000,
FT6000 és BactoScan FC, Foss Electric, Hillergd, Dénia).

Az adatok statisztikai értékeléséhez az SPSS 14.0 programot hasznaltunk. Az alkalmazott
statisztikai prébdk az aldbbiak voltak: Shapiro-Wilk teszt, egymintds t-préba, Chi? teszt,
tobbtényezds regresszidanalizis (backward elimination médszer). A médszer alkalmaza-
sa sordn az elsé modell az Osszes tulajdonsag kolcsonhatasait értékeli, majd a legkisebb
hatéssal rendelkezé tulajdonsdgot elhagyva dj modellt alakit ki egészen addig, amig a
legjobban illeszked6 modellt meg nem adja.

EREDMENYEK ES ERTEKELESUK

A vizsgalatban részt vett anyakecskék tejmintdinak osszetételét és szomatikus sejtszamat
az 1. tabldzat foglalja 6ssze.

1. tdbldzat A vizsgalat sordn mért tejosszetételi és szomatikus sejtszdm értékek

Table 1. Milk contents and somatic cell count of examined goats

Fejés Tejzsir Tejfehérje Tejcukor Szomatikus | Baktérium
idopontja ©) % 7) sejtszam (8) | sejtszam (9)
)] (6) 1000 sejt/cm? (10)
Reggel (2) 2,84 3,29 4,65 1.547,80 25,22
Este (3) 2,99 3,23 4,72 2.488,87 27,87
Atlag 4) 2,92 3,26 4,69 2.018,33 26,55

(1) milking time, (2) morning, (3) evening, (4) mean, (5) milk fat, (6) milk protein, (7) lactose, (8) somatic cell count,
(9) bacteria cell count, (10) thousand cell/cm3

A szomatikus sejtszdm értékek nem mutattak normadl eloszlast, ezért adatainkat loga-

ritmizéltuk. A szomatikus sejtszdm dtlagos nagysaga (reggeli mérés: 1.548 ezer sejt/cm3,
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esti mérés: 2.489 ezer sejt/cm3, mérési dtlag: 2.018 ezer sejt/cm?) atlagosnak tekinthetd.
Meért adataink hasonléak voltak Bedd et al. (1999), Olechnowicz és Sobek (2008) és Varga
(2008) altal kapott eredményeihez. A baktériumszam alakuldsa a kovetkez§ volt: reggeli
mérés: 25,22 ezer sejt/cm3, esti mérés: 27,87 ezer sejt/cm3, mérési étlag: 26,55 ezer sejt/cm3).
A vizsgélatban a mintdk baktériumszdma lényegesen alacsonyabb volt, mint a hatdlyos
jogszabdlyban (94/71/EC) rogzitett, h6kezelés nélkiil fogyasztott kecsketejre vonatkozd
hatarérték, amely a kecsketej bakteridlis mindsége szempontjabol kedvezdnek tekinthetd.
A t6gy- és tégybimbo-tulajdonsdgok és a tej szomatikus sejtszdma kozott végzett
tobbtényezds regresszidanalizis eredményeit a 2. tdbldzat mutatja be.

2. tdbldzat A tobbtényezds regresszidanalizis eredménye

Table 2. Results of multiple regression analysis

Tulajdonsagok (1) [ 1. modell 2. modell 3. modell 4. modell 5. modell
R2 0,62 0,62 0,62 0,60 0,59
Becslés hibdja (2) 0,47 0,46 0,45 0,45 0,45
F érték (3) 4,27 5,10 6,15 7,22 9,03
P 0,004 0,001 0,001 < 0,001 < 0,001

(1) traits, (2) estimation error, (3) F value

A tobbvaltozds elemzés eredményeképp 5 modell ,.futott le”. Mind az 6t modellben szerepld
tégytulajdonsdgok interakcidi szignifikdnsan befolydsoltdk a kecsketej szomatikus sejt-
szamat. A kecsketej szomatikus sejtszdm nagysaganak 59, illetve 62%-a magyarazhatd
8, illetve 4 tulajdonsag kolcsonhatasaval. Az alkalmazott modellek megbizhatdsagat és
becslési hibgjat értékelve, a 3. és a 4. modellek mutatjak a legkedvez5bb értékeket (magas
megbizhatdsag és alacsony becslési hiba), ezért a 3. és a 4. modellekben taldlhat6 tulaj-
donsédgok vizsgdlatdra forditottunk nagyobb hangsulyt.

A tobbtényezds regresszidanalizis egylitthatéinak eredményeit a 3. #dbldzat mutatja be.

3. tdbldzat A tobbtényezss regresszidanalizis vizsgdlt tényezSinek egyiitthatdi

Table 3. Coefficients of investigated variables of multiple regression analysis

Tulajdonsagok (1) 1. modell | 2. modell | 3.modell | 4. modell | 5.modell
Konstans (2) 5,65 5,61 5,61 5,40 5,82
T6gymélység (3) -0,07 -0,08 -0,09 -0,10* -0,10%*
Togyfiiggesztés (4) -0,04 -0,03 — — —
Eliils§ tégyillesztés (5) -0,03 — — - -
Hatuls6 t6gyillesztés (6) -0,22* —-0,22* —-0,24* —-0,22* -0,22*
TEgybimbohossz (7) 0,08 0,09 0,09 0,06 —
Tégybimbodvastagsag (8) -0,06 -0,06 -0,07 — —
T&gybimboallas (9) 0,18 0,18 0,17 0,17 0,17
TSgybimbdtipus (10) 0,30* 0,30* 0,30* 0,28* 0,28*

* = szignifikdns kiilonbség, P < 0,05
(1) traits, (2) constant, (3) udder depth, (4) udder cleft, (5) fore udder attachment, (6) rear udder attachment, (7) teat
length, (8) teat thickness, (9) teat direction, (10) teat type
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A kovetkezd tulajdonsagok, mint a t6gymélység, a hatulsé tégyillesztés, valamint a
t6gybimbé kedvezétlen forméja szignifikansan befolydsoltdk a kecsketej szomatikus
sejtszamat. A vizsgalatban a sekély t6gymélység és a comb vonalan tilnyulé tégyillesztés
esetén mértiik a legkisebb szomatikus sejtszdmot. Rogers és Hargrove (1993), illetve
Gulyds és Ivdncsics (2000) vizsgélataihoz hasonldan, a kedvez6bb t6gymélység esetén
volt varhat6 kisebb szomatikus sejtszam. A t6gy mélysége és a tégy hatulsé illesztése,
valamint a tej szomatikus sejtszdma kozott negativ irdnyu Osszefiiggést kaptunk, melynek
hatterében az allhat, hogy az ersebb fiiggeszt§ szalaggal rendelkezd kecskéknek jobb
a togyszerkezetiik, igy kisebb a tejiik szomatikus sejtszdma, mig rosszabb t6gyszerkezet
esetén nagyobb mennyiségli szomatikus sejt iiriil a tejbe.

A t6gybimbd tipusa is jelentds befolyast gyakorolt a tej szomatikus sejtszamara. A
kedvezétlen tipusi, tolcsér alakd t6gybimbokbdl fejt tej szomatikus sejtszama nagyobb
volt, hasonléan a korabbi vizsgalatainkhoz (Pajor et al. 2010). Az eredmény jelentGségét
jol mutatja, hogy a hengeres t6gybimb6tdl eltérd t6gybimbodalakulds tégygyulladas
kialakulasara hajlamosit, melyet Montaldo és Martinez-Lozano (1993) altal kiilonb6z6
keresztezett genotipusokon végzett kutatdsai is megerdsitettek. Tovabbi negativ tényez&ként
kell értékelni, hogy a tolcséres t6gybimbok méretiikbdl adédéan konnyebben sériilnek,
novelve a fert6zés kockdazatat.

Vizsgéalatunkban pozitiv 0sszefiiggést tapasztaltunk a t6gybimbé alldsa és a szomatikus
sejtszam kozott. Ezzel szemben a kordbbi vizsgalatok (Pajor et al. 2009) negativ 0ssze-
fliggést jeleztek, miszerint az el6redlld t6gybimbokbdl kifejt tej szomatikus sejtszama
kedvezdtlenebb volt. Az ellentmondés azzal magyarazhatd, hogy a jelenlegi vizsgalatban
nagy aranyban (47%) voltak jelen tolcséres t6gybimbo6jui anyakecskék. Az ilyen alakulasu
tégybimbok 1ényegesen hosszabbak és vastagabbak, igy ezen t6gybimbdk mérsékelten
eléredlléva, illetve fiiggblegeshez kozeli dllasuva valhattak, ami befolydsolta az eredmé-
nyeket.

A t6gybimbd hossza és annak vastagsdga pozitiv, de nem szignifikans 6sszefiiggést mutat-
tak a szomatikus sejtszammal. Az 6sszefiiggés irdnya tehat pozitiv volt, hasonléan a korabbi
vizsgélatainkban (Pajor et al. 2009) tapasztaltakhoz. A gyenge Osszefiiggés hatterében az
allhat, hogy mind a tdl rovid, mind a tdl hosszi t6gybimbok kedvezétleniil befolyasolhatjak
pl. a fejhetSséget, konnyebben sériilhetnek stb., igy leginkabb a kdzéphosszu és kozepes
vastagsagu t6gybimbdk felelnek meg a mindségi tejtermelés feltételeinek.

Az értékelt t6gy- és t6gybimbo-tulajdonsidgok (t6gymélység, hitulséd tégyillesztés és
t6gybimb6 forma) vizsgalatira nagy hangsulyt kell fektetni a mennyiségi és mindségi
kecsketej-elallitas soran, kiilonosen olyan heterogén fajtdban, mint a magyar parlagi fajta.

KOVETKEZTETESEK

Eredményeink alapjan a magyar parlagi kecskék t6gy- és t6gybimbd-tulajdonsagai
jelentGsen — nem meglepd médon — elmaradnak a fejhet&ség szempontjabdl optimalisnak
tekintett tégybiralati pontszdmu egyedekétSl. Az ezekre a tulajdonsagokra torténd szelekcid
hatékony eszkoz lehet a higiénés szempontbdl kedvezd mindségi kecsketej elGallitasara.
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A t6gymélység, hatuls tégyillesztés és tégybimboforma szignifikdnsan befolyasoljak
a kifejt tej szomatikus sejtszdmat. A kedvezd t6gymélységgel, hatulsd tdgyillesztéssel
és tégybimbo6formaval rendelkezd kecskéktSl varhatunk alacsony szomatikus sejtszdmu
kecsketejet.

Relation between udder and teat morphology traits and
somatic cell count in a Hungarian Native goat herd
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SUMMARY

The aim of this research was to evaluate the relationship between major udder and teat
morphology traits and milk somatic cell count. The trials were carried out with 30 Native
Hungarian Goats equivalent in their number and section of lactation on a commercial
goat farm in the neighbourhood of Valké, Pest County. Udder and teat morphology traits
were scored during the first third of lactation (on approximately day 80) before evening
milking. Udder (depth, cleft, fore and rear udder attachment) and teat (length, thickness and
direction) parameters were evaluated using a 9-point rating scale. The teats were divided
into 3 types (cylinder, transitional and funnel) according to teat form. Milk samples were
collected for somatic cell count determinations on the day of udder and teat scoring. Multiple
regression analysis was used to investigate the effect of udder traits on goat milk somatic
cell count. 59-62% per cent of the somatic cell count could be explained by interaction of
the investigated traits. Based on the results somatic cell count is significantly influenced
by the udder depth, rear udder attachment and teat form. Favourable formation of these
anatomical traits has positive effects on the somatic cell count. The results of this study call
attention to the possibility that milk quality could be improved through genetic selection
programs aimed at improving udder and teat morphology of goats.

Keywords: milkability, milk quality, multiple regression analysis, udder morphology.
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Analysis of parameters affecting the shelf life of liquid whole egg
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SUMMARY

In our measurements we tested the changes in viable cell count in liquid whole eggs.
Central complex rotation design was used in planning our experiments, and response
surface method (RSM) was applied to analyze the effect of each parameter (pH, storage
temperature, storage time and preservative content) on the viable cell count.

Based on our measurements, in addition to the storage time, the pH value and storage
temperature of liquid egg samples significantly affect (p < 0.01) the viable cell count,
but any inhibitory effect of preservatives (Na benzoate, K sorbate mixture) on microbial
growth could not be clearly detected.

Using the secondary polynomial model which was adjusted to our data, the measurements
were defined very well; therefore it is hoped that our results will afford real help in estimation
of the microbiological condition of liquid whole egg products which are preserved by
various methods.

Keywords: liquid egg, preservative, pH, storage temperature.

INTRODUCTION

Shelf life of liquid egg products is relatively short, since proteins responsible for the
microbial resistance of eggshell are denatured during pasteurization (Baron et al. 1999),
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and the mixture of egg white and yolk provides an excellent medium for microbial growth
(Powrie and Nakai 1985). Therefore, liquid egg production plants use various preservatives
to increase the shelf life of their products. Such substances include citric acid and other
additives which adhere to the Hungarian Codex Alimentarius, such as sodium benzoate
and potassium sorbate. Total maximum allowable concentration of these two preservatives
together is 5000 mg/1 (Codex Alimentarius Hungaricus 1995).

The main limitation in the selection of the amount of citric acid is the pH sensitive proteins
of egg; these proteins are denatured at a relatively high rate, a pH lower than 5 (Ferreira
et al. 1997). The adjusted acidity strongly influences the efficiency of preservatives that
can be used in liquid egg products. To complicate matters further, potassium sorbate and
sodium benzoate do not have the appropriate effect at nearly neutral pH values (Marin
et al. 2003).

Sodium benzoate and potassium sorbate can be added to liquid egg products in any amounts
up to a concentration of 5000 mg/1 (one of them can even be omitted); however, experi-
ments with foods prepared with eggs have shown that these substances can significantly
reduce microbial growth only when present in combinations (Wind and Restaino 1995).
It should be noted that besides correct selection of preservatives, there are three other factors
which also significantly affect the shelf life of products: adequate storage temperature
(Schoeni et al. 1995, McQuestin et al. 2010), microbial contamination, and composition
of the fresh product from the production line (Petrak et al. 2000).

Our purpose with this work was to determine how the total viable cell count changes in
liquid whole eggs under refrigeration, depending on the storage temperature, the pH value
of samples, and their preservative content.

MATERIALS AND METHODS

Samples and storage

Liquid egg white samples (pH = 7.1+£0.1) were obtained from a Hungarian egg processing
plant. Samples were raw liquid egg which had not been subjected to heat treatment. Liquid
egg samples were collected from the production line the evening before the experiment,
and were refrigerated at 4 °C for a maximum of 24 hours until the tests were started.

The pH value of samples was adjusted with citric acid, and we used a mixture of sodium
benzoate and potassium sorbate in 1:1 ratio as preservative. After the adjustment of pH and
preservative content, the baseline of total viable cell count (Np) of all samples was measured
and found to be nearly identical, 2.68 x 103 (IgNo=3.43+0.19). After adjustment of the values
the samples were stored at 4 to 10 °C in a refrigerator in accordance with the test requirements.

Test design, data analysis

The central complex rotation design (CCRD) (Box and Draper 1987) was used for the
tests. The response surface method (RSM) was applied to analyze how each variable
(pH, storage temperature, storage time, and preservative content) influenced the viable
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cell count. Tables 1. and 2. show the design of the experiment and the factor levels. The
main advantage of this experimental approach is the decreased number of the tests to be
performed. However, sufficient information was available for acceptable statistical results.

Table 1. Trial design and factor levels in encoded values

Encoded factor -2 -1 0 +1 +2
pH X1 4.0 4.5 5.0 5.5 6.0
Preservative concentration (g/kg) X2 0.0 0.1 0.3 0.5 0.7
Storage temperature (°C) X3 4 6 8 10 12
Storage time (day) X4 1 4 7 10 13

Table 2. Trial design and factor levels (%) in actual values and test

Preservative Storage Storage

D, ) el concentration (g/kg) temperatu%‘e (C) time (dgay) 1g(N/No)
1 4 0.3 8 7 0.05+0.01
2 6 0.3 8 7 7.52+0.38
3 5 0.0 8 7 1.69+0.20
4 5 0.7 8 7 1.60+0.32
5 5 0.3 4 7 0.24+0.09
6 5 0.3 12 7 8.26+0.42
7 5 0.3 8 1 0.24+0.14
8 5 0.3 8 13 3.02+0.55
9 4.5 0.1 6 4 0.14+0.07
10 5.5 0.1 6 4 0.79+0.19
11 4.5 0.5 6 4 0.60+0.09
12 5.5 0.5 6 4 0.77+0.13
13 4.5 0.1 10 4 0.70+0.25
14 5.5 0.1 10 4 2.79+0.34
15 4.5 0.5 10 4 0.66+0.09
16 5.5 0.5 10 4 6.36+0.54
17 4.5 0.1 6 10 0.36+0.05
18 5.5 0.1 6 10 1.98+0.23
19 4.5 0.5 6 10 0.14+0.05
20 5.5 0.5 6 10 1.95+0.13
21 4.5 0.1 10 10 1.76+0.24
22 5.5 0.1 10 10 5.87+0.61
23 4.5 0.5 10 10 1.66+0.26
24 5.5 0.5 10 10 8.12+0.54
25 5 0.3 8 7 1.64+0.11
26 5 0.3 8 7 1.65+0.20
27 5 0.3 8 7 1.68+0.29

No — baseline total viable cell count
N — total viable cell count measured in the test

We used the response surface method for approximation with a polynomial model of
second order. Experiments were conducted in random order and data were analyzed with
software (Unscrambler v 9.1 (CAMO PROCESS AS, OSLO, Norway). There were four
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X variables in the general form of the second order polynomial model used in this study:

Y=3 +,31X1+ﬁ2X2+ﬂ3X3+ﬁ4X4+ﬁ11X]2+ﬁ22X22+ﬂ33X32+ﬁ44X42
B2X X5 + 13X X5+ P14 X Xy + 23 Xy X+ Boa Xo Xa+ 34 X3 X4

that provide with linear Xj, X2, X3, X4 expressions and quadratic Xj2, X52, X32, X42
expressions. The X; variable represents the pH adjusted with citric acid, X» represents
the preservative concentration, X3 represents the storage temperature, and X4 represents
the storage time. Y is the independent variable to be determined by the model (change in
viable cell count). B is the intercept, and B, P2, B3, P4, Bi1, B22, B33, Pads P12, P13, P14, P23,
B24, B34 expressions are the regression coefficients of the model.

Testing viable cell count

For testing the viable cell count, 1 gram of liquid egg samples were homogenized by continuous
stirring and diluted with sterile water. A tenfold dilution series was prepared and from these
test samples 1.0-10-8 g quantities were transferred into meat liquid agar medium by means of
the covered plate pouring technique. The samples were incubated at 30 °C for 72 hours and the
colonies grown in each Petri dish were counted. The colony counting was always performed
three times. Dishes having less than 30 colonies were not included in the evaluation of results.

RESULTS AND DISCUSSION

Changes of microbial count in samples variously treated and stored are shown in Table 2. The
effect of the different variables on the viable cell count can be observed even without analysis
of the model. For example, in cases when the tests differed only in the pH adjustment (storage
time 7 days at 8 °C with addition of 0.3 g/kg preservative), we observed differences of around 6
orders of magnitude between the samples adjusted to pH = 5.0 and pH = 6.0 (Test 2 and Test 26).
Considerable differences were found with 7 days’ storage at different temperatures, in terms
of the change in viable cell count in samples stored at the lowest (4 °C) and at the highest
(12 °C) temperatures. In this case, we measured a difference of 8 orders of magnitude
between the results of Test 5 and Test 6.

No significant differences appeared among the results, when the quantities of the pre-
servatives were added according to the upper and lower limit (Tests 3 and 4). After 7 days of
storage of samples having pH higher than 5.0, an increase in viable cell count of 1.69+0.20
orders of magnitude was observed in samples stored at 8 °C without added preservative,
while an increase of 1.60+0.32 orders of magnitude was observed with 0.7 g/kg preservative
concentration. We did not observe significant antimicrobial effect of the preservatives added
to liquid egg even at lower pH values (pH = 4.0—4.5). In Tests 21 and 23 we did not find any
differences between samples containing the preservatives at 0.1 or 0.5 g/kg concentration
after storage when the pH was 4.5, the temperature 10 °C and storage time 10 days.
Storage time had a significant effect on the changes of the viable cell count. After storage
for 1 and 13 days (as the lower and upper limits) under similar conditions (pH =5, T =8 °C,
¢ = 0.3 g/kg preservative) there was a difference of 2.5-3.0 orders of magnitude in the
change of viable cell count (Tests 7 and 8).
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Based on the statistical analysis of the mathematical model (summarized in Table 3.) among
the four single variables only the preservative content proved not to be significant (p =0.22).

Table 3. Regression coefficients of the secondary polynomial model
for response analysis with encoded units

B-coefficients MS F-ratio p-value
Intercept 1.657 8.24 10.34 0.01*
pH (A) 3.13 58.77 73.74 0.00*
preservative (B) 1.18 1.34 1.68 0.22
storage temperature (C) 0.775 57.65 72.33 0.00*
storage period (D) 0.203 8.86 11.11 0.01*
AxB 0.328 2.02 2.53 0.14
AxC 0.814 12.45 15.62 0.00*
AxD 0.311 1.81 2.27 0.16
BxC 0.317 1.89 2.37 0.15
BxD -0.12 0.27 0.35 0.57
CxD 0.276 1.40 1.79 0.21
AXA 0.389 3.78 4.75 0.05%*
BxB -0.105 0.28 0.35 0.57
CxC 0.497 6.188 7.763 0.02*
DxD -0.109 0.295 0.37 0.55

* significant effect demonstrated

The significant interactions (p < 0.05) were as follows: (pH x storage temperature), (pH)?
and (storage temperature)?.

Figure 1. shows that there was a close correlation (R = 0.97) between predicted and
measured 1g(N/Ny) taking into account the effects of the four variables and the interactions
between them.
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Figure 1. Predicted versus measured viable cell count



58  Cs. Németh —I. Dalmadi — G. J6nds — L. Friedrich — J. Surdnyi — B. Mrdz — A. Suhajda — Cs. Balla:

In Figure 2. the changes of viable cell counts are plotted against one variable while the
others are constant. Five readings analyzed at 3 measurement points were revealed by
keeping the other 3 variables constant. Three of the 5 readings were in the center of the
measurement range (pH = 5.5, preservative concentration = 3.0 g/kg, storage time = 7
days, storage temperature = 8 °C), while one was at the -2 factorial level and the other one
at the +2 factorial level. The constant value of the other three variables was the median
value of each. It can be seen on the graphs that the results at changing temperature (A),
pH (B) and storage time (C) fit quite well with the values described by the model. In the
case of preservative (D) the model did not show such a close match to the measurement
points. However, observing the scale, we can conclude that the variation during the 7
days of storage was approximately 1 log unit (below 0.2 g/kg preservative concentration).
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Figure 2A-2B. The changes of the viable cell count
in the function of storage temperature (A), storage time (B),
4@ measured points; —— model curve
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Figure 2A shows the microbial growth at different temperatures. It can be seen that the
microbial growth increased at elevated temperatures, which corresponds to the Ratkowsky
equation (k = b*(T-Tmin)?2, in other words, the microbial growth rate showed a quadratic
correlation with the temperature (Adams and Moss 1995).

Figure 2B shows the effect of storage on the increase of viable cell count. It can be seen that
under constant environmental conditions the microbial growth rate was constant as well.
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Figure 2C—D The changes of the viable cell count
in the function of pH (C) and concentration of preservative (D)
& measured points; —— model curve

Figure 2C shows the effect of the pH on the changes in viable cell count. Below the optimal
pH level, the growth rate coefficient related almost quadratically to the pH. In the literature
this is described as the expanded Ratkowsky equation k = b*(pH-pHmin)2. The effect
of the concentration of preservatives on the changes in viable cell number is presented
in Figure 2D No significant correlation is shown. This can be explained by the pH level
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applied, since at this pH level the undissociated ratio of benzoic acid is 13% and that of
sorbic acid is 30% (Dedk 2006) which is not strong enough to inhibit the microbial growth.
Figure 3. shows the 3D surface of the changes in the viable cell count in liquid egg as the
function of preservative concentrations and pH values. Figure 3. demonstrates that the
concentration of the preservatives had no significant effect on the changes in the viable
cell count.

In terms of plotting the changes in viable cell count as a function of the preservative
concentration and storage temperature (Figure 4.) or storage time (Figure 5.), the preservative
concentration obviously had less effect on 1g(IN/No) compared to the other two variables.
While in the case of storage below 8 °C for 7 days the changes in viable cell counts were
not significant, at 10 °C we experienced an increase of approximately 4 log units in the
viable cell counts (Figure 4.).

Figure 5. shows the changes in the viable cell counts as a function of the storage time and
the preservative concentration. It can be seen that the preservative had no positive effect on
the inhibition of microbial growth. The 1g(N/No) value increased relatively continuously.
When the changes in microbial count were plotted as a function of any 2 elements: pH,
storage temperature, and storage time (Figures 6—8); we observed that each variable
significantly affected the microbial growth and all at similar levels. Figures 5—7. show that
the microbial growth was appropriately inhibited at the lower limits of the tested range
of pH and storage temperature (pH = 4.0 or T = 4 °C). Therefore, based on the model, in
samples acidified to pH = 4.0 there is no reason to anticipate significant changes in the
viable cell count even at temperatures around 10 °C. These results correspond with the
growth ranges tested in micro-organisms typically present in egg (Schoeni et al. 1995,
Hiinninen et al. 1984).

When we combined the appropriate storage temperature (4—6 °C) with the low pH (below
5.0), we did not observe changes in the viable cell counts (Figure 6.). However, we detected
rapid increase in the viable cell counts for any changes in conditions when the storage
temperature was above 8 °C and the pH was higher than 5.0.

The data presented in Table 3. show that among all the variables under consideration,
only the interaction of (pH x storage temperature) and the quadratic parameters of (pH)?
and (storage temperature)? had significant (p < 0.05) effects on the viable cell count. This
corresponds to the literature, and is explained by the Ratkowsky equation and experience
with the combined preservation techniques. That is because the suboptimal culture
conditions increase the demand of microbes on other environmental factors being optimal
(Adams and Moss 1995).

When we plotted the changes in viable cell counts as a function of storage temperature
and pH (Figure 6.) it appeared that below pH 4.5 there were no significant changes in
viable cell count during the time interval of the experiments (4—10 days). At elevated pH
values the increase of viable cell counts was significantly higher. At pH = 6.0 after 10
days of storage we observed a considerable change of 8 log units in the viable cell count,
much higher s than at pH 4.5.
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CONCLUSIONS

The pH and the storage temperature of liquid eggs significantly affected the change in
viable cell count during storage. However, our measurements did not clearly demonstrate
that the mixture of sodium benzoate and potassium sorbate added to liquid egg at the
approved concentration range would significantly inhibit microbial growth.

Storage time was introduced into the experiments as the fourth variable. This allowed us
to obtain a model highly correlated with our results (r = 0.97) by which it was possible to
calculate quite accurately the storage time as it related to a specific increase in viable cell
count in various liquid whole egg products.

Microbial contamination of liquid whole egg products may vary, thus our purpose in the
future will be to analyze microbial composition and its effects on the shelf life of liquid
egg products.

Teljes tojaslé eltarthatésagat befolyasolo paraméterek vizsgadlata

NEMETH CSABA! - DALMADI ISTVAN! - MRAZ BALAZS? - SUHAJDA AGNES?
FRIEDRICH LASZLO! - SURANYI JOZSEF! - BALLA CSABA!

1 Budapesti Corvinus Egyetem
Elelmiszertudoményi Kar
Hiit6- és Allatitermék Technol6giai Tanszék
Budapest

2 Budapesti Corvinus Egyetem
Elelmiszertudoményi Kar
Mikrobioldgiai és Biotechnoldgiai Tanszék
Budapest

3 Budapesti Miszaki és Gazdasdgtudomdnyi Egyetem
Vegyészmérnoki és Biomérnoki Kar
Alkalmazott Biotechnolégia és Elelmiszertudomanyi Tanszék
Budapest

OSSZEFOGLALAS

Meéréseink sordn a teljes tojaslevekben tdrolds sordn bekovetkezd €lGsejtszam-valtozast
vizsgaltuk. Kisérletiink megtervezésénél kozponti sszetett rotacids elrendezést (CCRD)
alkalmaztunk, és az egyes valtozok (pH, tarolasi hémérséklet, tarolasi id6 és tartdsitoszer-
tartalom) élGsejtszam-novekedésre gyakorolt hatdsdnak elemzéséhez a valaszfeliilet-
modszert (RSM) hasznaltuk.

Meéréseink alapjan a tdroldsi id6 mellett a tojaslémintdk pH-értéke, illetve tarolasi
hémérséklete is szignifikdnsan (p < 0,01) befolyasolja az élGsejtszam alakulasat, ugyanak-
kor a tartdsitészerek (Na-benzodt, K-szorbat keverék) hozzdaddsdnak mikrobaszaporoddst
gatlé hatdsat nem tudtuk egyértelmtien kimutatni.
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A mérési eredményeinkre illesztett masodfoku polinomidlis modellel jél leirhatéak vol-
tak az eredményeink, igy eredményeink remélhetSleg tényleges segitséget nydjthatnak a
kiilonboz6 médon tartdsitott teljestojaslé-termékek mikrobioldgiai dllapotdnak megbe-
csiiléséhez.

Kulcsszavak: tojaslé, tartositoszer, pH, tarolasi idG.
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Konyvszemle

AGROMETEOROLOGIAI ES KLIMATOLOGIAI ALAPISMERETEK
(Szerkesztette: Anda Angéla és Kocsis Timea)

A Mezdgazda Kiad6 gondozdsdban 2010-ben megjelent Agrometeoroldgiai és klimatold-
giai alapismeretek cimd (tan)konyv 382 oldalas terjedelemben foglalja 6ssze a legfontosabb
meteoroldgiai és klimatol6giai ismereteket.

A kiilsé megjelenésében tetszetds, kemény kotésben megjelent konyv olyan hazai szerz6k
tollabdl sziiletett, akik méltdn megérdemlik a szakmai elismertséget.

ANDA ANGELA professzor asszony, habilitdlt egyetemi tanir a Pannon Egyetem
Georgikon Mez6gazdasdgtudoményi Kar Meteoroldgiai és Vizgazdalkoddsi tanszéké-
nek vezet§je, az MTA Meteoroldgiai Szakbizottsdgan beliil miikodé Agrometeoroldgiai
Albizottsag elndke. KOCSIS TIMEA egyetemi adjunktus, a Pannon Egyetem Georgikon
Mezbgazdasdgtudoményi Kar Meteoroldgia és Vizgazdalkodés Tanszék munkatarsa. Kuta-
t61 munkdjit az éghajlatvaltozas, valamint annak hatdsa a mezdgazdasdgra témakban végzi.
KOVACS ALFRED a Szent Istvan Egyetem Szarvasmarha- és Juhtenyésztési Tanszék do-
cense, a zoometeorologia kivalé ismerGje. TOKEI LASZLO a Budapesti Corvinus Egyetem
tanszékvezetS egyetemi docense, a kertészeti termesztés idGjarasi kockazati tényezdivel,
valamint a kertészeti iiltetvények dllomdnyklimdjanak vizsgalatdval foglalkozik. VARGA
ZOLTAN a Nyugat-magyarorszagi Egyetem MezGgazdasag- és Elelmiszertudomanyi Kar
egyetemi docense, a meteoroldgiai informacidk mezdgazdasagi hasznositdsdnak kutatdja.
A konyv megjelenésének aktualitdsat mi sem jelzi jobban, minthogy a meteorolégiai
extremitasok idGszakdban a mez6gazdasagban dolgozé agrarszakembereknek egyre elmé-
lyiiltebb meteoroldgiai-klimatolégiai ismeretekre van sziiksége ahhoz, hogy tevékenységiiket
sikerrel végezhessék. A globdlis klimavéltozds kovetkezményeire, a szélsGséges idGjarasi
eseményekre, valamint az idGjaras okozta karok megelézésére csak tgy lehet felkésziilni, ha
rendelkeziink a nélkiilozhetetlen alapismeretekkel. A napsugarzas, a felszini-, illetve ndvényi
vizforgalom, valamint a névények fejlédését befolydsolé meteoroldgiai tényez&k folyamatos
véltozdsa megkoveteli az agrarmérnokoktdl, hogy legaldbb alapszinten tisztaban legyenek
az életiiket és sikerességiiket befolydsold tényez8k szerepével és hatdsaival.

A tankOnyv megirasakor a szerzGk alapvetd torekvése az volt, hogy az alapszakos hallgaték
szamdra 0sszegezzEék az agrometeoroldgiai és klimatolégiai alapismereteket, azonban ezen
torekvést néha tidlszarnyalva olyan konyv sziiletett meg, amely a mesterszakos képzés soran
is méltdn megallja helyét. A m{i megirdsa sordn a szerz&k szemléletes dbrdkkal illusztraltak
az egyes fejezeteket, amely elsGsorban az anyag elsajititdsdhoz nyujt segitséget. Ezzel
ugyanakkor azt is elérték, hogy a konyv nem csak a sztik szakmai kozonség szdmara nyujt
tdmpontot az ismeretanyag elsajatitdsdhoz, hanem a szélesebb rétegek /agro/meteoroldgiai,
klimatoldgiai kivdncsisdgdnak kielégitésére is alkalmassa vilt.
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A tankOnyv tizenegy fejezetre bontva vezeti végig a hallgatdkat és az érdekl&dé olvasdkat az
ismeretanyagon. Az elsé fejezetben a meteoroldgiai alapismeretek, a 1égkor, mint élettelen
kornyezeti elem, valamint a 1égkor f6 6sszetevdinek, a nitrogénnek és az oxigénnek a 1ég-
kori szerepe kertil bemutatasra agrometeoroldgiai szempontbdl. Kiilon alfejezet olvashat6
a transzportfolyamatokrol, amelyek a talaj—novény—légkor rendszerben az agrarmérnokok
szempontjabol kiilonds jelentGséggel birnak.

A masodik fejezet a 1égkori nyomgazok hatésat, az tiveghdzhatdsd gazok koncentracidvaltozasat,
valamint a valtozas miatt bekovetkezd globdlis kihivdsokat mutatja be. Itt ismerkedhet meg az
olvasé a globdlis éghajlatvaltozas varhatd hatdsainak magyarorszagi vonatkozdsaival, valamit
itt keriil emlitésre a VAHAVA projekt és a Nemzeti Eghajlatvaltozasi Stratégia. A harmadik,
negyedik és 6todik fejezetek a kiilonbozd éghajlati elemek, a napsugérzds a h6haztartas és a
viz kornyezeti szerepér6l nyujtanak jol rendszerezett, logikusan felépiilS ismereteket. A hatodik
fejezet az éghajlattani alapok elsajatitasat teszi lehet6vé, felhasznalva a ma mar klasszikusnak
szadmit6 kordbbi munkdkat. A fejezet szdmos hatdr-tudomdnyteriilet (pl.: foldrajztudomany)
miivelGje szdmara is j6 Osszegzést nydjt. Kiilondsen hasznosak az itt taldlhaté szines illuszt-
racidk, amelyek szemléletesen mutatjak be az egyes éghajlatok, valamint éghajlati elemek
teriileti értékeiben jelentkezd kiilonbségeket. A hetedik fejezet a mezo- és mikroklimatoldgiai
ismereteket, valamint azok gyakorlati alkalmazasat mutatja be a t4jépitészeti meteoroldgia (pl.:
véarosklima, vizparti klima), valamint a kertészeti kultdrak allomanyklim4jan keresztiil. A
nyolcadik fejezet a zoometeoroldgia vildgaba kalauzol. Itt az dllattartds mikroklima igényét,
valamint az dllatbetegségek és dllati kartevSk valamint a meteoroldgiai viszonyok osszefiiggés
rendszerét ismerhetjiik meg. Fontos része a fejezetnek, hogy az allattenyésztésbdl szarmazo
légszennyezG anyagokat ismertetve az dllattenyésztés és a meteoroldgia kolcsondsségi viszonyait
is bemutatja. A kilencedik fejezet az agrometeoroldgiai informacidk hasznositasanak alapjaival,
valamint azok gyakorlati vonatkozésaival foglalkozik. Mivel a konyv a jové szakembereinek
irédott, ennek kiilonds jelentsége van, hiszen az dlland6 dontéskényszerben 1évé gazddlkodd
a gyakorlatban csak az agrometeoroldgiai informéaciok hasznositdsa alapjan tud megalapozott
dontést hozni. A tizedik fejezet a meteoroldgia néhany specidlis feladatdba enged betekintést,
elssorban a modellezést és az idGjarasi kartételeket és azok elleni védekezés lehetGségét
kiemelve. A tizenegyedik fejezet a leveg&szennyezés novényekre gyakorolt hatdsat, valamint
a savas lilepedést mutatja be. A konyv végén taldlhaté fliggelék a matematikai-statisztikai
alapismereteket meteorolégiai alkalmazdsokkal szemléltetve mutatja be.

A fejezetek végén megtaldlhaté irodalmi hivatkozdsok hozzasegitik a kivancsi olvasét
ahhoz, hogy az egyes fejezetekben érdeklddésére szamot tart6 ismereteket tovabb mélyitse.
A tankonyv szerzGinek eddigi tudomdnyos-, oktatési- és publikdcids tevékenysége, valamint
JUHASZ LAJOS és VARGA-HASZONITS ZOLTAN lektori munkéja garancia arra, hogy
az olvas6 olyan tuddsanyagot szerezzen meg a konyv elolvasdsa soran, amely hozzasegiti
az agrometeoroldgiai és klimatoldgiai kérdésekben vald biztos eligazoddsban. A munka
idén februarban ITSZB Nivédijban is részesiilt.

Ajanlom ezt a konyvet minden leend6 agrarmérnoknek, akik bar kozvetleniil befolydsolni
nem tudjdk a klimatoldgiai viszonyokat, azokat megértve a hatdsokra fel tudnak késziil-
ni, valamint a gyakorlé agrarszakembereknek, akik a konyv segitségével felfrissithetik
korabbi tuddsanyagukat.

Dr. Milics Gabor
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FENNTARTHATO SZEMLELETU SZANTOFOLDI NOVENYTERMESZTESTAN
(Szerkesztette: Radics LdszIo)

Immaron befejezett tény az utdbbi évtizedek legnagyobb novénytermesztési vallalkozdsnak
tekinthet$ a Fenntarthaté szant6foldi novénytermesztéstan c. konyv megjelenése. A nagy
terjedelemre valg tekintettel csak 3 kotetben fért meg az a sok 4j ismeret, ami a legutébbi
Lang Géza altal szerkesztett novénytermesztési kézikonyv 6ta valt nyilvanossa. A konyv
a fenntarthaté szemléletd szant6foldi novénytermesztés-tani ismereteket kozli.

A munkdt jellemz6 szdmok listdja impozédns. A harom konyvben 6sszesen szaz szerzd szerepel.
A lektorok szama nyolc, a névényfajok szaima nyolcvannégy. Ezenkiviil tiz f(ifaj, energianové-
nyek 6t faj —illetve néhany novénynél utalés az ilyen irdnyu felhasznaldsra — és harom keverék,
festénovények hat faj, méhlegelénovények — ebben nincsenek kiilon fajok — és zoldségfélék
tizenot faj. Mindosszesen szazhiisz faj és harom keverék. A fejezetek szdma szazhat, amelyet
egy fiiggelék és mindhdrom konyvben irodalomjegyzék javasolt irodalommal tesz teljessé.
A fenntarthat6 gazdéalkodds kifejezés a szakirodalomban az 1980-as években valt ismert-
té, amikor a Vildgelemzd Intézet (Wordwatch Institute) publikdlta ,,Irdny a fenntarthaté
tarsadalom” cimi mdvét. Az 1987. évi amerikai térvény az ,,Elelmiszerbiztonségrél" isa
fenntarthato6 fejlédésrdl szdl. ,,A fenntarthat6 fejlédésnek taldlkoznia kell a jelen generécié
igényeivel igy, hogy ne csokkentse a kdvetkezd generdcid esélyeit.”

A ’80-as évek ezen eseményeinek el6zményei azonban a XIX. szdzad végére nytlnak
vissza. A bioldgia, a bioszféra és a human okoldgia teriiletén tobb kutaté foglalkozott
olyan hosszu tavi programokkal, amelyeknek célja a természet és a human er&forrasok
megdrzése volt. Az els6k egyike Aldo Leopold iowai szdrmazasu 6koldgus. Felismerte,
hogy a természet megSrzésének alapja a felszin alatti vizek tisztasdga. Vallotta, hogy a
természetnek onmegujulé képessége van, melynek miikodését nekiink kell biztositani.
Nevét ma is viseli az iowai Leopold Center, mely Uj termesztéstechnolégidk kutatdsaval,
fejlesztésével, képzéssel és szaktandcsaddssal is foglalkozik. A fenntarthaté fej6dés
filozofidjat Aldo Leopold és Charles Benbrook igy fogalmazta meg: ,,Soha nem tudjuk
elérni a természettel valé harmonidt, amig el akarjuk érni az ember teljes szabadsagat,
de torekedniink kell r4.”

A fenntarthaté mez8gazdasagi kifejezést el6szor Web Jackson genetikus hasznalta 1978-
ban. A fenntarthaté gazdalkodassal foglalkoz6 fontos kutaté- és oktatékézpont, a Henry
A. Wallace (Henry A. Wallace Center for Agricultural & Environmental Policy at Winrock
International) szintén az Egyesiilt Allamokban van. Természetesen mas dllamokban, mas
néven, mds filozofiai alapvetésekkel, de ugyanazokkal a kornyezeti, tirsadalmi és szocio-
l6giai torekvésekkel is megjelent ez a gondolat.

A muilt szazad *20-as éveiben a biodinamikus gazdalkodassal Németorszagban, hazankban
pedig a fenntarthat6sdg megismerése és elismerése Ubrizsy Gabor kdrnyezetvédelmi gon-
dolataival kezd8dott az 1960-as évek végén. Bevezette az integralt novényvédelem fogalmat
és kovetelményeit, maig id6tallé érvénnyel. Ot kovette a kornyezetvédelem tekintetében
két fenntarthatésaggal foglalkozé iskola, Lang Istvan vezetésével a kornyezetvédelmi és
Stafonovits P4l irdnyitdsdval a talajtani-kornyeztvédelmi. Tanitvdnyaik, munkatarsaik
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és kovetSik mind a mai napig meghatdrozok a fenntarthaté mez&gazdasag oktatasaban,
kutatdsdban, tovabbfejlesztésében. Az § eszmei hatdsuk alapjan irédott a Fenntarthaté
szemléletl szant6foldi novénytermesztéstan cimd konyv.

Az alabbiakban a teljesség igénye nélkiil arra a néhany fejezetre hivnam fel a figyelmet,
amely meghatdrozza a fenntarthat6 szemléletet.

A szant6foldi novénytermesztés nem termelési folyamat, hanem adott 6koldgiai kornyezetbe
agyazott kolcsonhatdsok egyiitthatdsa. Ezért fontos vizsgélni az 6koldgiai tényezdk szerepét
a szant6foldi novénytermesztésben. Errdl a témardl egy bséges fejezettel taldlkozik az
olvaso, olyan szemlélettel és ismeretekkel, amellyel a magyar novénytermesztési szakiro-
dalom eddig nem foglalkozott. Ugyancsak korszerd ismereteket kap az olvasé az alapozé
talajmivelés taglalasanal. Attorést jelentenek a fenntarthaté személetben a tipanyag-
gazdalkodds fejezet és a részletes novénytermesztésben adott 4j ismeretek Németh Tamas
és munkacsoportja tollabdl. Tobb évtizedes tragyazasi szemlélet okszer( korrekcidjanak
lehet tandja az olvasé konyviinkben.

A novénysorrend, kettds termesztés szemlélet is jelentGsen eltér az eddig tankonyvekben
megjelent szemlélettd], csakigy, mint a novényvédelem integralt szemléletl bemutatdsa.
Konyviink teljesen szdmiizte az tn. piros szereket, melyek a fenntarthatatlansag legalisan
alkalmazott jelképei.

A vizgazdalkoddssal és a mezGgazdasagi tabldk természetes, telepitett (épitett) és bioldgiai
kornyezetével foglalkozé részek szintén a merében Uj szemléletet kozvetitik a gazdak,
kutatok és hallgatok felé.

Néhany kifejezetten a gyakorlatot, illetve a gyakorlati kutatast segits fejezet mara az alta-
lanos novénytermesztés része. Ezek a termésbecslést, karbecslést, minGségbiztositast és a
gazdalkod4si rendszereket bemutat6 fejezetekben taldlhatok.

Utoljara emlitem a nemesitéssel foglalkoz6 fejezetet. Ez mértékadé és kozérthet6 médon
kivan eligazitani a témdaban.

A részletes novénytermesztéstan a gabonafélékkel kezdSdik és fejezdik be az elsS kotetben.
A masodik és harmadik kotet fejezeteit teljesen atitatja egy Uj tdpanyag-ellatasi rendszer
Arendés Tamds, Csathé Péter és Németh Tamds tollabol.

Hatalmas véllalkozas volt a fenntarthaté novényvédelem termesztett nbvényenkénti anya-
ganak Osszegy(jtése a Nyugat-magyarorszagi Egyetem oktatdinak garddjatol.

Aki fellapozza a konyvet, megtaldlja az alapvet§ ismereteket minden Magyarorszagon
termeszthetd novényrdl. Kiilon ,,mizeumi” anyagban megjelentettiik azon novények termesz-
tésére vonatkozo probalkozasokat, amelyek totalis kudarcba fulladtak — tanulsdgul azoknak,
akik nem mérik fel egy-egy novény okoldgiai amplitidojat, illetve hasznat vagy karat.
Azthiszem, ez a fejezet jelentGsen boviil majd az energianovények korébdl. Szamos, eddig
kézikonyvekben nem szerepl§ témaval foglalkoztunk: méhlegeld, vagy festénovények,
amelyek a bioldgiai diverzitds fenntartdsdban is fontos szerepet jatszanak.

Aki a szant6foldi kertészti kultirdk novényeirdl kivan ismeretet szerezni, az a Fiszer-
novények és zoldségfélék cimd fejezetekben taldlhat meg minden sziikséges informaciot.
A masodik és harmadik kotet hatdra a Takarméanyndvények cimd fejezet.
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A masodik kotetben a gabonafélék (benne Berzsenyi Zoltan Kukorica cim( hidnypé6tlo feje-
zete), a gyok-, €s gumos novények, hiivelyesek, olajipari novények szerepelnek, amelyekrsl
mér el6z8leg széltunk. Nagyon fontos rész az tin. MEM NAK (1979) médszer, valamint
a koltség- és kornyezetkiméld MTA TAKI — MTA MGKI termesztési és szaktanacsadasi
rendszer 0sszehasonlitdsa. A részletes irodalomjegyzék és a szerz6k bemutatdsa csak
rdadés az ismeretek tarhazaban.

Koszonettel tartozom minden munkatdrsamnak; azoknak, akiknek volt elég tudas a tar-
solydban, hogy ezt kozreadjdk, a kiadénak és természetesen a TAMOP — 4.2.1/B-09/1/
KMR-2010-005 projektnek a konyv megjelentetésében nyujtott segitségiikért.

Reméljiik, konyviinkkel sikeriil megdllitani azt a kedvez&tlen folyamatot, amely a KSH
adataibdl kittinik, ugyanis eszerint évrél évre ndvekszik a gyomirt6 szerek, rovardlg
szerek aktiv hatéanyagainak (kg/ha) forgalma. Ez véleményem szerint nem az intenziv
mez6gazdasdg igényei miatt van, hanem a gazdadlkodas hibdinak elfedésére szolgalnak.
Ez pedig messze van a fenntarthat6sdg szemléletétsl.

Dr. Radics Laszlo
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Prediction of skip-jack beetles (Agriotes spp.)
and wireworms by precision methods

TAMAS KOVACS
Dissertation Adviser: Géza Kuroli DSc, professor emeritus

During the elaboration of my PhD thesis I investigated the numbers of swarming imagos of
Agriotes spp. (A. lineatus, A.ustulatus, A. obscurus, A. sputator, A. rufipalpis) in the fields
outside the village Himod near Kapuvar during a period of three years (2005, 2006, 2007)
with the use of YATLOR funnel” (Yf), CSALOMON VARD3 type sex-pheromone traps.
The habitat of skip-jack beetle larvae is the soil, where they feed on grown crops and on
the roots of the weeds as they are polyphagous. Their damage depends on their numbers
calculated per m2. Therefore it is necessary to know their numbers in the soil and if their
numbers reach or exceed the risk threshold (2-3 pcs/m?2). To estimate the numbers of
larvae I used the mechanised quadrate volumetric method (forest drill hole and shovel
bucket dipping). Wireworms occur in most of the cases in clusters. They can be found in
areas chosen by the females that are suitable for egg-laying in groups and offer favourable
ecological conditions for the embryonic development. I marked the sample taking sites
according to the checkerboard pattern and stored them with precision methods. Besides
the samples [ measured the featuring parameters of the habitat among them the soil water
capacity and soil resistance together with the liquid limit fixed by Arany. Further on I
estimated the weed covering particularly the occurrence of field thistle (Cirsium arvense).
Using the method of comparison, statistical evaluation of the range of data acquired
during the 3 years of survey I managed to estimate the connection between the numbers
of wireworms and the measured parameters of the habitat. The economic benefit of the
method is that we can mark the parts of the fields, where it is advisable to carry out soil
disinfection for the sake of preventing damages.

New scientific findings are as follows:

1. T was the first to use species specific sex-pheromone traps to catch swarming skip-
jack beetles in the fields outside the village Himod. Based on the data of catches I
could estimate the determining role of the species A. lineatus, A. ustulatus and A.
sputator. The published data showed that A. obscurus was the dominant species in
the years of 1960-70.
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. I could observe that swarming peaks of the species Agriotes lineatus, A. ustulatus

and A. sputator happened in the last decade of May, although there were some little
differencies. A. ustulatus did not show any swarming peaks.

. Among the larvae of Agriotes species Agriotes lineatus dominated in all three years,

but the dominancy of A. obscurus larvae was very low similarly to the imagos.

. The ditcher is most suitable for sample taking under natural conditions, because we

can estimate the numbers of wireworms that live in the soil more precisely and it
does not damage the wireworms lifted together with the soil.

. The low constancy of the wireworms and their variable abundance on the sampling

sites prove their cluster-like spreading in the soil.

. In all three years I could confirm a close positive correlation between the numbers

of wireworms and the weed covering (Cirsium arvense).

There is a strong positive correlation between the numbers of soil living larvae and
the soil water capacity. Soils of a water content of higher than 60 V/V% are more
optimal for the living conditions of wireworms than those lower than 40 V/V%.

. Based on the liquid limit fixed by Arany and the values of soil resistance there is a

negative correlation between the soil resistance and the density of the wireworms.

. Based on the research results and with the use of statistical methods we can estimate

the localisation of the numbers of wireworms in the soil, which can greatly influence
the needs for soil disinfection.

10. If we apply precision crop growing we should take into account the localisation of

wireworms and as a result we can save significant costs of operation.
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Improvement of economic efficiency of slaughter pig production
with utilizing by-products from arable crops processing
for energetic purposes

RICHARD MARKUS
Dissertation Advisers: Imre Tell, PhD, associate professor and
Tamds Toth, PhD, associate professor

Concerning the use of by-products (rapeseed cake, DDGS) obtained from the biofuel
(bioethanol and biodiesel) industry, numerous feeding trials with animals have been
conducted up to now worldwide. Doing our own research work, there were 120 Hungarian
Large x Hungarian Landrace x Seghers pigs examined in feeding trials. Feeds used in
these trials (fattening I. and II. phases) contained 6.8% and 8.5% of rapeseed cake, as
well as 8.4% and 10.5% of DDGS. Through utilizing rapeseed cake and/or DDGS, the
soybean meal — as a basic component of fodder mixture — was highly substituted by these
by-products. Furthermore, feed supplements (e.g. L-lysine HCL) — in order to ensure the
same nutrient content of the experimental mixtures — have been used, as well. The overall
conclusion that can be drawn is that the use of these by-products — under the conditions
required — is an effective tool of improving competitiveness of slaughter pig production.
New scientific findings are as follows:

1. The partial substitution of extr. soy with rapeseed cake and DDGS has no unfavourable
effect on the performance of fattening. Treatments had no significant impact on carcass
quantity, while seasonal effects (P < 0.01) influenced it sharply.

2. Relying upon the cost to income calculations of our own experimental findings, the
rapeseed cake does not improve the economic efficiency of slaughter pig production,
but DDGS improves it considerably.

3. The application is only recommended optionally, as the development of cost-revenue
relations is significantly influenced by the extent of substitution and/or the change
in (resource) prices. The use of our own model indicates how the gross profit margin
ratio can be improved according to the increasing DDGS/rapeseed cake levels in
mixtures, as a result of the more favorable economic (cost to income) circumstances.

4. The results of the actual research and the simulation model highlighted that further
research should be carried out to investigate the application possibilities of "DDGS”
separately, or examinations on the application possibilities of "DDGS” combined
with oilseed cake are reasonable.
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Development of a biological preservative of good efficacy
for the preservation of medium and hard fermentable forages

ESZTER RIGO
Dissertation Adviser: Jdnos Schmidt, MHAS, professor emeritus

Roughages play an important role in the feeding of ruminants both in terms of nutrition
physiology and economics. However the majority of feeds at harvest are not in air-dry
state, so it is necessary to preserve them until use. One possible way of preservation is
the fermentation. However, for this the natural fermenting ability of some forage shall be
improved by using additives (e.g. biological preservative). The use of biological preservatives
is spreading nowadays, to improve the natural fermentation capability of forages.
The objective of the dissertation was to develop an efficient carbohydrate-based biological
preservative, which is suitable for the production of good quality and stable silages from
moderate and hard fermentable green forages, with a high security, low losses and a good
lactic acid:acetic acid ratio.
Because feedstuffs, rich in fermentable carbohydrates are not available in sufficient quantities
in our country, we designed to provide the necessary carbohydrates by the enzymatic
breakdown of corn starch. We planned to do it not "in situ" in the silo, but under controlled
conditions (temperature, pH). Later on the hydrolyzed and dried corn meal product shall be
added to the green alfalfa or grass before ensiling. The energy demand of enzymatic hydrolysis
is greatly affected by the amount of energy, used for heating up the water to 90 °C, added
prior to the corn meal for setting the DM content of the medium. Most of this energy can be
saved if we use e.g. hot whey (80—85 °C), a by-product of the ricotta cheese manufacturing,
instead of water for adjusting the DM of the medium. In addition to energy efficiencies, this
also has the advantage that the fermentable sugar content of the hydrolysate can be further
increased. When determining the whey proportion of the mixture we assumed that the lactose
content of the ricotta whey should increase substantially the reducing sugar content of the
preservative, but the DM content of the mixture should not exceed 30%. A proportion of 1
kg corn meal and 2.5 kg whey proved to be favourable. Next to the carbohydrate components
(hydrolyzed corn meal and ricotta whey) another essential component of the preservative
designed is the freeze-dried bacteria culture, which is responsible by changing the racial
composition of the epiphyte microflora for the control of the fermentation process.
The fermentation dynamic experiments were performed with green alfalfa and grass wilted
of varying degrees. In these experiments we examined the effect of bacterial inoculation
combined with hydrolyzed corn meal supplement and with hydrolyzed corn meal and ricotta
whey supplement on the fermentation parameters in the function of fermentation time.
Based on the results of the investigations the following new scientific results can be stated:
1. Developed a combined enzymatic hydrolysis procedure by which 90% of the corn
starch can be broken down into reducing sugars within 20 hours.
2. Developed a procedure for the use of the ricotta whey, a by product of cheese making,
as a silage aid.
3. Based on hydrolyzed corn and ricotta whey developed an efficient biological preservative
for the preservation by ensiling of the medium and hard fermentable green forages.
4. In fermentation dynamic experiments determined the dry-matter dependent dose of
preservative, by which from green alfalfa or grass a stable silage of low losses and
of favourable lactic acid:acetic acid ratio can be produced.
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A survey of employment trends in cattle raising farms

ANIKO VARI
Dissertation Advisers: Antal Tenk, CSc, professor emeritus and
Tibor Veszeli, CSc, professor emeritus

Cattle breeding is a significant and decisive branch of agriculture with strategic importance
both in Hungary and in the world.

Large scale cattle raising takes place in farms with modern conditions and of technologically
— technically high standards. Due to sector- and plant management and planning tasks
attention is concentrated on the efficiency of human resource management.

In Hungary a significant quantity of milk is produced in specialized agricultural farms
which were established 30—40 years ago with a technical and architectural structure and
management typical for the time. They have been only restructured sometimes instinctively
in response to the force of quickly changing conditions and circumstances.

Considering the present trends problems in connection with employment in cattle raising
farms may arise in the long run (within 10-15 years) but even in the short run (within 3-5
years) as well which may make the development of milk production, in extreme cases its
maintenance untenable.

Powerful influences of social processes can be felt in the cattle raising plants analyzing
the indicators of age and qualification of the employees. These trends are intensified by
those rooting from the character of the jobs and their circumstances. At sectoral and plant
level tremendous human resource reserve is to be exploited with purposeful management of
work, plant management and training in order to maintain the competitiveness of the sector.
The scientific results of the research are the follows.

1. The methodology of the survey what is the complex order of analysis of employment it
contains the analysis of demographic data, the survey referring to training, the survey
and analysis of work done and research on personal references, attitude, motivation
and expectations with the help of questionnaires.

2. Cattle raising farms total up to a major part of milk production, their employees
compared to national demographic average show significant ageing. This situation
within 3-5 years may threaten to maintain production unless this trend changes.

3. Employees’ motivation and system of expectations show though they belong to a
socially sensitive and utterly vulnerable layer it is not the material disbursement what
matters first for them. It is rather the content of work and working with animals their
closeness what counts. This being recognized is of significant importance in motivation
and recruiting new employees.

4. Four job groups can be separated in cattle raising farms which contain those jobs
which are considered to be homogeneous regarding their content, conditions, economic
goals impact on production and the scope of knowledge necessary to perform tasks
these are jobs in connection with milking (animal products) farm or farm manage-
ment. Practical utility of job groups (activities) in labour force planning and human
resource development strategy is significant.
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5. The research defined the frequency and significance of work activities, the number of
workers carrying out the activities that is the degree of specialization in cattle raising
farms in Hungary. Accordingly it is necessary to separate almost each general or
special activity done by each employee or group of employees the scopes of activities.

6. The comprehensive analysis of vocational training shows that trainings providing
qualifications for employees at cattle raising farms pose only as possibilities but their
realization in time and content is unbalanced and does not serve labour force supply.
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Improving N-3 fatty acid content of bovine milk by feeding

ERNA VISZKET
Dissertation Adviser: Tamds Toth, PhD, associate professor

Some important nutrient contents and the fatty acid profile of bulk milk samples delivered
to a cheese factory located in western part of Hungary were evaluated in a 2-year-long
study. Results confirmed that milks from Hungarian cattle farms appear to be lower in
nutritionally beneficial n-3 fatty acids (e.g. linolenic acid-C18:3; docosapentaenoic acid
C22:5) and ¢9,t11-C18:2 (conjugated linoleic acid, CLA) compared to international scientific
literature. In situ and rumen fermentation model studies were carried out using two fish oil
based omega-3 products produced by different coating technology. The efficiency of rumen
protected supplements with special fatty acid compositions was evaluated using different
preserved fodder based diets (maize silage-alfalfa haylage; grass haylage-alfalfa haylage)
in dairy cows feeding. It was stated, that the experimental diets significantly (P < 0.05)
improved the rate of the most important n-3 fatty acids (e.g. C18:3, C20:5, C22:5) and the
tested CLA isomers (e.g. c9,t11-C18:2; t10,c12-C18:2) in milk fat. The high concentration
of trans-fatty acids (TFA) measured after feeding experimental diets showed a gradually
decreasing trend. This draws attention to the experiments of which aim is to modify the
fatty acid composition of milk it is advisable to use longer experimental period.

New scientific findings are as follows:

1. For each of the seasons statistically proved differences were found in the fatty acid
compositions of bovine bulk milk samples examined during different periods of years
(spring, summer, autumn, winter) regarding all the saturated fatty acids (SFA) analyzed
— except for heptadecanoic acid (C17:0) — and in respect of linoleic acid (C18:2) and
eicosatrienoic acid (C20:3) levels of the polyunsaturated fatty acids (PUFA).

2. According to the results of in situ experiments the omega-3 fat product II developed
by a special coating technology showed 70.5% effective fat stability. No unfavourable
effect was detected on some parameters of ruminal fermentation (pH, NH3, short-
chain fatty acids, SCFA concentration) when the amount of 2.2% in daily DM intake
of omega-3 fat product II was applied.

3. Besides feeding of grass haylage-alfalfa haylage-corn meal based diet the 0.5 kg/day
unit of the fish oil based omega-3 product II significantly (P < 0.05) improved the rate
of the n-3 fatty acids and the tested CLA isomers in the milk fat. The experimental
diet had no negative effect on the organoleptic properties (smell, taste, colour) of the
pasteurized milk samples.

4. In experiments aiming to modify the fatty acid composition of milk longer experi-
mental periods (10 weeks or longer) are suggested to set up, because in the early phase
of the trials trans vaccenic acid (t11-C18:1) and elaidic acid (t9-C18:1) appearing in
an extremely high concentration showed a gradually decreasing tendency during the
experimental period lasting for 10 weeks.
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