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A b s t r a c t

During exclusion of the land from market production for two vegetation seasons the highest
energy outlays were incurred for maintaining the black fallow and the lowest for the herbicide fallow.

In winter wheat production technique the highest energy outlays (15 800 MJ ha-1) were incurred
in materials. In the group of outlays for materials, 66.4% were fertilizers, 31.4% the sowing material
and just 2.2% the plants protection media. The second largest flow of energy outlays consisted
of energy carriers at 1754.1 MJ ha-1, among which the largest shares were those of soil cultivation
54.3%, harvest 17.9% and crops cultivation 13.2%. Tractors and machines were the third largest
energy consumers group (731.1 MJ ha-1), where the demand structure was as follows: 35.5% harvest,
34.5% soil cultivation and 15% crops cultivation, fertilization 9.2% and sowing 5.8%. Among the
agricultural technique components, fertilization and sowing had the largest share representing
respectively 58.0% and 27.8% of all outlays.

Among the compared three-field rotation system components, the highest energy efficiency
coefficient of 9.9 was achieved while cultivating winter wheat after two-years of red clover, which was
coupled with the lowest energy outlays for production of 1 cereal unit. The lowest energy efficiency
coefficient (5.4) was achieved in the crops rotation system component of black fallow – black fallow
– winter wheat.

OCENA ENERGETYCZNA RÓŻNYCH SPOSOBÓW DWULETNIEGO UGOROWANIA
I UPRAWY PSZENICY OZIMEJ

Marek Marks, Przemysław Makowski, Krzysztof Orzech

Katedra Systemów Rolniczych
Uniwersytet Warmińsko-Mazurski w Olsztynie

S ł o w a k l u c z o w e: ugór, przedplon, pszenica ozima, wskaźnik efektywności energetycznej.
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A b s t r a k t

Podczas wyłączenia gruntów z produkcji towarowej na dwa sezony wegetacyjne najwyższe
nakłady energetyczne poniesiono na utrzymanie ugoru czarnego, a najniższe – ugoru herbi-
cydowego.

W technologii produkcji pszenicy ozimej największe nakłady energii (15 800 MJ ha-1)
pochłonęły użyte materiały. W grupie nakładów materiałowych 66,4% stanowiły nawozy, 31,4% –
materiał siewny, a jedynie 2,2% – środki ochrony roślin. Drugim w kolejności strumieniem
nakładów energii były nośniki energii – 1754,1 MJ ha-1, a największy ich udział przypadał na
uprawę roli – 54,3%, zbiór – 17,9% i pielęgnację – 13,2%. Trzecim w kolejności odbiorcą energii były
ciągniki i maszyny (731,1 MJ ha-1), gdzie struktura zapotrzebowania rozkładała się następująco:
35,5% przypadało na zbiór, 34,5% – na uprawę roli, 15% – na pielęgnację, nawożenie – 9,2% i siew –
5,8%. Wśród ogniw agrotechniki największy udział miało nawożenie i siew, osiągając odpowiednio
58,0 i 27,8% wszystkich nakładów.

Z porównywanych trójpolowych członów zmianowania najwyższy wskaźnik efektywności ener-
getycznej, wynoszący 9,9, stwierdzono uprawiając pszenicę ozimą po dwuletniej koniczynie czer-
wonej, odnotowano przy tym najmniejsze nakłady energii na produkcję 1 jednostki zbożowej.
Najniższy wskaźnik efektywności energetycznej (5,4) uzyskano w ogniwie zmianowania: ugór
czarny – ugór czarny – pszenica ozima.

Introduction

In view of many centuries of agricultural science and practice, the fallow
had and still has a well-established position. Already in primitive farming
systems it formed an inseparable component of crops rotation system
(NOWICKI et al. 2007). After accession of Poland to the European Union
Structures and introduction of direct subsidies, agricultural producers are
required to observe the minimum conservation requirements for agricultural
land (Rozporządzenie Ministra... 2004). According to the regulation by the
Minister of Agriculture and Rural Development (2007), the requirements
concerning lying arable land fallow are considered satisfied if it was subject to
cultivation but was not sown with a crop for a period exceeding 6 months or
was covered with vegetation and was subject to at least one mowing before
July 30 (Rozporządzenie Ministra... 2007). The method of conservation of
soils temporarily excluded from cultivation (fallow) should secure the most
favorable conditions of following market production on them (NOWICKI et al.
2007). Optimization of fallow method from the economic perspective is no less
important.

This paper aims at assessment of energy efficiency of different methods
of two-year fallow use as forecrop for winter wheat in three-fields system
of rotation fallow – fallow – winter wheat.

Marek Marks et al.188



Material and Methods

The results of studies on the basis of which the appropriate computations
were made come from a closed field experiment conducted during the years
2003–2006 at the Experimental-Production Farm in Bałcyny. The field experi-
ment was established on gray-brown podzolic, medium dusty soil, with gley
underneath. The base is light clays without structure containing up to 26%
of floatable fraction and up to 17% of dust fractions. The surface level of mollic
type contained around 23% of floatable parts and 12% of dust fractions. The
soil was characterized by slightly acid reaction (pHKCL 5.2–6.2) and medium
content of organic substance (1.3–1.9%). As concerns agricultural suitability it
was classified to use class IIIa and goof wheat complex 2.

In the experiment established every year on the field after winter wheat, six
three-field rotation system components were analyzed encompassing the
following plants and sequence of crops:
– spring rape – pea – winter wheat (control field),
– black fallow – black fallow – winter wheat,
– herbicide fallow – herbicide fallow – winter wheat,
– fallow sown with red clover – winter wheat,
– fallow sown with Italian ryegrass – winter wheat,
– fallow sown with the mix of red clover and Italian ryegrass – winter wheat.

The black fallow was maintained using the soil miller. The milling was done
at the time when weeds reached the height of around 10–15 cm or covered
a significant part of soil surface. The herbicide fallow was maintained on
a similar principle as the black fallow, Instead of milling spraying with
Roundup 300 SL herbicide at 3 dm3 ha-1 was applied. During the second year of
use the last mowing of red clover, Italian ryegrass and the mix of red clover and
Italian ryegrass was ploughed as green fertilizer.

Zyta cultivar winter wheat was sown during the second decade of Septem-
ber at quantities assuring the number of plants after seedling development at
500 plants m-2, i.e. around 275–280 kg ha-1.

Aiming at determination of forecrop value of the fields for winter wheat the
decreased nitrogen fertilization was applied that totaled 120 kg N ha-1.
Fertilizer dose was divided into two parts applying the first one at 80 kg N ha-1

in the spring at the time when vegetation started in the form of 46% urea and
the second one at 40 kg N ha-1 in the form of 34% ammonium nitrate at full
tillering of the wheat.

For winter wheat protection against agrophages during individual years
of studies spraying with preparations available in the market was applied
according to the recommendations by the Institute of Plant Protection
in Poznań.

Assessment of Energy Requirements... 189



The conducted energy balance for fallow and winter wheat cultivation
encompassed: energy outlays according to flows: labor, materials (fertilizers,
means of plants protection, sowing material), machines and tractors, energy
carriers (fuel), energy outlays according to stages of agricultural technique
(soil cultivation, sowing, fertilization, cultivation, harvest), energetic value of
production, unit energy outlays and energy efficiency.

Aiming at elimination of year-to-year variation the average yields of seeds
of spring rape and pea, winter wheat grain as well as green mass of red clover
and Italian ryegrass obtained during the years 2003–2006 were assumed for
the basis of economic assessment. The energy efficiency analysis was carried
out by applying the method described by WIELICKI (1989), and recommended
by FAO. In determining the energetic value of the harvest it was assumed that
1 kg of green mass is equivalent to 0.71 MJ or 1 kg of dry mass to – 18.36 MJ
(WÓJCICKI 1981). The volume of outlays accumulated in means of production
(materials) was determined according to the actual consumption of fertilizer,
sowing material and plant protection preparations.

The level of energy outlays resulting from use of tractors and machines in
the production process was determined by multiplying the unit material
consumption of the equipment piece by the equivalent set at 112 MJ kg-1.
Human labor was calculated assuming after PAWLAK (1989) the standard
of 40 MJ work h-1. The volume of fuel and other materials and means of
production consumed were converted to MJ using for that purpose the
applicable accumulated energy coefficients applied in energy balance of plant
production (WÓJCICKI 1981, MACIEJKO 1984, WIELICKI 1986, ANUSZEWSKI 1987,
GOĆ, MUZALEWSKI 1997, WIELICKI 1989): nitrogen fertilizers (1 kg N) – 77 MJ,
phosphorus fertilizers (1 kg P2O5) – 15 MJ, potassium fertilizers (1 kg K2O)
– 10 MJ, plant protection media (1 kg of active substance) – 300 MJ, seeds of
small seed legume plants and grasses (1 kg) – 30 MJ, seeds of oil and
leguminous plants (1 kg) – 24 MJ, sowing seeds of winter wheat (1 kg) –
16.0 MJ, liquid fuel (1 kg) – 48 MJ.

The energy efficiency index (Ee) was computed according to the formula:

Ee =
Pe

Ne

where:
Pe – energetic value of the obtained crop yield per ha, MJ,
Ne – energy outlays incurred to obtain the yield per ha.

Marek Marks et al.190



Results

The highest energy outlays were made for keeping the control object where
sowing pea was the element of rotation in the production cycle and winter rape
during the second year (Table 1). In total they were 30 533.5 MJ ha-1, and
materials used for production in the form of fertilizers, plant protection mean
and sowing material were the largest component according to the energy flows
(79.5%). Among the compared variants of two-year fallow use the black
fallow was the most energy intensive variant where the energy outlays were
9979.7 MJ. They were, however, lower by 67.3% as compared to the control
object and in the structure of expenditures energy carriers were the largest
component (76.6%) followed by tractors and machines 16.0% and labor 7.7%.
Objects after Italian ryegrass and the mix of Italian ryegrass and red clover
followed with almost identical energy outlays. The structure of energy flows
was similar and energy carriers had the largest share in them. During two
years of fallow use, the lowest energy outlays were incurred for maintaining
the herbicide fallow. Those outlays represented only 12.5% of those on
cultivation of pea and winter rape on the control object and energy carriers
(50% of all outlays) and materials – 34.0% were the main flows.

As concerns the operations of agricultural technique the largest energy
outlays required for cultivation of pea and winter rape (control object) where
those on fertilization 59.8% while soil cultivation represented 12.3% only. The
remaining operations (sowing, cultivation and harvest) together represented
27.9% of the outlays (Table 2).

Among the compared fallow use methods, black fallow was the most energy
intensive one where 100% of energy outlays were those on soil cultivation (the
group of post-harvest operations following the harvest of forecrop and several
milling operations), of which 60.1% of outlays were made during the first and
39.9% during the second year of fallow use. In all variants of two-year green
fallow use cultivation of soil was also the dominating component of agricultural
technique in he overall balance of energy outlays because in different variants
of maintaining the soil in effective condition no fertilizers were applied. In the
structure of energy outlays it ranged from 54.1% on objects after Italian
ryegrass and the mix of red clover with Italian ryegrass to 57.6% in case of
keeping the fallow with red clover. In case of the least energy intensive fallow
use, the herbicide fallow the highest share in energy outlays was also that on
soil cultivation at 52.8%.

In winter wheat production technology the highest energy outlays
(15 800 MJ ha-1) were those on materials used (Table 3). In the group
of material outlays fertilizers represented 66.4%, sowing material 31.4% and
plant protection means 2.2% only. The second highest flow of energy

Assessment of Energy Requirements... 191
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outlays was that consisting of energy carriers at 1754.1 MJ ha-1, and the
highest share among them was that of soil cultivation 54.3%, harvest 17.9%
and crop cultivation 13.2%). The third group of energy consumers were
tractors and machines (731.1 MJ ha-1), where the demand structure was as
follows: harvest 35.5%, soil cultivation 34.5%, crop cultivation 15%, fertiliz-
ation 9.2% and sowing 5.8%. Labor is the last flow of energy outlays. In case of
winter wheat production it was computed at the level of 196.6 MJ ha-1.

It was established that fertilization consuming 58% of total energy outlays
was the most energy intensive operation in winter wheat production consum-
ing 58% of the total energy outlays. Sowing ranks second at 27.8% of outlays
(because of the sowing material used) and they are followed by soil cultivation
at 7%, crop cultivation at 3.9% and harvest at 3.2%.

Energy efficiency is a synthetic indicator as the ratio of energy accumulated
in the yield to the energy input. In average in the studied segments of crop
rotation system that indicator was at a very high level (Table 4). The highest
production efficiency index at 9.9 was found in the rotation system of red
clover – red clover – winter wheat. It was found at the same time that this
system was characterized by the lowest energy outlays for production of
1 cereal unit.

The second place in the ranking based on production effectiveness was
taken by the rotation system involving two years of red clover cultivation
in the mix with Italian ryegrass – winter wheat. The third place was
taken by herbicide fallow (for two years) – winter wheat where the energy
efficiency index was 6.3. The energy outlays for production of 1 cereal
unit were the highest in the system of two years of black fallow followed
by winter wheat at 336.0 MJ cereal unit-1.

Discussion

In market economy every production undertaking (agricultural or non-
-agricultural) can be considered rational on condition that it was verified
through economic calculation and subjected to assessment in the aspect
of expected negative and positive consequences for the surrounding environment
(WOŚ 1992).

Plant production technologies currently applied in practice differ in the
level of consumption of yield generating means, i.e. production intensity,
and making the energy balance allows the optimal choice of such technologies.
The assessment of production technologies applied in most cases is limited
to production-economic criteria to which the energy balance could be a com-
plement (MACIEJKO 1984). High comparability of results indifferent of the
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relations of prices is its particular advantage. It can be applied for assessment
of energy intensity of individual agricultural technology operations, e.g. soil
cultivation (GONET, ZAORSKI 1988, GONET 1991, KORDAS 1999), fertilization
(NASALSKI 2001), technique of cultivation of selected crops (WIELICKI 1986),
crops rotation systems, and even entire farms (ORLIŃSKI 1986, PAWLAK 1989).

Among agricultural technology operation, the highest energy outlays were
related to fertilization. According to NASALSKI (2001) fertilization is the basic
factor determining the economic effectiveness of agricultural production. It is
a significant yield-generating factor and at the same time it has a significant
share in the structure of outlays and costs of production. High-energy outlays
related to soil cultivation were reported by GONET and ZAORSKI (1988), GONET

(1991) and KORDAS (1999),
Energy efficiency characterized by the index expressing the relation be-

tween the energy contained in the harvest and the energy outlays made in the
process of production is also an important criterion of economic nature applied
in analysis and assessment of production. WIELICKI (1989) reports that under
average conditions of farming four units of energy of product produced should
be generated per one unit of energy outlays. In the tested two-field segments
of rotation system that indicator exceeded those value in every case.

Conclusions

1. In two-year cycle of fallow maintenance the highest energy outlays
were incurred for maintenance of black fallow and the lower in case of
herbicide fallow.

2. The energy outlays for winter wheat cultivation were dominated by
materials (fertilizers, means of plants protection, sowing material) represen-
ting as much as 85.5% of the total. As concerns the agricultural technique
operations the highest share was that of fertilization and sowing representing
58.0% and 27.8% of all the outlays respectively.

3. Among the six compared three-field elements of crops rotation the
highest energy efficiency index (9.9) was characteristic for the system red
clover – red clover – winter wheat offering at the same time the lowest
energy outlays for production of 1 cereal unit. The lowest energy efficiency
index (5.4) was recorded for the rotation system of black fallow – black
fallow – winter wheat.

Translated by JERZY GOZDEK
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A b s t r a c t

The objective of this study was to determine the quality of meat from pigs housed on litter and in
litterless pens and fed during the fattening period (from 48 kg to 105 kg bw) complete diets and
complete diets supplemented with green forage. Hybrid growing-finishing pigs [ ( Polish Landrace
x Polish Large White) x ( Pietrain x Duroc)] were divided into 4 experimental groups, each
of 12 animals. M. longissimus dorsi samples were collected from pig carcasses for an analysis
of proximate chemical composition and physicochemical properties. It was found that the applied
feeding and housing conditions had no significant effect on the chemical composition and quality
of pork (m. longissimus dorsi).

JAKOŚĆ MIĘSA W ZALEŻNOŚCI OD SPOSOBU UTRZYMANIA
I ŻYWIENIA TUCZNIKÓW

Krzysztof Karpiesiuk, Janusz Falkowski

Katedra Hodowli Trzody Chlewnej
Uniwersytet Warmińsko-Mazurski w Olsztynie

S ł o w a k l u c z o w e: mięso wieprzowe, podstawowy skład chemiczny, ocena fizykochemiczna.

A b s t r a k t

Badano jakość mięsa świń utrzymywanych w kojcach ściołowych lub bezściołowych i żywionych
w okresie tuczu (od 48 kg do 105 kg) mieszanką pełnoporcjową lub mieszanką pełnoporcjową
i dodatkowo podawaną zielonką. Tuczniki mieszańcowe [ ( polska biała zwisłoucha x wielka
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biała polska) x ( pietrain x duroc)] podzielono na 4 grupy doświadczalne po 12 sztuk w każdej.
Z tusz tuczników pobrano próbki mięśnia najdłuższego grzbietu (m. longissimus dorsi) do analizy
podstawowego składu chemicznego i oceny fizykochemicznej. Nie stwierdzono istotnego wpływu
zastosowanych sposobów żywienia i utrzymania na skład chemiczny oraz jakość mięsa mięśnia
najdłuższego grzbietu (m. longissimus dorsi) tuczników.

Introduction

Meat quality is affected by both genetic and environmental factors. The
main indicators of meat quality, which determine its processing suitability and
eating attributes, are acidity, color (including uniformity and stability), water-
-holding capacity, water-binding capacity, emulsifying and gelling properties,
shelf-life, production yield, appearance (color and marbling), texture (tender-
ness and juiciness) and palatability (KOĆWIN-PODSIADŁA, KRZĘCIO 2005). Gen-
etic factors are believed to be responsible for meat quality in 30%, whereas
environmental factors, i.e. management conditions, pre-slaughter handling,
slaughter and post-slaughter procedures – in 70% (KOĆWIN-PODSIADŁA 1993).
The quality of meat and meat products has become an important consideration
in recent years. Efforts to improve production results through raising welfare
standards (access to bedding and roughage) are appreciated by consumers who
are ready to pay more for organic pork.

Available Polish literature provides information on the impact of different
genotypes on the quality and processing suitability of meat (FLORKOWSKI et al.
2007, FLORKOWSKI et al. 2008), as well as on the influence of feeding schemes
on the rate of changes in blood biochemical parameters (FALKOWSKI, RAUBO

2007, KLUCZEK, KLUCZEK 2008, MIGDAŁ et al. 2003, REKIEL 2008). However,
only a few studies have investigated the combined effects of roughage (green
forage, hay-silage, alfalfa silage), housing systems and feeding regimes on
fattening results, carcass quality and animal welfare (KAPELAŃSKI et al. 2004,
KOZERA 2007, KARPIESIUK, FALKOWSKI 2008a, 2008b). Therefore, the objective
of the present study was to analyze the chemical composition and
physicochemical properties of meat from hybrid growing-finishing pigs as
dependent on the applied housing and feeding system.

Materials and Methods

Samples were collected from the carcasses of 48 hybrid growing-finishing
pigs produced by simple four-breed crossing [ ( Polish Landrace x Polish
Large White) x ( Pietrain x Duroc)]. Experimental animals were se-
lected by the analogue method, based on body weight, age and sex. Pigs were
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divided into 4 experimental groups, each of 12 animals, and were placed in
pens (4.2 m x 3.6 m), according to the following design: group I (control)
– litterless housing (solid floor), a complete diet offered ad libitum; group II
– litterless housing (solid floor), a complete diet offered ad libitum, supple-
mented with alfalfa meal; group III – shallow litter, a complete diet offered ad
libitum; group IV – shallow litter, a complete diet offered ad libitum,
supplemented with alfalfa meal. All pigs were fed complete balanced cereal-
soybean diets, in accordance with Normy żywienia świń... 1993, offered ad
libitum from self-feeders. Pigs of two experimental groups received also
alfalfa meal in the amount of approximately 5 kg, off the floor, in the morning
and evening.

Slaughter and a carcass analysis were carried out in accordance with the
relevant provisions. Meat content was determined on hot hanging right
half-carcasses, using UltraFom 300. Carcasses were graded under the
EUROP classification system (Polish Standard Mięso w tuszach... PN-91/A-
82001/A1/1995). A fragment of m. longissimus dorsi was taken for
a physicochemical analysis. LD samples were collected at the level of the 1st

– 3rd lumbar vertebra. pH45 and pH24 were measured using a pH-meter (POL-
-EKO-APARATURA) and a Double Pore glass-combination electrode (Hamil-
ton). Pork color parameters, i.e.: L* – lightness, a* – redness, b*- yellowness,
were determined with the use of a Minolta CR colorimeter. Measurements
were performed on fresh samples collected together with samples for
a physicochemical analysis. Pork samples were assayed for the content of: dry
matter (Mięso... PN-ISO 1442:2000), total protein – by the Kjeldahl method
(Produkty... PN-75/A-04018/Az3:2002), crude fat – by the Soxhlet method
(Mięso... PN-ISO 1444:2000) and crude ash (Mięso... PN-ISO 936:2000). The
water-holding capacity of meat (i.e. the ability to retain own water) was
determined by the method proposed by GRAU and HAMM (1952), modified by
POHJ and NINIVARA (1957). The analyses were conducted at the Department
of Commodity Science and Animal Raw Material Processing, University
of Warmia and Mazury in Olsztyn.

The results were validated statistically. The significance of differences
between the mean values of the analyzed parameters in experimental groups
was estimated by a two-factorial analysis of variance and Duncan’s test. The
relationships between selected quality attributes of m. longissimus dorsi
were determined by a cluster analysis, as described by STRZELECKI (2004).
Calculations were performed using STATISTICA PL ver. 7.0 software.
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Results and Discussion

The results of a physicochemical analysis of pork are presented in Table 1.
There were no statistically significant differences between groups as regards
the chemical composition of meat contained in m. longissimus dorsi. The
content of meat components (except for fat) was at a similar level in all
experimental groups. Dry matter content ranged from 25.98% in group 4 to
26.16% in group I (control), while total protein content – from 23.44% in group I
to 23.66% in group II. Pork fat content was affected by the housing system.
Meat from pigs kept on litter contained less crude fat (1.40% in group IV and
1.29% in group II). The fat content of meat from pigs placed in litterless pens

Table 1
Proximate chemical composition and physicochemical properties of m. longissimus dorsi of experi-

mental pigs

Litterless housing Shallow-litter housing

complete complete
diet diet

supplemented supplemented
with green with green

forage forage

complete complete
diet diet

group I
(control)

group II group III group IV

Statistical
measure

Specification Unit

Dry matter % x̄ 26.16
s 0.48

26.01
0.60

25.99
0.49

25.98
0.29

Total protein %
x̄ 23.44
s 0.41

23.66
0.48

23.52
0.87

23.64
0.55

Crude fat % x̄ 1.68
s 0.54

1.58
0.55

1.29
0.20

1.40
0.42

Ash % x̄ 1.087
s 0.025

1.092
0.014

1.082
0.035

1.096
0.081

pH45
x̄ 5.99
s 0.18

5.95
0.22

5.89
0.29

5.97
0.21

pH24
x̄ 5.29
s 0.19

5.22
0.09

5.27
0.16

5.22
0.12

Water-holding capacity cm2 x̄ 8.20
s 0.80

7.99
0.47

7.74
0.64

8.03
0.43

Color lightness L* 1 x̄ 55.90b

s 2.69
56.93Aa

2.39
55.60B

2.39
55.33B

2.81

a* 1 x̄ 0.119B

s 1.188
0.299b

1.076
0.677Aa

1.323
0.165b

0.838

b* 1 x̄ 10.41
s 0.851

10.31
1.003

10.34
0.968

10.14
0.972

A, B – P ≤ 0.01
a, b – P ≤ 0.05
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was 1.58% in group II and 1.68% in group I (control). However, the above
differences were non-significant. According to KOŁACZ et al. (2004), differences
in the content of dry matter, intramuscular fat and protein in pork may be
affected by, among others, carcass tissue composition. Scandinavian re-
searchers (JOHANSSON et al. 2002), who investigated the effect of genotype and
red clover silage as a feed supplement on the fat content and fatty acid
composition of pork loin, reported similar values of dry matter content (from
25.9% in the group fed red clover silage to 26.2% in the group fed a complete
diet), and lower values of total protein content (20.3–20.6), in comparison with
the present study. The cited authors noted a higher fat content of pork,
ranging from 1.7% (pigs fed a diet supplemented with red clover silage) to 2.2%
(pigs fed a standard diet). The value in the group receiving a roughage-
-supplemented diet was highly significantly lower. It should be stressed that
in this group the energy content of the ration was by around 2% lower than in
the control group.

Based on active acidity measurements (pH45 from 5.89 to 5.99), none of the
samples was identified as PSE or partially PSE (Table 1). The measurement
of pH24 enables to eliminate DFD pork whose pH is higher than 6.2. Normal-
-quality meat has pH in the range of 5.5–5.8 to 6.0 within 24 hours post
mortem (KORTZ 2001). In this experiment pH24 ranged from 5.22 in group 2
to 5.29 in group 1, thus indicating the absence of DFD pork.

Water-holding capacity (WHC) is defined as the ability to retain the water
contained in meat, mostly by proteins and tissue fibrillar structures. WHC is
also an indicator of the processing suitability of meat. A low WHC may result in
high weight loss due to drip loss during storage and distribution. In our study,
pork from group 3 pigs had the highest WHC (7.74 cm2), while the lowest WHC
(8.20 cm2) was noted in pork from control group pigs fed a complete diet and
kept in litterless pens. RASSMUSSEN et al. (1996), as cited in KSOBIAK et al.
(2005), demonstrated that an unacceptably high drip loss may be caused by
muscle protein denaturation, chill shrinkage and low pH levels.

KOZERA (2007) studied the influence of two different housing (indoor and
free-range) and feeding (a complete diet and a silage-supplemented diet)
systems on fattening results, pig behavior and carcass quality. The above
systems were found to have no significant effect on the majority of the
analyzed parameters. A trend towards a lower fat content of pork from
free-range pigs was only observed, although the values noted in most of the
experimental groups were higher than those obtained in our experiment.
The percentage protein content of pork was by approximately 2% lower than in
the present study. In the cited experiment, the lean meat content of carcasses
was high (approx. 54%) in all experimental groups. The values of WHC were
also higher in experimental groups in the above study. The highest WHC
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(8.90 cm2) was observed in the group of pigs kept indoor and fed a diet
supplemented with alfalfa silage, and the lowest – in the group kept indoor and
fed a standard diet (8.56 cm2).

Meat color is an important quality attribute, which affects consumer
preferences and shows significant correlations with other meat traits (KORTZ

et al. 2000). Color is characterized by three physical parameters, i.e. the
predominant wavelength, saturation and lightness. Exudative meat with a low
water-holding capacity is lighter in color, because its texture does not permit
light penetration into deeper layers which results in a low percentage of light
reflection at the surface. Color lightness (L*) of pork in the present study was
relatively high, ranging from 55.33 in group IV to 55.93 in group II. Highly
significant differences were noted with respect to this parameter between
groups IV and III and group II, and significant differences were observed
between group II and group I. As regards the contribution of redness (a*) to
pork color, highly significant differences were reported between group III and
group I, and significant differences – between group III and groups IV and II.
The average values of yellowness (b*) ranged from 10.14 in group IV to 10.41
in group I, and they did not differ significantly. Similar values of color
lightness (L*) were obtained by KOZERA (2007): from 55.68 to 56.44
in experiment 1 and from 55.07 to 56.22 in experiment 2.

The lean meat content of carcasses was similar in all groups, at 55.70% on
average. Table 2 shows the percentage of carcasses classified into different
grades under the EUROP system in each group. Grade E carcasses dominated
in all experimental groups (77.1%), followed by grade U carcasses (20.8%).
Only 2.1% carcasses were classified to grade R. None of the carcasses belonged
to grades O and P. A gradual increase in the percentage content of lean meat
in pork carcasses observed in Poland (by 6.4% over 10 years) has resulted
in a higher percentage of high-grade carcasses in the EUROP system. In 2006,
the structure of pig purchase according to the EUROP classification system
was as follows: E – 39.6%, U – 36.4%, R – 17.2%, O – 5.5%, P – 1.3%. This shows
that pigs slaughtered in Poland during the period covered by this study were
characterized by a lower percentage of high-grade carcasses (E and U),
compared with the animals used in our experiment (Zintegrowany... 2007).

PRZYBYLSKI et al. (2008) found that a cluster analysis allows to discriminate
between meat samples differing in quality, and to select those with the most
desirable traits and best eating quality. Figure 1, illustrating the technological
properties of m. longissimus dorsi, shows three clusters of the investigated
parameters. The first cluster comprises the values of pH45, pH24 and WHC, the
second cluster – the content of fat and ash, and the third cluster – the
percentage levels of dry matter and protein in pork. Color lightness (L*) in the
CIE Lab system proved to be a quality indicator of lesser significance. Pork
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samples collected in all experimental groups were characterized by comparable
quality and technological properties. Similar hierarchical relationships be-
tween the analyzed quality attributes, i.e. the pH45 and WHC of normal pork,
were reported by STRZELECKI (2004). The presented computational procedures
pertain to selected quality indicators, but they also adequately describe the
processing suitability of meat. Similar results of clustering the values of pH45,
pH24 and WHC were noted by CHWASTOWSKA (2006).

Table 2
Carcass classification into grades under the EUROP system and the percentage content of lean meat

in the carcass

Litterless housing Shallow-litter housing

complete diet complete diet complete diet
complete supplemented supplemented supplemented

diet with green with green with green
forage forage forage

group I
(control) group II group III group IV

Number Percentage
of carcasses of carcasses
in the class in the class

Range
(%)

Class

E > 55 10 10 9 8 37 77.1

U 50–54.9 2 2 3 3 10 20.8

R 45–49.9 – – – 1 1 2.1

O 40–44.9 – – – – – –

P < 40 – – – – – –

linkage distance

euclidean distances

0 20 40 60 80 100 120 140 160 180

color L*

crude protein

dry matter

crude ash

crude fat

pH24

pH45

water-holding capacity

Fig. 1. Cluster analysis of the quality attributes of pork
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Conclusions

The applied feeding and housing systems had no significant effect on the
chemical composition of m. longissimus dorsi samples collected from growing-
-finishing pigs.

The values of color lightness and active acidity, as well as a cluster analysis
show that pork in all experimental groups was characterized by the desired
quality attributes and could be used for both processing and consumption.

Translated by ALEKSANDRA POPRAWSKA

Accepted for print 25.11.2009
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IMPACT OF WASTEWATER TREATED IN SACZYN
WASTEWATER TREATMENT PLANT UPON QUALITY

OF THE WATER OF THE POKRZYWNICA RIVER
– RIGHT TRIBUTARY OF THE PROSNA RIVER
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A b s t r a c t

The purpose of this study was to identify the impact of wastewater treated in the mechanical
& biological wastewater treatment plant in Saczyn upon quality of the water in the Pokrzywnica
and recommend actions to be taken to improve cleanness of the surface waters. The analysis
embraced identification of characteristics of the Pokrzywnica basin and an analysis of concentrations
of selected physical & chemical components of its water and of wastewater treated in Saczyn
in 2006–2007. The study also includes a description of treatment technologies applied in the
said treatment plant along with photo records. The analysis of selected results of physical
& chemical composition tests of the water in the Pokrzywnica was performed in reference
to the measurement cross-section of the Porwita 8.0 km based on the criteria contained
in the decree by the Minister of Environment (Rozporządzenie Ministra Środowiska z dnia
11 lutego 2004... Dz.U. z 2004 r., nr 32, poz. 284) on classification of surface and underground
waters (due to absence of a new one, the analysis and evaluation of the water quality was
carried out in accordance with the “cancelled” decree). An analysis of quality of the treated
wastewater was performed according to the standards contemporaneously in effect: BZT5 – Jakość
wody... PN-EN 1899-1:2002; ChZT-Cr – Oznaczanie... PN-74/C-04578:03, suspension – PB/ZAW-1/05
rev. 1 from 01.10.2005. In 2006–2007 significant exceedance was recorded in relation to the
parameters specified in the water permit for the concentration of chemical components and
oxygen index in treated wastewater (in 2006 the following parameters were exceeded – BZT5

by 25%, ChZT-Cr by 70.2%, general suspension by 66.0%, general nitrogen by 75.0%, general
phosphorous by 118.0%). The water in the Pokrzywnica during the analysis period (2006–2007)
belonged to quality class IV, i.e. water contaminated beyond standard (BZT5 2.93 and 2.40
mgO2 dm-3, dissolved oxygen 8.18 and 8.28 mgO2 dm-3, ChZT-Cr 27.3 mgO2 dm-3 (2006), Kjeldahl
nitrogen 1.265 and 1.07 mgN dm-3, general nitrogen 5.65 and 6.16 mgN dm-3, general phosphorous
0.201 and 0.89 mgP dm-3). It was found out that the wastewater treated in Saczyn exerted
significant impact upon the quality of water in the Pokrzywnica. Modernization of the wastewater
treatment plant in Saczyn should be continued taking advantage of the phosphorous precipitation
process. Furthermore, the water and wastewater management should be improved accompanied
by extension of biological filters along the Pokrzywnica.

Address: Zdzisław Małecki, Polish Society of Ecological Engineering, Kalisz Region, ul. Łódzka 218,
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WPŁYW ŚCIEKÓW OCZYSZCZONYCH W OCZYSZCZALNI SACZYN NA JAKOŚĆ WÓD
RZEKI POKRZYWNICY – PRAWOBRZEŻNEGO DOPŁYWU PROSNY

Zdzisław Małecki

Polskie Towarzystwo Inżynierii Ekologicznej
Oddział Ziemi Kaliskiej

S ł o w a k l u c z o w e: zlewnia, rzeka, oczyszczalnia ścieków, ścieki surowe i oczyszczone, jakość wód
powierzchniowych.

A b s t r a k t

Celem pracy było: rozpoznanie wpływu ścieków oczyszczonych w oczyszczalni mechaniczno-
-biologicznej w Saczynie na jakość wód rzeki Pokrzywnicy oraz wskazanie kierunków działań
zmierzających do poprawy czystości wód powierzchniowych. Badania obejmowały rozpoznanie
charakterystyki zlewni rzeki Pokrzywnicy oraz analizę stężeń wybranych składników fizycznych
i chemicznych jej wód, a także ścieków oczyszczonych w oczyszczalni w Saczynie w latach 2006–2007.
W pracy zamieszczono także opis technologii oczyszczania ścieków w wymienionej oczyszczalni wraz
z dokumentacją fotograficzną. Analizę wybranych wyników badań składu fizykochemicznego wód
w rzece Pokrzywnica wykonano w odniesieniu do przekroju pomiarowego Porwity km 8,0 w oparciu
o kryteria zawarte w rozporządzeniu Ministra Środowiska z dnia 11 lutego 2004 r. ... Dz.U. z 2004 r.,
nr 32, poz. 284 (badania i ocenę jakości wód wykonano wg przedmiotowego rozporządzenia
„anulowanego” z dniem 01.01.2005 r. z powodu braku nowego). Badanie jakości ścieków oczys-
zczonych przeprowadzano natomiast wg obowiązujących ówcześnie norm: BZT5 – Jakość wody...
PN-EN 1899-1:2002; ChZT-Cr – Oznaczanie... PN-74/C-04578:03, zawiesiny – PB/ZAW-1/05 wyd. 1
z 1.10.2005. W latach 2006–2007 stwierdzono znaczne przekroczenie parametrów określonych
w pozwoleniu wodnoprawnym – wielkości stężeń składników chemicznych i wskaźników tlenowych
w ściekach oczyszczonych (w 2006 r. przekroczono parametry dla: – BZT5 o 25%, ChZT-Cr o 70,2%,
zawiesiny ogólnej o 66,0%, azotu ogólnego o 75,0%, fosforu ogólnego o 118,0%). Wody w rzece
Pokrzywnicy w okresie badawczym (2006–2007) należały do IV klasy jakości – jako wody ponadnor-
matywnie zanieczyszczone (stężenia odpowiednio wynosiły dla: BZT5 2,93 i 2,40 mgO2 dm-3, tlenu
rozpuszczonego 8,18 i 8,28 mgO2 dm-3, ChZT-Cr 27,3 mgO2 dm-3 (2006), azotu Kjeldahla 1,265
i 1,07 mgN dm-3, azotu ogólnego 5,65 i 6,16 mgN dm-3, fosforu ogólnego 0,201 i 0,189 mgP dm-3).
Stwierdzono w oparciu o wyniki badań, że istotny wpływ (znaczny) na jakość wody w rzece
Pokrzywnicy mają ścieki oczyszczone w oczyszczalni Saczyn. Wobec tego należy kontynuować
modernizację oczyszczalni ścieków w Saczynie, wraz z zastosowaniem w technologii oczyszczania
procesu wytrącania fosforu, oraz uporządkować gospodarkę wodnościekową w zlewni z równoczesną
rozbudową wzdłuż rzeki Pokrzywnicy tzw. filtrów biologicznych.

Introduction

The environment constitutes the whole of surrounding interrelated compo-
nents influence by natural, atmospheric, hydrological, lithological as well as
social, cultural and economic circumstances, which result from the human
activity. The present scientific and technical progress and related social and
economic transformations cause development unbalance between the nature
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and the man. While predicting future issues related to the environment
protection one can notice a kind of a vicious circle, which the man is unwilling
to abandon due to benefits only to adversely impact the environment with their
whole existence. There is a justified concern that trespassing the border
(barrier) of the environmental “capacity” may lead to disturbing ecological
risks on a global scale (KOZŁOWSKI 1997).

Contamination from site sources gets into surface waters as a result
of infiltration, surface flow, water and wind erosion. The anthropogenic
increase of contamination, including biogenic components, includes primarily
increased load of wastewater, intensified fertilization in farming and increased
erosion within the basin. Quite frequently farming is the first to blame for
water contamination (BARTOSIEWICZ 1990).

Taking into account a group of the contamination components one can see
that farming areas basically supply waters with elements which cause eu-
trophication. The basic rule when eliminating vast area contamination is to
slow down and close the water and matter loop in various parts of the basin.
In case of farming there is significant risk of pesticides permeating into water,
particularly those with long decomposition time.

Specific risks are also present at arable lands, which make use of
wastewater. The highest concentration of biogenic compounds in the basin
is found in water courses (rivers) which are loaded with social wastewater.
A significant factor which affect water quality in small basins is poor
water and wastewater management (PIJANOWSKI, KANOWNIK 1997). If we
treat wastewater insufficiently, which can considerably affect quality of
surface and underground waters, this may lead shortage of both drinking
water and industrial water (impeding economy development). Composition
of atmospheric precipitation also impacts quality of waters in the basin.
Atmospheric precipitation can bring 6.0–14.4 nitrogen and 0.2–4.28 phos-
phorous per 1 hectare of the basin (THORNTON, DISE 1998). The factors
which deteriorate quality of water include changes of the area use
(urbanization, cutting down forests, excessive dehydration of waterlogged
areas), insufficient (or lack of) treatment of social and industrial wastewater,
intensified farming, power supply (emission of gas pollutants, heated water
discharges), transportation, chemical, metallurgical, farming and food
industries (KOWAL, ŚWIDERSKA-BRÓŹ 1998). Contamination coming from
spot focuses permeates water circulation in nature which can be substantially
neutralized (reduced) by erecting wastewater treatment plants.

Farming contamination, remains of natural and artificial fertilizers (ferti-
lizer ingredients delivered to the soil surface are sorbed within the surface
layer aeration zone), pesticides containing heavy metals and toxic organic
compounds, which permeate into water, cause mass death rate among water
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organisms and classless water. Gas and dust contamination, which can travel
long distances and settle on the soil surface, also reduces pH of surface and
underground waters thereby putting biological life in rivers at risk. Afforested
basins are characterized by relatively low biogenic concentration (PIJANOWSKI,
KANOWNIK 1997).

One of the key goals that our country needs to meet according to the
Framework Water Directive is the quality of surface waters. This can be
achieved by reducing amounts of discharged contamination.

Examination scope and methodology

Examination of the impact of the two-stage mechanical & biological
wastewater treatment plant in Saczyn (municipality of Godziesze, country
of Kalisz) upon the quality of the water in the Pokrzywnica were carried out in
2006–2007.

The scope of examination covered characteristics of the Pokrzywnica basin,
an analysis of concentrations of chemical compositions and physical indicators
of selected test results in the Pokrzywnica measuring point before the waste-
water discharge – Porwita 8.0 km and below the wastewater discharge point
into the river in Saczyn – 12.0 km. The examination and evaluation of the
surface water quality in the Pokrzywnica were conducted against the criteria
included in the Minister of Environment (Rozporządzenie Ministra Środo-
wiska z dnia 11 lutego 2004... Dz.U. z 2004 r., nr 32, poz. 284) on classification
of surface and underground waters, which became ineffective as of 1 January
2005. However, due to absence of a new one, the examination and evaluation
of the surface water quality in 2006–2007 was based on the “cancelled” decree.
The output of the treated wastewater quality (WIOŚ Agency in Kalisz,
Municipality Office in Godziesze) was based on the then standards:
BZT5 – Jakość wody... PN-EN 1899-1:2002; ChZT-Cr – Oznaczanie... PN-74/C-
-04578:03, general suspension – PB/ZAW-1/05 rev.1 from 1 October 2005.

Examined objects

The Pokrzywnica basin is located in the south-eastern Wielkopolska and
belongs of the area of the poorest water resources in Poland and Europe,
characterized by the smallest atmospheric precipitation reaching 450–650 mm
on average annually and in dry years even less than 350 mm.

The basic morphometric parameters of the Prosna and Pokrzywnica basins
are shown in Table 1. The Pokrzywnica is supplied with water coming directly
from precipitation and melting snow. Water flows are characterized by quick
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transformation from culminations to the low water states which generally
start in June and last till October (the end of hydrologic year). The average
unit run-off for the Prosna river in Kalisz is 4.1 dm3 s-1 km-2 (the European
average is 9.6 dm3 s-1 km-2), whereas the total annual outflow varies from
401–550 mln m3. The structure of Pokrzywnica basin is as follows: arable land
approximately 72%, forests – approximately 20.0%, meadows – 6.5%, dispersed
development and compact settlement – approximately 1.5%.

The examined area is located in the mesothermal climate zone with
considerable influence of Atlantic climate. The area is, above all, under the
influence of advecting maritime-polar air with diversified temperature, which
causes weather instability. One can observe days with frosty weather which
appear there relatively more often (about 78 days). More frequently than in
other parts of the country, one can observe sunny days with transparent sky
cover (approximately 118 days), and less often with opaque sky cover (almost
42 days). Whereas average annual temperatures in Kalisz were between 9oC
(1987) up to 10.0oC (2000), which gave an average annual temperature from
the multi-year period of 8.7oC (IMGW branch office in Kalisz).

In the Pokrzywnica River basin, there is a Brzeziny district and partially,
Godziesze Wielkie. The basin is of a typically agricultural character. Mineral
fertilizers (particularly nitrogen fertilizers) flowing on the soil surface per-
meate into the river, dumped pesticides, domestic sewage and industrial
wastes usually coming from the meat processing industry, treated in district
wastewater mechanical-biological treatment plants located in Brzeziny and
Saczyn for Godziesze Wielkie (in the Saczyn wastewater treatment plant,
wastewater is not subject to phosphorus precipitation process). In the Pok-
rzywnica river basin, in Czempisz village, there is a non-cultivated, closed
rubbish (waste) dump. In the basin, there are also fish ponds with the total
area of about 150 ha (Dzikie Nowe, Wróbel, Brzeziny, Saczyn).

Characteristic physical and geographical parameters of the Pokrzywnica river
basin are as follows (Figure 1): the total area of the basin is APokrz = 234.4 km2,
river length Lr = 36.1 km, (Table 1), basin length Lcat = 32.9 km, average basin
width Bcat = 7.12 km, average basin slope iavg.cat = 1.9‰, average longitudinal
river decline iavg.cat = 0.29‰ (MAŁECKI 2005).

A two stage wastewater treatment plant (Figure 2) is 800 metres away from
the Pokrzywnica river, it is located in the forest, in Saczyn village, district of
Godziesze. In the study there are photos which show the Pokrzywnica river in
the Porwita measuring cross-section – km 8.0 (Figure 3), secondary, vertical
settling tank and aerated pond (Figure 4), stabilizing-sedimentation pond
(Figure 5) and reed plot (Figure 6). Treated domestic wastewater from the
wastewater treatment plant is carried away by means of melioration ditches to
the Pokrzywnica river (km 12.0). Currently, the wastewater treatment plant
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is supplied with wastewater from Godziesze, Skrzatki and wastewater de-
livered by vehicles. Wastewater is subject to mechanical and biological
treatment.

Pursuant to the water permit issued by the County authorities in Kalisz
dated December 30, 2005 regarding requirements for carrying away treated
wastewater from the wastewater treatment plant, the following parameters
have been established, namely:

Qdavg = 250.0 m3 d-1

Qdmax = 275 m3 d-1

Qhmax = 15.6 m3 h-1

Qy = 91.250 m3/annum
BZT5 = 25.0 mgO2 dm-3

ChZT = 125.0 mgO2 dm-3

General suspended matter = 35.0 mg dm-3

pH reaction = 6.5–9

Fig. 3. Pokrzywnica river

Technological process
Wastewater from the Godziesze district area is delivered to the drainage

basin of the mechanical and biological centre wastewater treatment plant
in Saczyn by means of waste removing vehicles. Then they are gravitationally
carried away to the pumping plant and then they are forced, by means of a pipe
line, to the sand trap (Figure 1). Upon leaving the sand trap, the wastewater
flows to a collective intermediate pumping station where it is forced, by means
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Fig. 4. Wastewater treatment plant in Saczyn – secondary sedimentation tank

Fig. 5. Wastewater treatment plant in Saczyn – overhead pond

of pumps, to oxygen-free reactor. Wastewater which is subcleaned in the
oxygen-free reactor flows to the oxygen reactor. Next, wastewater is supplied
to the vertical secondary settling tank from where they gravitationally flow to
aerated ponds Io and IIo. Produced deposits are re-circulated to the collective
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Fig. 6. Wastewater treatment plant in Saczyn – reed plot

chamber of wastewater intermediate pumping station. From the aerated
ponds Io and IIo, the wastewater gravitationally flows through stabilization
and sedimentation pond (Figure 5) and reed plot (Figure 6) to the measuring
chamber, from which wastewater is directed to the collector. Ponds Io

and IIo are aerated by means of aerating unit with the use of jet equipment.
The air supplied to the ponds ensures appropriate mixture of wastewater
and supply of the right level of oxygen for biochemical processes proceeding
in ponds. The ponds consist of oxygen and oxygen-free zones which are
responsible for nitrification and de-nitrification processes. At the same
time, the secondary deposit accumulating on the ponds’ bottom undergoes
mineralization process.

Results

In 2006, concentrations and indexes (Table 2) of wastewater treated in
mechanical-biological wastewater plant in Saczyn and of those dumped to the
Pokrzywnica river (Saczyn km 12.0) were in case of: BZT5 – (6.3–88.0) avg.
31.2 mgO2 dm-3 (exceeded by 25%); ChZT-Cr – (61.7–252.0) avg. 144.5 mgO2 dm-3

(exceedance by 16.4%); general suspended matter – (21.0–104.0) 56.4 mg dm-3

(exceedance by 61.1%).
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Whereas in 2007, average concentrations and indicators of treated waste-
water and dumped wastewater to the Pokrzywnica river were respectively: BZT5

(15.0–243.0) avg. 118.3 mgO2 dm-3 (exceedance by 373.2%); ChZT-Cr
– (74.0–314.0) avg. 212.7 mgO2 dm-3 (exceedance by 66.0%); general nitrogen
– 52.5 mgN dm-3 (exceedance for generally accepted standards, by 75.0%);
general phosphorus – 10.92 mgP dm-3 (exceedance for generally accepted
standards, by 118.0%).

In reference to the results of analysis (Table 2) conducted in 2006–2008,
a considerable exceedance of analysed chemical components concentrations and
the rate of oxygen indexes for treated wastewater was found in comparison with
the parameters determined in the water permit requirements.

The water in the Pokrzywnica river (Table 3), in the Porwity measuring
point, km 8.0 between 2006 and 2007 was characterized with relatively
high level of oxidation (the quantity of oxygen dissolved in water was 8.18
and 8.28 mgO2 dm-3; the quantity of oxygen indicators: BZT5 – 2.93 and
2.40 mgO2 dm-3, ChZT-Cr – 27.3 mgO2 dm-3), a scanty quantity of general
deposit matter (8.5 and 6.03 mg dm-3), a considerable quantity of biogenes
and, above all general nitrogen (5.647 and 6.16 mgN dm-3). The water in
the Pokrzywnica river in the analysed period (2006–2007) belonged to the
IV quality class (the water was excessively polluted). In 2007, in comparison
to 2006, an increase of concentrations was observed for: general nitrogen
by 9.1%, phosphates by 10.5% and concentration decrease was observed
in case of: Kjeldahle nitrogen by 27.6% and general phosphorus by o 6.4%.

Table 3
Water physical & chemical composition of the Pokrzywnica river at the sampling point Porwity km 8.0 in

the year 2006–2007 (Raport... 2006, 2007)

Sampling point Porwity km 8.0

year

2006 2007

avg.
concentration

avg.
concentration

class class

Indices of water quality Unit

Reaction pH 8.0 I 7.4 I

Oxygen dissolved mgO2 dm–3 8.18 III 8.28 III

BOD5 mgO2 dm–3 2.93 III 2.40 III

COD (Cr) mgO2 dm–3 27.3 IV – –

Total Kjeldahle MgN dm–3 1.365 III 1.07 III

Nitrate nitrogen mgN–NO3 dm–3 4.25 – – –

Nitrite nitrogen mgN–NO2 dm–3 0.0367 – – –

Total nitrogen MgN dm–3 5.647 III 6.16 IV

Phosphorus mgP–PO4 dm–3 0.201 II 0.222 II

Total phosphorus MgP dm–3 0.201 II 0.189 II

Total suspension Mg dm–3 8.5 I 6.03 I
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Discussion

As a consequence of the conducted results analysis from the period between
2006–2007, it was found out that the following concentrations of chemical
components and oxidation indexes were exceeded in the wastewater treated
in mechanical – biological wastewater treatment plant in Saczyn (2006 for:
– BZT5 by 25%, ChZT-Cr by 16.4%, general deposit matter by 61.1%; 2007 for:
– BZT5 – by 373.2%, ChZT-Cr by 70.2%, general deposit matter by 66.0%,
general nitrogen by 75.0%, general phosphorus by 118.0%).

The water in the Pokrzywnica river (Porwity km 8.0) during the analysis
period (2006–2007) belonged to the IV quality class (2006–2007 concentrations
and indexes were respectively: dissolved oxygen 8.18 and 8.28 mgO2 dm-3, BZT5

– 2.93 and 2.40 mgO2 dm-3, ChZT-Cr – 27.3 mgO2 dm-3, general nitrogen 5.647
and 6.16 mgN dm-3, general phosphorus 0.201 and 0.189 mgP dm-3). The above
results indicate that the quality (cleanliness) of water is mainly determined by
the not “completely” treated wastewater in Saczyn and by the wastewater
dumped in the distance of 4 km (Saczyn km 12.0) from the measuring point
(Porwity km 8.0). By pointwise dumping of poor quality water (not “complete-
ly” treated in Saczyn wastewater treatment plant), there is reduced self
purification ability of the river (dilution and mixing, suspension sedimenta-
tion, sorption processes and biodegradation).

Apart from the water and wastewater management, in the Pokrzywnica
river basin there is a closed waste dump in Czempisz, as well as fish ponds
(with the area of approximately 150 ha (MAŁECKI 2006)) water management in
Brzeziny and Godziesze districts is not organized, the water of which is highly
eutrophicated (2007 r. – general nitrogen avg. 16.75 mgN dm-3, general
phosphorus avg. 0.99 P dm-3). Poor water and wastewater management in the
Pokrzywnica river basin, (illegal waste dumps, leaky septic tanks, illegal
beaches, lack of manure plates etc.) agricultural pollutions, increase of erosion
in the basin, refluxes from closed waste dump (Czempisz km 23–24), “dump-
ings” of water from fish ponds (Dzikie Nowe km 24.0 of the Pokrzywnica river,
Brzeziny km 22.0, Grzymaczewski Channel km 15.0 – inflow of water from
Wróbel fish ponds etc.) cause, with high probability, the increase of contamina-
tion of water in the Pokrzywnica river above the point, where not completely
treated water from Saczyn wastewater treatment plant is dumped, with
organic substances (a noticeable increase of oxygen indexes, Porwity km 8.0
of the river – BZT5 average indexes 2.7 mgO2 dm-3, ChZT-Cr 27.3 mgO2 dm-3)
and increase of biogenes concentration (e.g. average concentration of general
nitrogen was 6.0 mgN dm-3), which was also confirmed on other objects of the
scientific literature (HUS 1994, PIJANOWSKI et al. 1997). In the Pokrzywnica
river basin includes also a farming areas where liquid manure is used (there
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is a high probability that the acceptable manuring limit is exceeded), which
undoubtedly has effect on the increase of water contamination (MOSIEJ 1999).
Forest area is approximately 20% of the Pokrzywnica river basin area (free
from pointwise contaminations from farmsteads) and it indicates low biogenes
concentrations within those areas, which is confirmed in the literature
(TAYLOR et al. 1997, MUSCUTT, WHITHERS 1996, PEKESOVA et al. 1999, CLARK et
al. 2004).

Conclusions

The thesis presents achieved results of the study regarding protection
of the surface waters in the Pokrzywnica river in the measurement cross section
(Porwity km 8.0) below mechanical – chemical wastewater treatment plant in
Saczyn and results of “not completely” treated water (wastewater) which is
dumped to the river above the wastewater treatment plant. Based on the study
results analysis, a quality state analysis was performed: of the treated waste-
water flowing into the Pokrzywnica river (Saczyn km 12.0) and of the river
waters (Porwity km 8.0). Treated wastewater quality analysis helped to make
the evaluation of the wastewater treatment plant influence on the quality of
water in the Pokrzywnica river (Porwity km 8.0). The quality of water in the
Pokrzywnica river, with relatively low flows within one year (SNQ = 0.26 m3 s-1),
deteriorates due to dumping of “not completely” treated wastewater from the
mechanical – chemical wastewater treatment plant in Saczyn. Based on the
analysis results (2006–2007) it was noted that in order to limit biogenes
quantity, which are “introduced” from the wastewater treatment plant to the
river, quality of treated wastewater must be improved (improvement
of wastewater treatment technology), with simultaneous development of coastal
zones of graminoids (so called biological filters) enriched with bushes and trees
(e.g. purple willow and alder). Also, one should head towards reasonable shaping
of basin use structure and mount small swelling cascades and surface run-off
retardants in the meliorating ditches. An essential enterprise to improve water
purification indexes in the Pokrzywnica river includes organization of proper
water and wastewater management within the Pokrzywnica river basin (e.g.
reasonable management of water in fish ponds and further restoration of the
closed waste dump in Czempisz). The continuation of further modernization of
the mechanical – chemical wastewater treatment plant in Saczyn (km. 12.0)
should be the priority. Furthermore, an analysis of wastewater quality dumped
from the mechanical – chemical wastewater treatment plant in Brzeziny
(km 22.0) should be done (there is a high probability that wastewater of “not
the best quality” is dumped to the Pokrzywnica river).
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An analysis of the results obtained in the period 2006–2007 helped to reach
the following conclusions:

1. Anthropogenic inflow of contaminants (biogenes) to the Pokrzywnica
river includes, first of all, the increase of load connected with domestic sewage
inflows, fertilization in agriculture and increase of erosion within the basin.

2. Chemical components concentration and values of oxygen indexes con-
siderably exceeded the permitted limits in the wastewater which is treated in
the mechanical – chemical wastewater treatment plant in Saczyn and dumped
to the Pokrzywnica river (further modernization of the wastewater treatment
plant is required).

3. Probably, in the nearest future, unless “not completely” treated waste-
water dumping to the Pokrzywnica river from wastewater treatment plant
(Saczyn km 12.0) is reduced, the ability of the Pokrzywnica river to “self
purify” will be substantially reduced.

4. Phosphorus compounds dumped with the treated wastewater from the
wastewater treatment plant in Saczyn to the Pokrzywnica river should be
quickly and radically reduced (apply the process of phosphorus precipitation in
the treatment technology) and further modernization of the wastewater
treatment plant should be continued. If the aforementioned steps are not
taken and water and wastewater management is not improved in Pokrzywnica
river basin, then the river will be in danger of degradation.

5. It is strongly recommended that further quality issues identification in
the Pokrzywnica river basin and performance of scientific – engineering and
development studies regarding possible “support” of existing mechanical
– biological wastewater treatment plants by treatment of wastewater in the
soil-plant environment, in the soil aeration zone (biologically active layer of the
soil) should be continued.

Translated by JACEK MAJEWSKI
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stage was assumed for the measure of economic effectiveness. In case of both studied species
injections with Ovaprim and Ovopel were more economic than stimulation with carp pituitary. This
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Abstrakt

Celem badań była ocena ekonomicznej efektywności stosowania stymulacji hormonalnej w roz-
rodzie karpiowatych ryb reofilnych na przykładzie bolenia Aspius aspius (L.) i jazia Leuciscus
idus (L.). Do badań zastosowano trzy środki hormonalne: Ovopel, Ovaprim i przysadkę mózgową
karpia. Oceniono efektywność ekonomiczną zastosowania tych preparatów do stymulacji rozrodu
bolenia i jazia, biorąc pod uwagę płodność roboczą względną bolenia i jazia, skuteczność wybranych
preparatów hormonalnych i ich cenę. Jako miarę efektywności ekonomicznej przyjęto koszt iniekcji
hormonalnej w przeliczeniu na uzyskane 1000 ziaren ikry i na 1000 ziaren ikry w stadium
zaoczkowania. W przypadku obu badanych gatunków iniekcje hormonalne z użyciem Ovaprimu
i Ovopelu w porównaniu z stymulacją przysadką mózgową karpia są bardziej opłacalne. Ma to
związek ze stwierdzoną wysoką skutecznością stosowania analogów GnRH wraz z inhibitorami
dopaminy w kontrolowanym rozrodzie bolenia i jazia. O skuteczności tych środków hormonalnych
świadczy zarówno wysoki odsetek owulacji, jak i wysoki odsetek przeżywalności embrionów do
stadium zaoczkowania.

Introduction

Reophile cyprinid fish are an inseparable element of the diversity of Polish
rivers so every action to the benefit of that group is important to the
environment as a whole strengthening it, making it more sustainable and
immune to stimuli disturbing its equilibrium (BŁACHUTA 1998, PENCZAK et al.
2000). Decreasing presence of reophile cyprinid fish, or even their disappear-
ance, that is observed forces undertaking of protective activities. The study
of different aspects of reproductive biotechnology of wild cyprinids were done
(GLOGOWSKI et al. 1997, 1999, KUCHARCZYK et al. 1997b,c,d, 1998b, 2005, 2008,
KUJAWA et al. 1997, BABIAK et al. 1998, CIERESZKO et al. 1999, WOJTCZAK et al.
2003, KOWALSKI et al. 2003, 2004, KREJSZEFF et al. 2008, 2009, CEJKO et al.
2009, ŻARSKI et al. 2009). Stocking with appropriately selected stocking
material, also that obtained from artificial reproduction under controlled
conditions (KUCHARCZYK 2002, JAMRÓZ et al. 2008a,b, KREJSZEFF et al. 2008,
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ŻARSKI et al. 2008b), is the best active method of fish protection (AUGUSTYN

2002, KUJAWA 2004, WOLNICKI 2005). Choice of the appropriate hormonal
preparation and its appropriate dose are important elements of successful
controlled reproduction. Stimulation is applied at the level of the: hy-
pothalamus, pituitary and gonads (BIENIARZ, EPLER 1991). In reophile cyprinid
fish controlled reproduction practice the homogenate of the carp or bream
pituitary (CIEŚLA 1998, KUCHARCZYK 2002), human chorionic gonadotrophin
(hCG) and gonadotrophin release hormone (GnRH) and its analogues, fre-
quently in combination with a dopamine antagonist (KUCHARCZYK 2002,
TARGOŃSKA-DIETRICH et al. 2004, JAMRÓZ et al. 2008b, KREJSZEFF et al. 2008,
ŻARSKI et al. 2008b) are applied. In the literature few results concerning
economic aspects of reproduction and seeing of reophile cyprinid fish under
controlled conditions are available (KUPREN et al. 2008b, TURKOWSKI et al.
2008). The usefulness of those studies is supported by few existing publications
on the subject (TLUSTY 2002). Also data on costs of hormonal stimulation
application in reophile fish reproduction can rarely be found in the literature
(KŁODZIŃSKA, OKONIEWSKI 1998). That is why this study aimed at assessment
of economic effectiveness of different preparations use for reproduction stimu-
lation in asp Aspius aspius (L.) and ide Leuciscus idus (L.).

Materials and Methods

Asp spawners originated from Pierzchały Dam Reservoir on the Pasłęka
River while the ide spawners originated from Janowo Fishery Farm near
Szczytno. Both asp and ide spawners caught were transported to the Depart-
ment of Lake and River Fisheries hatchery where they were separated
according to sex and placed in 1000 l basins with controlled water temperature
and photoperiod (KUJAWA et al. 1999). The entire reproduction technology
starting with the hormonal injection through spawn incubation was carried
out according to the methodology by KUCHARCZYK et al. (1997a) and ŻARSKI et
al. (2008a). Spawn survival was determined during the eyed stage.

Hormonal injections

Three hormonal preparations were chosen for stimulation of ide and asp
maturing. The fish were divided into four groups. In group one ovulation was
stimulated by application of the Hungarian preparation Ovopel containing
18–20 μg of mammal GnRH analogue and 8–10 mg of metoclopramide
in a single granule (HORVATH et al. 1997, manufacturer Unic-trade, Hungary).
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In the second group of the females were obtained the Canadian preparation
Ovaprim (manufacturer Syndel, Canada), containing salmon GnRH-a and
domperidone (PETER et al. 1993). The females in group three were treated with
carp pituitary homogenate (Argent, USA). In case of the controls group
physiological liquid was applied. Ovopel was administered at 2 granules kg-1

body weight of the female, Ovaprim at 0.5 ml kg-1 body weight of the female
and the pituitary at 3.0 mg kg-1 body weight of the female. Prior to pituitary or
Ovopel administration they were homogenized and dissolved in sterile 0.9%
solution of NaCl. Fish were anesthetized in the solution of 2-phenoxyethanol
(at 0.5 ml l-1 of water, manufacturer Sigma-Aldrich, Germany), and next the
preparation was administered in a single dose, intraperitoneally under the
caudal fin (KUCHARCZYK 2002). The mass of the fish in individual groups and
the results obtained (such as the relative working fertility and survival
of embryos until the eyed stage) were subjected to variance analysis (ANOVA)
and post-hoc Tukey;s test at the significance level α = 0.05.

Economic effectiveness of hormonal stimulation

Economic effectiveness was assesses considering the relative working
fertility and preparation prices. The relative working fertility was assumed
according to the literature data. In case of asp it was in average 66 spawn
grains g-1 body weight of the female (VOSTRADOVSKY, VASA 1981), and in case
of ide – in average 84 spawn grains g-1 body weight of the female (WITKOWSKI et
al. 1997). The cost of hormonal injection per 1000 spawn grains obtained and
per 1000 spawn grains at eyed stage were assumed as the measure of economic
effectiveness.

Purchase prices of individual hormonal preparations converted to Polish
zlotys according to the exchange rate of 12 12 2007 for Ovopel and on 8 11 2007
for Ovaprim and pituitary were assumed for the computations. The purchase
price per 1 g of carp pituitary was USD 339, 10 ml of Ovaprim – USD 25.50, and
1granule of Ovopel – EUR 0.4. The cost of the single dose of Ovopel, Ovaprim
and carp pituitary per 1 kilogram of fish body weight was computed. Next the
total cost of individual hormonal preparations applied for hormonal stimula-
tion was computed considering the percentage of ovulations in individual
groups. In the computations those artificial reproduction cost elements were
disregarded which remained at the same level indifferent of the preparations
applies (equipment depreciation, lighting, labor).
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Results

Hormonal stimulation of asp

Hormonal preparations application had a significant influence on the asp
reproduction effects studied (Table 1). In the control group no final maturing
of oocytes was found in any of the females. Following the Ovopel injection, the
percentage of ovulating females was 83. To stimulation with Ovaprim the
females reacted with 100% ovulation while following pituitary application
ovulation was confirmed in 33% of the females. The average body weights
of females in the individual groups were similar and ranged from 3900 g to
4100 g. The effectiveness of different hormonal preparations application
expressed as the percentage of eyed spawn was: for Ovopel – 55; for Ovaprim
– 68 and for the pituitary – 49 (Table 1).

Table 1
Results obtained during artificial reproduction of asp and ide

Asp Ide

control ovopel ovaprim pituitary control ovopel ovaprim pituitary

Number of females
(individuals) 6 6 6 6 10 10 10 10

Average body weight
of females (g)* 3 980±130 4 120±132 4 000±130 3 970±135 489±36 502±45 504±42 498±41

Percentage
of ovulations 0 83 100 33 0 100 100 90

Quantity of spawn
obtained (K eggs) 0 1 354.2 1 584.0 508.3 0 421.3 423.0 376.3

Embryos survival
to the eyed stage (%)** 0 54.6±2.3b 68.4±1.5a 48.7±2.0c 0 56.2±1.8b 64.7±1.9a 37.6±2.2c

* no statistical differences between the weight of fish in individual groups of the two studied species
were found
** the results of embryos survival for both species marked with different letter index differ
statistically

Hormonal stimulation of ide

The application of hormonal preparations had similar effects (as in case
of asp) to the studied effects of ide reproduction (Table 1). In the control group
no female ovulated. Following the injection with Ovopel and Ovaprim 100% of
the females reacted with ovulation while following application of the pituitary
ovulation was confirmed for 90% of the females. The body weight of the
females in individual groups ranged from 489 g to 504 g. At the eyed stage the
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percentage of live spawn in the group injected with Ovopel was 56; with
Ovaprim 65 and after application of the carp pituitary the embryos survival
rate to the eyed stage was 38% (Table 1).

Economic effectiveness of hormonal stimulation

The analyzed costs of individual hormonal preparations application for
reproduction stimulation of asp and ide are presented in Table 2. The costs
of a single dose of hormonal preparations per kilogram of female body weight
was for: Ovopel – PLN 2.88, Ovaprim – PLN 3.19 and pituitary – PLN 2.54.
The total cost of Ovopel and the total cost of Ovaprim used for hormonal
infections in case of asp females was similar while the total cost of applying the
pituitary was lower. In case of hormonal injections administered to ide females
the total cost of individual preparations application was similar.

Table 2
Costs of hormonal preparations applied for hormonal stimulation of asp and ide

Asp Ide

ovopel ovaprim pituitary ovopel ovaprim pituitary

Hormonal preparation single
dose average cost per 1 kg body
weight of a female (PLN)

2.88 3.19 2.54 2.88 3.19 2.54

Hormonal preparations costs
(PLN)* 71.19 76.56 59.28 14.45 16.06 12.64

Hormonal preparations costs per
1000 spawn grains (PLN) 0.05 0.05 0.12 0.03 0.04 0.03

Hormonal preparations costs per
1000 spawn grains at eyed stage
(PLN)

0.10 0.07 0.24 0.06 0.06 0.09

* the cost of hormonal preparations incurred in total in the individual groups of females of the two
species separately

Table 2 presents the asp and ide hormonal stimulation cost per 1000 grains
of spawn obtained and per 1000 grains of spawn in eyed stage. The hormonal
stimulation cost per 1000 grains of asp spawn obtained was the lowest when
applying Ovopel and Ovaprim at PLN 0.05. In case of ide Ovopel and pituitary
were the most economical (PLN 0.03). Larger differences in profitability
of applying different hormonal preparations were recorded in case of hormonal
injection costs per 1000 spawn grains at the eyed stage.
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Discussion

During the last decade the number publications concerning artificial
reproduction of reophile cyprinid fish, including asp and ide has been increasing
(CIEŚLA 1998, KUCHARCZYK et al. 1998a, ŚLIWIŃSKI 1998, TARGOŃSKA-DIETRICH

et al. 2004, KUCHARCZYK et al. 2007, JAMRÓZ et al. 2008a,b, ŻARSKI et
al. 2008a). This is caused by both the fear of the possibility of disappearance
of those species from our waters and the increased interest in the stocking
material of that group of fish.

Choice of the appropriate hormonal preparation for ovulation stimulation
is an important element in artificial reproduction of fish. In case of reophile
fish the carp pituitary preparation used to be used (VOSTRADOVSKY, VASA

1981, DVORAK 1982, KOURIL et al. 1988, CIEŚLA 1998, ŚLIWIŃSKI 1998,
KUCHARCZYK 2002, TARGOŃSKA-DIETRICH et al. 2004). During the recent
years, however, synthetic GnRH analogues with the addition of dopamine
inhibitors such as Ovopel or Ovaprim have enjoyed an increasing interest.
Suitability of Ovopel for reproduction of fish has already found confirmation
in numerous scientific works. Many researchers obtained very good results
in spawning stimulation of actually all studies species of reophile cyprinid
fish after application of Ovopel (CIEŚLA 1998, KŁODZIŃSKA, OKONIEWSKI

1998, KUCHARCZYK et al. 1998a, ŚLIWIŃSKI 1998, KUCHARCZYK et al. 1999,
TARGOŃSKA-DIETRICH et al. 2004, JAMRÓZ et al. 2008b, KREJSZEFF et al.
2008, ŻARSKI et al. 2008b). Less numerous are the reports on suitability
of Ovaprim in reproduction of fish in Poland (KUCHARCZYK et al. 2007,
JAMRÓZ et al. 2008a,b, ŻARSKI et al. 2008a,b), while it has been applied
with success in Asian countries since 1990 (DAS 2004).

The studies conducted confirm high effectiveness of Ovopel and Ovaprim in
controlled asp and ide reproduction. As compared to synthetic GnRH ana-
logues used in the studies the effectiveness of the pituitary is lower. In case of
asp only 33% of females ovulated after pituitary homogenate application while
after application of Ovaprim 100% of females produced spawn and after
application of Ovopel – 83%. Also the results of ide hormonal injections confirm
better suitability of Ovopel and Ovaprim as compared to the pituitary.
Following stimulation with GnRH synthetic analogues 100% of females
ovulated while after treatment with the pituitary – 90%. Those results match
those published by, among others, KUCHARCZYK 2002, TARGOŃSKA-DIETRICH et
al. 2004, JAMRÓZ et al. 2008b, ŻARSKI et al. 2008a.

Following application of Ovaprim and Ovopel, higher survival rates of
embryos to the eyed stage were also recorded than after pituitary application.
The percentage of eyed live spawn after treatment with Ovopel was 54.6%
in case of asp and 56.2% in case of ide, after Ovaprim – 68.4% and 64.7%
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respectively while after treatment with carp pituitary the survival of embryos
to the eyed stage was 48.7% for asp and 37.6% for ide.

The dynamic increase in production of reophile cyprinid fish stocking
material production influenced an increase in the economic aspects of that
production (KUPREN et al. 2008b, TURKOWSKI et al. 2008). As concerns
economic effectiveness better results were obtained applying Ovopel and
Ovaprim than applying the carp pituitary. In difference to the results given
by KŁODZIŃSKA and OKONIEWSKI (1998), the cost of a single pituitary dose is
lower than the cost of Ovopel and Ovaprim, however, considering the
effectiveness of artificial spawning presented as the percentage of ovulating
females, in case of the asp the cost of hormonal stimulation with the pituitary
per 1000 grains of spawn obtained was the highest and in case of ide at the
level of Ovopel application cost. In the study the relative working fertility was
assumed on the base of the literature data. The fertility obtained during the
study was very close to those values and no differences between groups were
detected.

Much larger differences in economic effectiveness of individual hormonal
preparations application are visible in the costs of hormonal injections per
1000 spawn grains at eyed stage. Similar results were obtained during studies
on the hormonal stimulation effectiveness and economic effectiveness of
pikeperch Stizostedion lucioperca (L.) production (HAKUĆ-BŁAŻOWSKA et al.
2008, KUPREN et al. 2008a).

Stimulation with the carp pituitary proved to be the least economic in case
of both studied species, the application costs of which was at the level of PLN
0.09 per 1000 grains of ide spawn at eyed stage and in case of asp at as much
as PLN 0.24 per 1000 grains of spawn at eyed stage. Hormonal stimulation
with Ovopel and Ovaprim proved more economic. In case of asp the cost of
Ovopel injection was PLN 0.10 per 1000 grains of spawn at eyed stage and in
case of Ovaprim – PLN 0.07 per 1000 grains of spawn at eyed stage. The costs
of applying both Ovopel and Ovaprim in case of ide are PLN 0.06 per 1000
grains of spawn at eyed stage.

Conclusions

1. The results obtained in the studies confirm high effectiveness of Ovopel
and Ovaprim in controlled reproduction of asp and ide.

2. In the studies conducted the effectiveness of Ovopel and Ovaprim is
confirmed by both the high percentage of ovulations and high embryos survival
rates to the eyed stage, particularly as compared to the results obtained after
application of the carp pituitary in reproduction of ide.
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3. Better economic effectiveness results were obtained after applying
Ovopel and Ovaprim than the carp pituitary for reproduction stimulation in
case of both those species.

Translated by JERZY GOZDEK
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A b s t r a k t

Celem pracy było porównanie efektywności stymulacji hormonalnej samic jelca Leuciscus
leuciscus (L.) i jazia Leuciscus idus (L.) po zastosowaniu dwóch preparatów (Ovopel i Ovaprim)
osobno oraz ich kombinacji. Eksperyment przeprowadzono w warunkach kontrolowanych. W trakcie
jego trwania notowano odsetek owulujących samic, czas owulacji oraz przeżywalność embrionów do
stadium zaoczkowania. Stymulacja Ovopelem poskutkowała krótszym okresem wystąpienia owulacji
u samic obu gatunków (48–50 h dla jelca i 36–38 h dla jazia), natomiast Ovaprimem – wyższym
odsetkiem żywych embrionów w stadium zaoczkowania (blisko 80 i 60% odpowiednio dla jelca i jazia).
Najlepszy efekt stymulacji hormonalnej stwierdzono w grupie, w której zastosowano kombinację
obydwu środków hormonalnych, gdzie odnotowano skrócenie czasu uzyskania przez ryby gotowości
tarłowej (48 i 36 odpowiednio dla jelca i jazia), znaczną synchronizację owulacji oraz najwyższy
odsetek przeżywalności embrionów (blisko 80 i 70% odpowiednio w przypadku jelca i jazia).

Introduction

For many years artificial reproduction of non-commercial reophilic cy-
prinid fish species was outside the range of interests of both the fish culturists
and the scientists (KUCHARCZYK 2002). During the recent years, however,
a significant increase in the scientific activities concerning wild cyprinid fish
can be observed (GLOGOWSKI et al. 1997, 1999, KUCHARCZYK et al. 1997a, b, c,
2005, BABIAK et al. 1998, KUCHARCZYK 1999, 2001, WOJTCZAK et al. 2003,
KOWALSKI et al. 2003, 2004, TARGOŃSKA-DIETRICH et al. 2004, JAMRÓZ et al.
2008b, KREJSZEFF et al. 2008, 2009, ŻARSKI et al. 2008a,b). Predictability of fish
production results under controlled conditions caused that during the recent
years controlled reproduction and rearing have become an intensively developing
segment in aquaculture (PHILIPPART 1995).

Hormonal preparations applied in fish aquaculture allow improving artifi-
cial reproduction techniques both during and outside the spawning season
(BRZUSKA, ADAMEK 1999, KUCHARCZYK et al. 1999, 2000, 2008, KUCHARCZYK

2002, TARGOŃSKA-DIETRICH et al. 2004, ULIKOWSKI 2004, TARGOŃSKA et al.
2005, 2008, CEJKO et al. 2008a,b, 2009). Also, the economic analysis of
hormonal stimulation in wild fishes were done (KUPREN et al. 2008, TUR-

KOWSKI et al. 2008, HAKUĆ-BŁAŻOWSKA et al. 2009). This allows conducting
restitution programs and studies in the area (BABIAK et al. 1998, KUCHARCZYK

1999, 2001). During the last several years numerous new hormonal prepara-
tions that can be applied in controlled fish reproduction appeared in the
market (YARON 1995, YARON et al. 2009, BRZUSKA 2000, SZABO 2003, BRZUSKA

2005). Determining their suitability, however, requires many studies aiming at
defining the optimum conditions for conducting the treatment and the type of
hormonal preparation applied as well as its quantity and dose size. In case
of cyprinid fish, the analogues of gonadoliberine, the effectiveness of which
is frequently conditioned by applying them jointly with a dopamine antagonist,
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proved successful (SZABO et al. 2002, BRZUSKA 2005, JAMRÓZ et al. 2008b,
ŻARSKI et al. 2008a,b). As concerns the commonly available preparations,
numerous studies concerning Ovopel have been published so far. The number
of reports on application of Ovaprim in reophile cyprinid fish, however, is small
(KUCHARCZYK et al. 2007, JAMRÓZ et al. 2008a, b, ŻARSKI et al. 2008a, b).

This study aimed at comparison of the effectiveness of female dace Leucis-
cus leuciscus (L.) and ide Leuciscus idus (L.) hormonal stimulation with
Ovopel and Ovaprim separately and in selected combination of those two
preparations.

Materials and Methods

Spawners of dace (average body weight 167±9 g) were obtained from the
Marózka River (north-eastern Poland), and the spawners of ide (average body
weight 411±21 g) originated from the Fish Farm Janowo near Szczytno. After
transporting the fish to the hatchery of the Department of Lake and River
Fisheries the males and females were placed separately in 1000 dm3 basins
(KUJAWA et al. 1999). Samples of oocytes were collected from the females using
catheters and their stage of maturity was determined on the base of the
nucleus position in the cell according to the scale proposed by BRZUSKA,
BIENIARZ (1977):

I stage – germinal vesicle in a central position
II stage – early germinal vesicle migration (less than half of the radius)
III stage – late germinal vesicle migration (more than half of the radius)
IV stage – periphery germinal vesicle or germinal vesicle breakdown

(GVBD)
Hormonal stimulation was conducted when the oocytes were in stadium

II-II/III of maturity. Water temperature during 3 day acclimation was 10oC
(±0.1). The photoperiod during keeping the fish in the hatchery was constant
(12L : 12 D). The light intensity was not measured. Following application of the
first injection, water temperature was increased to 11oC, and after application
of the releasing injection to 12oC. In case of ide, 24 hours after the last
injection, water temperature was increased to 13.5oC.

Before commencement of the injections, the fish were divided into four
groups: control and three experimental. The control group consisted of the fish
that were treated with the injection of sterile saline solution (0.9% NaCl).
The following preparations were used for hormonal stimulation of fish in the
experimental groups: Ovopel (Unic-Trade, Hungary) (preparation containing
a mammal analogue of GnRH [(D-Ala6, Pro9-Net)-mGnRH] and dopamine
antagonist – metoclopramide) (HORVATH et al. 1997) and Ovaprim (Syndel,
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Canada) (complex of the analogue of salmon hypothalamic hormone [(D-Arg6,
Pro9-Net) sGnRH] and domperidone – dopamine antagonist) (BRZUSKA, ADA-

MEK 1999). In the third experimental group the injection of Ovaprim was
preceded by an injection of Ovopel. In case of males only the second injection
was applied as in the groups of the females respectively for each group. All the
injections were applied intraperitoneally under the caudal fin in the dose
of 0.5 cm3 kg-1. The doses and types of hormones applied are specified in
Table 1. During the manipulation the spawners were anesthetized in the
solution of 2-phenoxyethanol (Sigma-Aldrich, Germany) at 0.5 cm3 dm-3. All
manipulations, including obtaining gametes were conducted according to the
methodology described by TARGOŃSKA et al. (2008) for ide. During the study
the number of females producing spawn, time between the releasing injection
and ovulation and survival of embryos to the eyed stage were recorded.

Table 1
Hormonal agents and their doses used for induction of ovulation in controlled reproduction of dace

and ide. Time betwen injections amount 24 hours

Group I injection II injection

Control 1 cm3 kg-1

(0.9 % NaCl)
1 cm3 kg-1

(0.9 % NaCl)

Experimental 1 0.2 pellet kg-1

(Ovopel)
1 pellet kg-1

(Ovopel)

Experimental 2 – 0.5 cm3 kg-1

(Ovaprim)

Experimental 3 0.2 pellet kg-1

(Ovopel)
0.5 cm3 kg-1

(Ovaprim)

The spawn obtained during spawning was fertilized using “dry method”.
Unsticking the eggs was achieved by baths in Wojnarowicz solution (40 g urea
+ 35 g NaCl in 10 dm3 water) and short baths in tannin solution (7g 10 dm-3

water). The unstuck eggs were placed in Weiss’ jars so that the spawn from
each group could be incubated separately. Additionally, the spawn from each
female (ca. 150 eggs in three repetitions) was incubated on Petri dishes. Water
temperature during incubation was 12oC. Statistical differences between
groups concerning survival of embryos to the eyed stage were analyzed by
applying the one-way analysis of variance (ANOVA) and using the post hoc
Tukey’s test (P < 0.05).

Daniel Żarski et al.238



Results

In the experimental groups 90–100% spawned. No ovulation was detected
in any of the fish in the control group indifferent of the species (Tables 2 and 3).
The time of ovulation in the presented study after treatment with Ovaprim
was the longest comparing to the other groups at 48–72 h for dace (Table 2) and
38–48 h for ide (Table 3). That long time of latency was defined as lack
of synchronization in achievement of readiness for spawning by the fish. In the
group stimulated with the combination of Ovopel and Ovaprim, 100% ovulation
synchronization was detected and the latency time was 48 and 36 h respectively
for dace (Table 2) and ide (Table 3). The survival rates of dace embryos to the eyed
stage in experimental groups 2 and 3 were significantly higher than after
treatment with Ovopel reaching almost 80% (Table 2). In case of ide the
significantly highest percentage of live embryos (almost 70%) was recorded in the
group where the combination of hormonal preparations was applied – experimen-
tal group 3 (Table 3). Additionally, similar values concerning the survival rates
of embryos depending on the incubation method were recorded for both species.

Table 2
Results obtained during artificial reproduction of dace after different hormonal agents application

Specification Control Experimental 1 Experimental 2 Experimental 3

Number of females 9 10 10 10

Percentage of ovulated females (%) 0 90 100 100

Latency time (hours) – 48–50 48–72 48

Synchronization of ovulation – yes no yes

Survival of embryos in the eyed
stage (%) – 58.6 ± 5.6a 77.5 ± 2.6b 78.6 ± 3.2b

Survival of embryos in the eyed
stage in Weiss’ jars (%) – 60.3 ± 3.4a 80.2 ± 3.1b 81.9 ± 3.4b

* data in rows indicated with the same letter did not differ statistically (P < 0.05).

Table 3
Results obtained during artificial reproduction of ide after different hormonal agents application

Specification Control Experimental 1 Experimental 2 Experimental 3

Number of females 10 10 10 10

Percentage of ovulated females (%) 0 90 100 100

Latency time (hours) – 36–38 38–48 36

Synchronization of ovulation – yes no yes

Survival of embryos in the eyed
stage (%) – 52.4 ± 3.1a 60.5 ± 2.3b 69.5 ± 2.8c

Survival of embryos in the eyed
stage in Weiss’ jars (%) – 50.2 ±2.7a 61.2 ± 2.4b 71.7 ± 3.3c

* data in rows indicated with the same letter did not differ statistically (P < 0.05).
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Discussion

This study confirmed the current reports on the effectiveness of hormonal
preparations in reproduction of reophile cyprinid fish concerning both the dace
and the ide (KUCHARCZYK et al. 1999, 2007, KUCHARCZYK 2002, TARGOŃSKA-
-DETRICH et al. 2004, CEJKO et al. 2008b, 2009, JAMRÓZ et al. 2008a,b,
KREJSZEFF et al. 2009). The positive effect of stimulation with those prepara-
tions was also observed in case of the nase Chondrostoma nasus (L.) (SZABO et
al. 2002, ŻARSKI et al. 2008b), chub (KREJSZEFF et al. 2008) and asp (ŻARSKI et
al. 2008a). In this experiment ovulation was not obtained only in case of the
control group, which confirms the earlier reports concerning reproduction
of reophile cyprinid fish under controlled conditions (e.g.: KUCHARCZYK 2002,
SZABO et al. 2002, TARGOŃSKA-DIETRICH et al. 2004, TARGOŃSKA et al. 2005,
KREJSZEFF et al. 2008, ŻARSKI et al. 2008a).

Different latency times after treatment with hormonal preparations were
described already earlier (YARON 1995, BRZUSKA 2000, 2005). This frequently
results from the differences in the fish body reaction time to the pituitary
homogenate (CPH) as compared to preparations containing GnRH analogues.
In the experiment described two different GnRH analogues that have the same
influence and contain different substances that are dopamine antagonists were
used. The difference in the time of reaching spawning maturity by the females
between groups stimulated with Ovopel and Ovaprim can result from the
different compositions of those preparations. The differences in ovulation time
resulting from treatment with different GnRH analogues have been recorded,
among others, in case of the carp (BRZUSKA 2006). In case of the ide a similar
situation was also observed by JAMRÓZ et al. (2008b), who recorded the highest
ovulation synchronization after treatment with Ovopel (36 h) as opposed to the
group stimulated with Ovaprim, in which ovulation was recorded between
36 and 44 hours after the releasing injection. The longer latency time after
treatment with Ovaprim as compared to Ovopel was also found in case of the
asp Aspius aspius (L.) (ŻARSKI et al. 2008a, TARGOŃSKA et al. – unpublished
data). In case of stimulation with Ovaprim, application of the preceding
injection of Ovopel allowed shortening the time of ovulation to 48 hours in case
of the dace and 36 hours in case of the ide and synchronize it significantly.
A compatible effect of applying combined hormonal stimulation has been
recorded so far in case of the ide (JAMRÓZ et al. 2008a) and the asp (ŻARSKI et al.
2008a). That effect can also depend on the different GnRH analogues applied
in this variant for the initiating and releasing injections. The combination in
which Ovaprim would be applied as the initiating preparation was not tested as
according to the manufacturer’s recommendations that preparation should be
used for single injection only.
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Biological quality of obtained gametes, expressed as the percentage of live
eyed stage embryos is one of the major parameters of effectiveness in case
of controlled reproduction with hormonal stimulation application. In this
work, in case of both species that parameter proved the best in the group where
the combination of hormonal preparations was applied (group 3). However, in
case of the dace it did not differ statistically significantly from that for the
group stimulated with Ovaprim. The same relation of results after application
of the same preparations is also given by JAMRÓZ et al. (2008b) for ide and
ŻARSKI et al. (2008a) for asp. This also applies to desynchronization in
achievement of readiness for spawning by the females following stimulation
with Ovaprim, which was also recorded in case of this study.

A positive influence of stimulation with that preparation was also recorded
in case of asp semen quality analysis (CEJKO et al. 2008b) and determining the
mobility of ide sperms (JAMRÓZ et al. 2008b). As a consequence, the higher
survival rates of embryos in groups where Ovaprim was applied could be the
consequence of a much better semen obtained in those experimental groups.

Stickiness of the spawn is a characteristic causing many problems during
mass production of cyprinid fish stocking material and removing it is a necess-
ary condition for positive effects of incubation (LINHART et al. 2006,
TARGOŃSKA et al. – unpublished data). The method of unsticking the eggs
applied in this study did not influence the embryos survival as compared to
spawn samples incubated without that treatment. This confirms the effective-
ness of that method and the method of experimental determination of control-
led reproduction effects by incubation of the spawn on Petri dishes.

The results obtained in this study indicate the possibility of increasing the
effectiveness of controlled reproduction in case of the species studied by
applying the appropriate type of hormonal stimulation. It also confirms
suitability of Ovaprim in fish reproduction stimulation (LEU, CHOU 1996,
VIVEIROS et al. 2002, OLSEN et al. 2006, KUCHARCZYK et al. 2007, KUJAWA et al.
2007). The fact, that treatment of the fish with injections of two different
preparations with different compositions caused achievement of the best
results is also an important aspect. The higher percentage of ovulating females
recorded and obtaining the gametes of higher biological quality after applica-
tion of the selected combination of hormonal preparations allows producing
larger volumes of stocking material in the future.
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A b s t r a c t

The studies aimed at determining the influence of lactic acid on Salmonella spp. during storage
of turkey carcasses’ samples for 2, 4 and 6 days. The initial average contamination of turkey
carcasses’ elements with Salmonella spp. was 2.4 · 103 bacteria. Following the immersion in water in
average 4.3 · 102 Salmonella spp. cfu was recovered and that number was assumed as the inoculum.
The number of Salmonella spp. decreases during storage of turkey carcasses’ samples in the
refrigerator at 4oC. Compared to elements of carcasses immersed in sterile water the largest
reduction, by two logarithmic cycles was recorded after 2 days of storage of samples treated with 1%
lactic acid. In case of the other variants of the experiment when 1% solution of lactic acid was applied
S. Enteritidis grew in numbers within the same logarithmic range. Compared to the samples
immersed in sterile water, 2% lactic acid caused reduction in the number of Salmonella spp. on
elements of poultry carcasses by one logarithmic cycle both immediately after contamination and
after 2 and 6 days of storage; unfortunately after 4 days of storage S. Enteritidis grew in numbers
that were within the same logarithmic range.

During storage of the turkey samples tested at 4oC for 2, 4 and 6 days, the numbers of Salmonella
spp. decreased. That decrease compared to samples immersed in sterile water was the largest after
2 days of storage after application of 1% lactic acid.
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A b s t r a k t

Celem badań było określenie wpływu kwasu mlekowego na pałeczki Salmonella podczas
przechowywania próbek tuszek indyczych przez 2, 4 i 6 dni. Średnie wyjściowe zanieczyszczenie
bakteriami elementów tuszek wynosiło 2.4 · 103. Po zanurzeniu w wodzie izolowano średnio 4.3 · 102

pałeczek Salmonella – liczbę tę przyjęto za inoculum. Zmniejszała się ona podczas przechowywania
próbek w lodówce w temperaturze 4oC. Największy spadek o dwa cykle logarytmiczne, względem
elementów tuszek zanurzonych w jałowej wodzie, odnotowano po 2 dniach przechowywania próbek
potraktowanych 1% kwasem mlekowym. W pozostałych wariantach doświadczenia po zastosowaniu
1% roztworu kwasu mlekowego liczba S. Enteritidis rosła w liczbach mieszczących się w tym samym
przedziale logarytmicznym. W porównaniu z próbkami zanurzonymi w jałowej wodzie 2% kwas
mlekowy powodował redukcję pałeczek Salmonella na elementach tuszek drobiowych o jeden cykl
logarytmiczny zarówno bezpośrednio po kontaminacji, jak i po 2 i 6 dniach składowania. Niestety po
4 dniach przechowywania liczba S. Enteritidis rosła w liczbach mieszczących się w tym samym
przedziale logarytmicznym. W trakcie przechowywania badanych próbek indyczych w temperaturze
4oC przez 2, 4 i 6 dni zmniejszyła się liczba pałeczek Salmonella. Spadek ten, w porównaniu
z próbkami zanurzonymi w jałowej wodzie, był największy po 2 dniach składowania, po zastosowaniu
1% kwasu mlekowego.

Introduction

Salmonellosis is a serious epizootic and epidemiological problem. Detailed
analyses of disease cases show that next to hen’s eggs, poultry meat is the main
cause of food poisoning cases. Slaughter poultry is the main reservoir
of Salmonella spp. In slaughter chicken and turkey immediately after stun-
ning contamination with Salmonella spp. bacteria involving up to 7% of them
was found while before chilling it increased to even as much as 48% in case
of chicken (MIKOŁAJCZYK, RADKOWSKI 2001a, MIKOŁAJCZYK, RADKOWSKI 2001b,
MIKOŁAJCZYK, RADKOWSKI 2002b, MIKOŁAJCZYK, RADKOWSKI 2002c). The above
results obtained in Poland are correlated with the studies conducted by the
USDA Food Safety and Inspection Service that indicate that 4–5% of broilers
brought for slaughter were infected with Salmonella spp. while poultry leaving
the slaughterhouse was contaminated in 35–36% (LILLARD 1990). This is the
consequence of post-slaughter contamination, which occurs at every processing
step. As a consequence, there is high probability that poultry reaching the
consumer will be contaminated with Salmonella spp. to an even higher extent.
In 55% of poultry carcasses from shop shelves tested by BYSTROŃ at al. (2004)
Salmonella spp. was recovered. S. Enteritidis was the dominating serological
strain. The high percentage of poultry carcasses in retail outlets contaminated
with Salmonella spp. indicates the direct risk to the consumers.

The number of Salmonella spp. on poultry carcass purchased is from 1 to
20 cells (FEHLHABER 1996). Although that number is low there is always the
risk of Salmonella spp. growth in the meat. Whether symptoms of disease
appear and what the development of the disease would be depends on the
number of Salmonella spp.
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Disease development in humans requires infecting the alimentary system
with a larger number of Salmonella spp. cells than in case of the typhoid fever
or paratyphoid fever, e.g.: S. Newport 1.0 · 105, S. Bareilly 1.0 · 105, S. Enter-
itidis 1.0 · 105, S. Derby 1.5 · 106, S. Anatum 5.0 · 106, S. Meleagridis 5.0 · 107,
S. Gallinarum 1.3 · 109 (DUGID et al. 1991). It should be added that in frequent
cases low numbers of Salmonella spp. were recovered from the food that was
the cause of poisoning. This applied mainly to cases in small children and the
elderly. The number of Salmonella spp. cells in a poultry carcass that is
a threat to human health depends on the person’s age and health condition, i.e.
the individual biological immunity.

Despite numerous attempts at avoiding secondary contaminations with
Salmonella spp. on the slaughter line and during processing the search for
methods of eliminating the bacteria is still searched for. For many years, in the
USA, which is the largest in the world chicken producer, sodium hypochlorite
has been added to water immediately prior to the chilling process to destroy
Salmonella spp. cells. Sodium hypochlorite is considered safe and as a conse-
quence chicken subjected to treatment with it are also found in shops within
the European Union. However, as sodium hypochlorite at higher concentra-
tions causes colour and flavour change, search for another method of elimina-
ting those bacteria continues.

The number of chemical additives applied in food processing is limited as
a consequence of their negative influence on human body and difficulties with
solubility and direct application. Additionally, eco-focused lifestyle of the
consumers forces use of only those chemical substances that appear in the
environment naturally in food processing.

In search for methods of eliminating Salmonella spp. attention has been
focused on a large group of organic acids and their salts that are commonly
considered safe. Polish food industry allows use of the following organic acids
as food additives: lactic, acetic, citric, tartaric and their salts (Rozporządzenie
Ministra Zdrowia... 2008).

Lactic acid is a natural component of many food products such as sauer-
kraut, pickled cucumbers, cured sausages or yoghurt. It finds wide applications
in food industry for achievement of diverse processing effects. It is among the
food additives allowed for application without limitation and according to the
applicable legislation (Rozporządzenie Ministra Zdrowia... 2008) the maximum
lactic acid dose added to is defined by the liberal term “quantum satis”.
According to the European Union numeric identification system lactic acid is
identified as E 270.

In the literature available there is a vast volume of data on widely
understood lactic acid application in, e.g. pharmaceutical, cosmetic, and food
industries, in meet processing and little information on lactic acid influence on
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Salmonella spp. present in turkey carcasses (MIKOŁAJCZYK, RADKOWSKI

2002a); there is no reports, however, on the influence of lactic acid on
Salmonella spp. during storage of carcasses.

As a consequence, it seems that undertaking studies aiming at determina-
tion of lactic acid influence on Salmonella spp. cells present in samples from
turkey carcasses stored for the period of 6 days, as that is the usual maximum
time before the carcass reaches the consumer, could contribute to improve-
ment in food hygiene level and human health protection.

Materials and Methods

Studies were conducted on 192 samples of turkey breast purchased from
poultry plants. Each sample was divided into two parts after weighing and
marking. One part was checked for natural presence of Salmonella spp. while
the other was purposefully contaminated with the test strain.

S. Enteritidis no. 33/66 obtained from the Museum of Bacterial Strains
of the National Veterinary Research Institute in Puławy was used for the
studies.

The strain was maintained on agar slopes in a refrigerator at 4oC. The
above strain was inoculated on nutritive broth and incubated at 37oC for 24
hours. Following incubation, 10 ml of broth was transferred to 4 l of the liquid
for dilutions consisting of: peptone 1 g, sodium chloride NaCl 8.5 g, distilled
water 1000 ml (Mięso i przetwory mięsne... PN-A-82055-3 1994), in which
turkey breast samples were immersed. After 5 minutes the samples were taken
out, drained for 2 minutes, placed on specially prepared sterile trays with
dripper and held in the refrigerator at 4oC for 20 minutes. For each series
of tests the initial contamination level of control samples was determined.

Next the samples were transferred to sterile beakers with 250 ml of 1 and
2% solution of lactic acid (C3H6O3) pure for analyses for 15 minutes.

The controls consisted of breast samples artificially contaminated with
Salmonella and samples immersed in sterile water for 15 minutes that were
tested directly without decontamination (the number assumed as inoculum).

Swabs were collected from the external and internal turkey breast surface
using sterile tampons and patterns. The pattern of stainless steel with window
area of 25 cm2 was placed on each surface tested. Two swabs were collected,
one from the external surface and one from the internal surface, representing
in total the area of 50 cm2. The tampons with swabs were placed in beakers
with pearls containing 50 ml of the liquid for dilutions and shaken for ca.
2 minutes. In this way the initial dilution was obtained in which 1 ml of the
liquid corresponded to 1 cm2 of tested surface. Next 10-times dilution was
prepared from that liquid and the number of Salmonella spp. colony forming
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units was determined by the Most Probable Number (MPN) method (Microbi-
ology of food... ISO 7218:1996). For that purpose from the initial suspension
and its consecutive 10-times dilutions 1 ml was inoculated to three parallel
tubes containing buffered peptone water (BPW, CM 509, Oxoid Basingstoke
Hampshire, UK), that were incubated at 37oC for 20 hours and next transfer-
red on the S.C. medium (SC, 0 687-17-1, Difco Laboratories Detroit MI, USA),
on Müller-Kauffman medium (MK, CM 343, Oxoid Basingstoke Hampshire,
UK) and Rappaport-Vassiliadis medium (RV, CM 669, Oxoid Basingstoke
Hampshire, UK). After 24 hours of incubation at 41.5oC (RV) and 37oC (MK
and SF) transfer on brilliantine green agar (BGA, CM 329, Oxoid Basingstoke
Hampshire, UK), BSA medium (BSA, 00 73-01-1, Difco Laboratories Detroit
MI, USA) and XLD medium (XLD, CM 469 Oxoid Basingstoke Hampshire,
UK) was performed. The most probable numbers of Salmonella spp. was read
from tables by Hoskins.

The tests were conducted according to the methodologies specified in
regulations (Mikrobiologia... PN-ISO 6579: 1998, Microbiology... ISO 6579:
1993, Microbiology of food... ISO 7218:1996).

Each turkey breast was tested for determination of Salmonella spp.
numbers immediately as well as 2, 4 and 6 days of keeping in a refrigerator at
4oC. The tests for each variant were carried out in six repetitions.

The experimental data was processed statistically using the T-Student test
and correlation analysis. The correlation analysis was conducted on log
numbers.

Results and Discussion

Table 1 and Figure 1 present the changing numbers of Salmonella spp.
during storage of turkey carcasses at 4oC. The average initial contamination
of turkey carcasses’ elements with Salmonella spp. was 2.4 · 103 of Salmonella
bacteria. Following immersion in water the average of 4.3 · 102 Salmonella spp.
cfu were recovered and that number was assumed as the inoculum. The initial
inoculum of Salmonella enteritidis was 102 cfu per 1 cm2 of turkey carcass
surface. The number of Salmonella spp. cfu decreases during storage of turkey
carcasses in the refrigerator at 4oC.

As compared to elements immersed in sterile water, the largest decrease, by
2 log cycles, was recorded after 2 days of storage for samples treated with 1%
lactic acid (Table 1, Figure 1). In other experimental variants where 1% lactic
acid was applied, S. Enteritidis grew in numbers that were within the same log
range. As compared to samples immersed in sterile water, 2% lactic acid
resulted in reduction of Salmonella spp. on elements of turkey carcasses by one
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Table 1
Influence of lactic acid on survival of Salmonella Enteritidis on elements of turkey carcasses stored

at 4oC for 2, 4 and 6 days (n = 6)

Correlation between
Days of storage the number of cfu

and storage time

immediately
after 2 4 6

contamination

number of cfu

correla- signifi-
tion cance

coefficient level
r p

Test
substance

Concentration
(%)

Control 0 2.4 · 103 4.3 · 102 4.3 · 102 4.3 · 102 - 0.77 > 0.10

Water 0 4.3 · 102 2.4 · 102 9.3 · 101 4.3 · 101 - 0.99 0.01

Lactic acid
1 2.4 · 102 2.3 · 100 9.3 · 101 4.3 · 101 - 0.09 > 0.10

2 2.3 · 101 2.3 · 101 2.4 · 101 9.3 · 100 - 0.75 > 0.10

0 2 4 6
days of storage
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water
lactic acid (1%)
lactic acid (2%)
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Fig. 1. Influence of lactic acid on survival of Salmonella Enteritidis on elements of turkey carcasses
stored at 4oC for 2, 4 and 6 days

log cycle immediately after contamination as well as after 2 and 4 days
of storage; unfortunately after 4 days of storage S. Enteritidis grew in numbers
within the same log range.

After slaughter poultry carcasses the temperature within the muscles
of which is ca. 40oC, must be chilled down to 4oC to increase shelf life of the
meat and inhibit microorganic growth.
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If turkey carcasses are contaminated with Salmonella spp. during
processing, currently applied processes do not contribute to eliminating them.
Air temperatures of 0oC to -1oC do not cause elimination of Salmonella and
carcasses contaminated can be released for sale. The time between chilling and
getting the carcass to the consumer varies and depends on numerous factors.
The producer defines on the basis of shelf life tests the shelf life of fresh
poultry.

The eliminating mechanism of treatment with organic acids in relation to
Salmonella spp. is related to the presence of dissociated molecules and low pH
of the acids (CONNER, BILGILI 1994). The acids applied are dissociated to
a different extent and probably that entire combination of hydrogen ions with
acid residues creates more unfavourable conditions for Salmonella than is the
case in case of individual acids.

In own studies the influence of lactic acid solution on Salmonella spp.
under conditions nearest to the natural, i.e. poultry carcasses coming directly
from poultry processing plants not subjected at the laboratory to any processes
aimed at liquidation of accompanying microflora and stored under conditions
of constant temperature of 4oC was investigated.

BENEDICT et al. (1991) found that high level of bacterial suspension
adhesion to skin is achieved through immersion of carcasses in bacterial
suspension. The serotype of Salmonella spp. and bacterial suspension tem-
perature do not influence adhesion of microorganisms to the skin (CONNER,
BILGILI 1994). Cellular structures such as fimbriae and cilia are important in
the mechanism of adhesion to the skin (DICKSON 1992, GRAFT-HANSON de,
HEATH 1990). The contact time of bacterial suspension with the skin plays
a very important role (CONNER, BILGILI 1994). Immediately after inoculation
of the studied bacterial culture on the skin the samples should be kept for
an appropriate time to obtain better adhesion of the rods to the skin of
carcasses. According to CONNER, BAGGILY (1994), 10 minutes is the optimal
time required for settlement and adhesion of Salmonella spp. to the skin if the
inoculum of 104 is applied. In case a lower concentration inoculum is applied
the holding time should be extended, e.g. for inoculum 103 – 20 minutes, for
102 – 30 minutes.

Salmonella cells firmly attached to the skin are much more resistant to
chemical media than those that did not have the time to attach strongly and
that are loosely attached to the skin (LILLARD 1989a, 1989b, TAMBLYN et al.
1997). BAILEY et al. (1986) observed 90–96% reduction of S. Typhimurium
caused by 3.5 second spray using sodium hypochlorite at 20–40 ppm. Methods
of that type frequently decrease the number of, but rarely eliminate
Salmonella spp. from poultry carcasses as they are ineffective for bacterial
cells set or firmly attached to the skin. As a consequence there is need for
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testing media eliminating Salmonella spp. firmly attached to the skin (TAM-

BLYN, CONNER 1997, CONNER, BILGILI 1994).
The critical point in studies on eliminating Salmonella spp. is that

the bacteria can be firmly attached to the skin, particularly when the
carcasses are at the initial stages of processing. It may even happen that
Salmonella spp. cells are irreversibly attached to the skin. As a consequence
it should be considered that no potential medium would be fully effective
(CONNER, BILGILI 1994).

Another problem in effectiveness assessment of Salmonella spp. eliminat-
ing media is the fact that in spite of applying a variety of carcasses washing,
washing-out and multiple rinsing techniques attempts at recovering all rods
are unsuccessful (IZAT et al. 1991). LILLARD (1989b) concluded that recovery
of bacteria attached to poultry skin is highly difficult and secondary rinsing
can lead to recovering high numbers of them. In many works (CONNER, BILGILI

1994, IZAT et al. 1991) it is reported that recovery of Salmonella spp. is based
on multiple washing and even then not all of them can be recovered.

As shown by the literature discussed and own studies, elimination
of Salmonella spp. from poultry carcass is a complex process that requires
further studies.

Conclusions

1. Lactic acid applied for elimination of Salmonella spp. from elements
of turkey carcasses stored at 4oC for 2, 4 and 6 days showed a relatively strong
influence at concentrations of both 1% and 2%, which depended on the time of
storage.

2. During storage of test turkey samples at 4oC for 2, 4 and 6 days the
number of Salmonella spp. cells decreased.

3. The largest decrease in the number of Salmonella cells as compared to
samples immersed in sterile water, was recorded after 2 days of storage after
application of 1% lactic acid.

Translated by JERZY GOZDEK
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A b s t r a k t

Celem pracy było określenie możliwości zastosowania dziewięciu szczepów z rodzaju Lactobacil-
lus, wyizolowanych z kału niemowląt, jako komponentów szczepionek przemysłowych do produkcji
jogurtów, serów twarogowych i dojrzewających. Nie odnotowano silnych antagonistycznych interakcji
między izolatami, komercyjnymi szczepami probiotycznymi i jogurtowymi. Żaden spośród badanych
izolatów nie wykazał zdolności do wzrostu w temperaturze 3oC, siedem było zdolnych do wzrostu
w 7oC, wszystkie rosły w 12oC i 37oC, a tylko trzy – w 45oC. W podłożach zawierających 10.4% NaCl
i o pH 6,5 odnotowano wzrost czterech szczepów w temperaturze 12oC i sześciu w 37oC. Badane
izolaty nie wykazały zdolności do rozkładu kazeiny i argininy oraz produkcji H2S. Inuliny (HD, IQ,
TEX, HPX) i maltodekstryny (nisko- i średnioscukrzona) dodane do podłoży stymulowały wzrost
izolatów. Właściwości wszystkich izolatów umożliwiają ich zastosowanie w serach twarogowych
i dojrzewających, a szczepów 4a, 4b i 14 w jogurtach.

Introduction

Probiotics are defined as live micro-organisms which when consumed
in adequate amounts confer a health benefit on the host (Probiotics...
2006). When selecting probiotics safety and functionality aspects, such
as: survivability of strains during passage through the gastrointestinal
tract, antagonistic activity against pathogens, as well as their technological
properties, should be considered at the first place (MORELLI 2007). Before
using a probiotic strain as a component of an industrial starter culture
the interactions between probiotic strain and starter culture micro-organisms
should also be investigated, because of the possibility of occurrence of
the negative interaction which may lead to decrease of viability and activity
of the micro-organisms (SAARELA et al. 2000).

Probiotics are used in many food products such as different types of cheese,
yoghurts and milk beverages (BERGAMINI 2009, OLSON, ARYANA 2008, ONG et
al. 2007). These products are characterized by different acidity and consist-
ency. The pH value of fresh milk is about 6.5 to 6.8 and it decreases to about 4.0
to 4.5 in yoghurts, 4.5 to 4.6 in soft white cheeses and 5.2 to 5.4 in hard cheeses
(LITWIŃCZUK et al. 2004). From the technological point of view salts play an
important role in food products. Salt content in hard cheeses reaches 1.4 to
1.9%. Another parameter which affects the microbial ability to grow is water
activity (aw). Water activity of cheeses ranges from 0.70 to 0.99, for extra hard
and soft white cheeses (cottage), respectively, whereas in semi hard cheeses aw

values are around 0.90 (LIU et al. 1998).
The recent trend in food industry is to apply probiotics together with

prebiotics. Prebiotics are dietary components that are not digested in the small
intestine and reach the colon intact. They influence the gastrointestinal
microbiota, affect flavour and texture of products (CASTRO DE et al. 2009,
GUGGISBERG et al. 2009, WANG 2009), but also stimulate the growth
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of probiotics and increase their viability in food products (DONKOR et al. 2007).
The knowledge of the ability of the probiotic micro-organisms to grow in the
presence of prebiotics is crucial in composition of synbiotics products, in which
pro- and prebiotics are used.

In the earlier studies (MODZELEWSKA et al. 2003) Lactobacillus strains were
isolated from faeces of 24 infants. All isolated strains (20) exhibited strong
antimicrobial activity against potentially pathogenic and technological harm-
ful Gram-positive and Gram-negative bacteria. The characteristics of isolates,
including chemotherapeutic resistance, survivability at low pH values and
elevated concentration of bile salts, enabled selection of 9 strains with
the biggest chances to survive in the gastrointestinal tract environment
(MODZELEWSKA-KAPITUŁA et al. 2008). The aim of the present study was to
select the isolates, which may be used as components of starter culture for
yoghurt, white, soft and hard cheeses. Therefore, the interactions among
isolates and some commercial probiotic and yoghurt strains, ability of isolates
to grow at conditions present in production and storage of food products
(pH value, temperature, NaCl content) and their proteolytic activity were
investigated.

Materials and Methods

The test bacteria were Lactobacillus strains (L. plantarum strains marked
as 1, 4b, 14, 18a, 20a, 20b, 22b, 24 and L. fermentum 4a). Before the
experiments the strains were cultured in MRS broth (Merck, Darmstadt,
Germany) at 37oC for 24 h.

The interactions between isolates and commercial strains with probiotic
properties: L. rhamnosus 705, L. casei 163, L. acidophilus NCFM,
L. acidophilus 74-2, B. lactis 420 (Danisco Biolacta, Olsztyn, Poland) and
components of yoghurt starter culture: L. delbrueckii ssp. bulgaricus, Strepto-
coccus thermophilus (isolated from natural yoghurt, Bacoma SA, Warsaw,
Poland) were studied using well diffusion method (MODZELEWSKA-KAPITUŁA,
MARIN-INIESTA 2005). The type of mutual interactions (stimulation or inhibi-
tion) that isolates exhibited towards commercial cultures as well as that
of commercial cultures towards isolates, were determined.

In order to study the influence of physical and chemical factors on growth
of isolates MRS broth at different pH values: 6.5 (pH of fresh milk) and 5.0
(approximate pH of hard cheese) was used. The MRS broth contained 0.0, 3.3,
6.7 and 10.4% of NaCl, which corresponded to water activity 1.0, 0.98, 0.96 and
0.93, respectively (Thermoconstanter, Novasina AG, Zurich, Switzerland).
Bacterial cultures (0.01 cm3) were inoculated into media (9 cm3) and incubated
at different temperatures: 3oC (cooling temperature), 7 and 12oC (hard cheese
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ripening temperatures), 37oC (optimal for bacteria isolated from human
organism). The ability of isolates to grow at 45oC, that is used in yoghurt
production, were also investigated in MRS broth (Merck). The growth
of bacteria was controlled by absorbance measurement (spectrophotometer
Heλios ε, Unicam Ltd. Cambridge, UK) at 650 nm with frequency adjusted to
the rate of bacterial growth until two equal results were noted. If there were no
differences in optical density of cultures the experiment was terminated after
7 days of incubation. In order to quantitatively determine bacterial population
in the cultures the standard curve showing relationship between optical
density and cells number was drawn.

The proteolytic properties of isolates were determined as their ability to
casein and arginine hydrolysis and H2S production. Hydrolysis of casein was
tested on milk agar plates (BURBIANKA et al. 1983). Bacterial cultures contain-
ing 109 cfu cm–3 were inoculated in the form of stripes on surfaces of the plates
and then incubated for 48 h at 37oC at anaerobic conditions (Anaerocult C,
Merck). A strain was considered as possessing ability to hydrolyze casein if
media around the stripe became transparent. Decomposition of arginine was
tested in liquid medium containing arginine (BURBIANKA et al. 1983), which
was inoculated with 0.01 cm3 of bacterial cultures. After 24 h incubation at
37oC Nessler reagent was added to determine ammonia presence (ARICI et al.
2004). Ability of strains to produce hydrogen sulphide was tested on Triple
Sugar Iron agar (TSI, Oxoid Ltd. Basingstoke, UK). During 14 days of
incubation at 30oC the cultures were monitored daily for blackening the media
indicating H2S production (ARICI et al. 2004).

The isolates were tested for their ability to use the following prebiotics as
a carbon source: inulin TEX (polymerization degree DP ≥ 9), HD (DP ≥ 9), IQ
(DP = 9 to 12) (Sensus, Roosendaal, Netherlands), HPX (DP ≥ 23) (BENEO-
-Orafti, Tiennen, Belgium) and maltodextrins of different dextrose equivalent
(DE): low (DE = 10.9) and medium (DE = 16.2) (Pepes SA, Łomża, Poland).
Bullion Standard (Merck) was modified by addition of 0.5 to 2.5% of prebiotic.
As controls Bullion Standard (Merck) and bullion with glucose were used.
The bacterial cultures containing 104 cfu cm–3 were inoculated into media and
incubated for 24 h at 37oC and then the counts of bacteria were determined on
MRS agar (Merck) incubated for 48 h at 37oC at anaerobic conditions
(Anaerocult C, Merck).

Results and Discussion

Commercial probiotic strains L. acidophilus NCFM, 74-2 and B. lactis 420
and yoghurt strains L. delbrueckii sp. bulgaricus and S. thermophilus did not
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inhibit the growth of the strains isolated from infant faeces. It was noted that
L. rhamnosus 705 slightly inhibited the growth of all isolated strains
L. plantarum and L. fermentum (zone of inhibition 5 mm), whereas L. casei 163
slightly inhibited only L. plantarum 14 (zone of inhibition 5 mm). Isolates did
not inhibit the growth of commercial strains except for L. acidophilus NCFM,
which was slightly inhibited (zone of inhibition 4 mm) by L. plantarum 4b and
20a. The combination of strains which interact antagonistically should be
avoided in the products in which a couple of probiotic strains or probiotics and
starter culture are used (TIMMERMAN et al. 2004). This antagonistic interaction
may be caused by acids, hydrogen peroxide and bacteriocins (which have an
effect upon closely related bacteria) produced by lactic acid bacteria (TODOROV,
DICKS 2005). The lack of strong antimicrobial interactions among tested
isolates and commercial strains indicates the possibility of their collective
usage in probiotic products.

None of the strains was able to grow at 3oC regardless of pH value of media
and NaCl concentration (Table 1), thus during storage of food products in such
low temperatures these bacteria will not proliferate. However, this do not
disqualify them as a starter culture components as far as in the final product
high enough number of probiotic cells will be provided. The isolates showed
more diverse growth at 7oC. Strains: 4b, 14, 18a, 20b grew at 7oC at pH 6.5 and
5.0 and NaCl concentration up to 3.3%, whereas strains 4a and 20a did not
grow under these conditions. Along with the increase of incubation tempera-
ture more intense growth of isolates was noted. All strains were able to grow at
12oC, pH 5.0 and aw 0.96. Such conditions are prevailing during hard cheese
ripening and ability of strains to grow under them indicate possible use
of isolates in hard cheese production. The proliferation of probiotic bacteria
during cheese ripening is highly desirable, because it enables to maintain high
population in the final product. In media at pH value 6.5, incubated at 12oC
growth of some strains: 1, 4a, 14, 20a was noted even when salt content
reached 10.4%, which corresponded to aw 0.93. In media at pH 6.5 incubated at
37oC eight strains were able to grow at the presence of 6.7% of NaCl, and only
4a did not. It was noted that strains 4a, 4b and 14 were able to grow at 45oC
(Table 1), at which yoghurt fermentation traditionally proceeds. Thus, the
strains can be used as adjunct cultures, with probiotic properties, without
changes in technology parameters of yoghurt production.

Sodium chloride is a substance commonly used in the food industry, playing
an important role e.g. in cheese ripening process (REINHEIMER et al. 1997).
However it may decrease the growth and viability of bacterial cells (GOMES et
al. 1998). PASSOS et al. (1993) and GÄNZLE et al. (1998) showed that higher
than 3% addition of NaCl into media caused an inhibition of growth of lactic
acid bacteria, whereas lower concentrations of salt (1 to 2%) positively affected
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Table 1
The influence of temperature, pH and sodium chloride on the growth of potentially probiotic

Lactobacillus strains

Parameter Strains

pH oC % NaCl 1 4a 4b 14 18a 20a 20b 22b 24

5.0 3 0–10.4 – – – – – – – – –
6.5 3 0–10.4 – – – – – – – – –

5.0 7 0–3.3 + – + + + – + – –
5.0 7 6.7–10.4 – – – – – – – – –
6.5 7 0 + – + + + – + + +
6.5 7 3.3 – – + + + – + – –
6.5 7 6.7–10.4 – – – – – – – – –

5.0 12 0 +++ +++ +++ +++ +++ +++ +++ +++ +++
5.0 12 3.3–6.7 ++ ++ ++ ++ ++ ++ ++ ++ ++
5.0 12 10.4 – – – – – – – – –
6.5 12 0–3.3 +++ +++ +++ +++ +++ +++ +++ +++ +++
6.5 12 6.7–10.4 + + – + – + – – –

5.0 37 0 ++ ++ +++ +++ +++ ++ +++ +++ ++
5.0 37 3.3–6.7 +++ +++ +++ +++ +++ +++ +++ +++ +++
5.0 37 10.4 – – – – – – – – –
6.5 37 0–3.3 +++ +++ +++ +++ +++ +++ +++ +++ +++
6.5 37 6.7 +++ – +++ +++ +++ +++ +++ +++ +++
6.5 37 10.4 + – + ++ ++ – +++ + –

5.7 45 0 – +++ +++ +++ – – – – –

+ 107 cfu cm–3, ++ 108 cfu cm–3, +++ ≥ 109 cfu cm–3, – no growth

bacterial growth. The isolates tested in the present work showed very high
tolerance to NaCl. It implies a possibility to use them in the production of hard
cheeses which undergoes salting process.

It was noted that isolates showed diverse ability to grow at different
temperature and NaCl concentration in spite of the common origin, which was
gastrointestinal tract of infants. Thus it could be concluded that the ability to
grow at different conditions is a strain, not only species, dependent property.

Tested strains grew similarly in media of pH 5.0 and 6.5, which correlates
well with the results reported by MATAGARAS et al. (2003).

The isolates did not show proteolytic activity. None of them was able to
hydrolyze casein and arginine and did not produce H2S. Proteolytic properties
of lactic acid bacteria which are used as components of starter or adjunct
cultures in unripening fermented dairy products may negatively affect the
sensory properties of products during many weeks of storage (KORNACKI et al.
1997). There are strains of lactic acid bacteria belonging to L. fermentum and
L. plantarum species, which may be able to produce hydrogen sulphide (ARICI

et al. 2004, LEE, SIMARD 1984). In hard cheeses H2S produced during ripening
contributes to desirable flavour profile (URBACH 1995). In other dairy products,
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such as yoghurts and soft cheeses, the presence of H2S indicates the decomposi-
tion of sulphur amino acids, and bacteria able to H2S production are regarded
as technologically harmful (ARICI et al. 2004). The fact, that tested isolates did
not produce H2S increased the possibility of their usage in fermented and
non-fermented dairy beverages, and did not disqualify their application in hard
cheeses production.

Application of synbiotics in production of fermented dairy products re-
quires the determination of prebiotics influence on growth and activity
of probiotic cultures. Growth of isolates in media containing prebiotics was
better than in Bullion Standard and similar or frequently higher than in
bullion with glucose (Table 2). After 24 h of incubation the counts of Lac-
tobacillus sp. ranged from 107 to 108 cfu cm–3 and from 107 to 109 cfu cm–3, in
bullion with glucose and in prebiotic containing media, respectively. Prebiotics
used in the study the strongest stimulated the growth of L. plantarum 4b, 14,
20a as compared to the growth of the isolates in media without glucose. The
results obtained in the study show that lactic acid bacteria are characterized by
diverse ability to use prebiotics as a carbon source. The similar findings were
reported by BIELECKA et al. (2002) and Su et al. (2007).

Table 2
The growth of potentially probiotic Lactobacillus strains (log cfu cm–3) after 24 h of incubation

in media containing prebiotics

Strains

1 4a 4b 14 18a 20a 20b 22b 24
Prebiotic

concentration
Medium

BS 0% 8.2 7.8 7.5 7.5 7.8 7.5 8.0 8.6 8.1
BG 0% 8.8 7.9 8.3 8.0 8.5 8.8 8.3 8.8 8.3

BS+IQ 0.5–2.5% 9.3–9.5 9.4–9.5 9.5– 9.9 9.8 9.4–9.7 9.3–10.0 9.4–9.6 9.5–9.8 9.4–9.7
BS+TEX 0.5–2.5% 8.4–9.0 9.3–9.5 9.8–9.9 9.8–10.0 9.4–9.6 9.3–10.0 9.7–9.8 9.3–9.5 9.4–9.9
BS+HPX 0.5–2.0% 9.2–9.3 8.8–9.0 8.7–9.2 9.4 9.3–9.5 9.3–9.4 8.3–9.4 9.4–9.6 9.5–9.7
BS+HD 0.5–2.5% 9.0–9.3 7.4–9.0 8.7–9.3 9.4–9.6 9.4–9.6 9.0–9.8 9.2–9.7 9.4–9.7 8.8–9.3

BS+m.m. 0.5–2.5% 8.7–9.0 8.7–8.8 9.1 9.4–9.8 9.2–9.7 9.3–9.6 9.3–9.8 9.3–9.4 9.1–9.4
BS+m.l. 0.5–2.5% 9.0–9.2 8.3–8.6 9.1 9.8–9.9 9.5–9.6 9.8–9.9 9.8–9.9 9.4–9.6 9.3–9.4

BS – Bullion Standard, BG – bullion with glucose, m.m. – maltodextrin of medium DE,
m.l. – maltodextrin of low DE

Conclusions

1. There were no antagonistic interactions among yoghurt strains and
L. plantarum and L. fermentum isolates, and amongst B. lactis 420 and
isolates, thus they can be used together in yoghurt production.

2. Weak antagonistic interactions were noted among L. rhamnosus 705
and all of tested L. plantarum and L. fermentum strains. The antagonistic
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interactions were also found between L. casei 163 and L. plantarum 14 as well
as among L. acidophilus NCFM and L. plantarum 4b and 20. These interac-
tions should be taken into consideration in composition of starter culture.

3. There is a possibility to use all tested isolates in soft and hard cheeses
production because of their ability to proliferate in media of lowered water
activity.

4. Strains L. plantarum 4b, 14 and L. fermentum 4a were able to grow at
45oC. Therefore they can be used in yoghurt production while maintaining the
optimal for yoghurt bacteria temperature of fermentation.

5. All isolates grew well in the presence of prebiotics in sugar free
media. These findings show the ability of isolates to use inulins: HD,
IQ, TEX, HPX and maltodextrins of low and medium dextrose equivalent
as a source of carbon.

6. Tested isolates did not show strong proteolytic properties, what enables
their use in probiotic food production.

Translated by MONIKA MODZELEWSKA-KAPITUŁA
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A b s t r a c t

The objective of this study was to evaluate the color of unpackaged and vacuum-packaged
venison during storage. Color parameters L*, a* and b* were assessed in vacuum-packaged samples
after 72, 144, 216, 288 and 360 h of storage, and in unpackaged samples – after 72, 144 and 216 h.
The total change in color ΔE* in comparison with the color of fresh meat was determined. The results
indicate that the storage of unpackaged venison has an adverse effect on color, giving it a darker,
grayish hue. The most profound changes were observed after 144 and 216 h of storage. Vacuum
packaging of venison minimizes color change and has a long-term stabilizing effect for up to 15 days.

WPŁYW CHŁODNICZEGO PRZECHOWYWANIA NA BARWĘ MIĘSA JELENIA

Tomasz Żmijewski, Aleksandra Kwiatkowska, Marek Cierach

Katedra Technologii i Chemii Mięsa
Uniwersytet Warmińsko-Mazurski w Olsztynie

S ł o w a k l u c z o w e: dziczyzna, jeleń, barwa, przechowywanie.

A b s t r a k t

W pracy oceniano barwę niepakowanego i pakowanego próżniowo mięsa jelenia podczas
przechowywania. Oznaczenie parametrów barwy L*, a*, b* wykonano w próbkach pakowanych
próżniowo po 72, 144, 216, 288, 360 h przechowywania, zaś w niepakowanych po 72, 144, 216 h.
Wyliczono również całkowitą zmianę barwy ΔE* w stosunku do barwy mięsa świeżego. Wykazano,
że przechowywanie mięsa jelenia bez opakowania zmienia niekorzystnie jego barwę, powodując
ciemnienie i szarzenie. Zmiany miały największy zakres po 144 i 216 h przechowywania.
Przechowywanie mięsa tego gatunku w opakowaniu próżniowym zmniejsza zakres zmian barwy,
działając stabilizująco w długim okresie (do 15 dni).
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Introduction

Color is one of the most important parameters in evaluating the quality
of raw meat. It is a key criterion for assessing unprocessed meat, as changes in
color are often the first noticeable symptoms of the product’s deteriorating
sensory quality and nutritive value. Adverse changes in color during storage
have a negative impact on the consumer evaluation of meat. The extent of such
undesirable changes can be minimized through the use of various packaging
methods. Vacuum packaging provides the simplest option of modifying the
atmosphere surrounding the packaged product. Although an atmosphere
composed of 80% O2 and 20% CO2 is generally believed to have the most
beneficial effect on meat color, some research findings suggest that vacuum
packaging contributes to the preservation of high-quality color (CAYUELA et al.
2004, DASZKIEWICZ 2007, INSAUSTI et al. 1999, OLIETE et al. 2005, SØRHEIM et
al. 1996). Vacuum packaging is the predominant packaging method at small
plants processing game carcasses. Venison is dark meat with a high content
of heme pigments and iron, which is why chill storage contributes to adverse
changes in its color (DZIERŻYŃSKI-CYBULKO, FRUZIŃSKI 1997, REDE et al. 1986,
STRMISKOVA, STRMISKA 1992).

The objective of this study was to evaluate the color parameters
of unpackaged and vacuum-packaged venison during cold storage.

Materials and Methods

The study was carried out on samples of m. longissimus dorsi of the red
deer (Cervus elaphus). Carcasses of five hinds with average weight of 81 kg
were used. M. longissimus dorsi was removed from the carcasses 24 h post
mortem. Color parameters were evaluated on muscle surface according to CIE
(International Commission on Illumination) standards: lightness (L*), redness
(a*) and yellowness (b*). Measurements were performed using the Dr Lange
Spectro-Color device with an 8 mm measuring aperture, D 65 light source,
standard colorimetric observer with a 10oC field of view, as well as SPEC-
TRAL–QC software. Prior to measurement, the device was calibrated with the
use of a black and white calibration template (Dr Lange). The muscle was
divided into eight parts, five of which were vacuum packaged, and three were
left unpackaged. All samples were stored at a temperature of 4 ±0.5oC, relative
humidity of 85 ±1% and without light access. Color parameters on meat surface
were determined in vacuum-packaged samples after 72, 144, 216, 288 and
360 h of storage, by unpacking the samples two hours prior to analysis (meat
blooming, i.e. the highest level of oxymyoglobin saturation) (WIKLUND et al.
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2001, WIKLUND et al. 2006), and in unpackaged samples – after 72, 144 and
216 h of storage. The results were used to calculate the total change in color
ΔE* after the respective storage time relative to the color determined 24 h post
mortem. The following calculation formula was applied: ΔE* = ((ΔL*)2
+ (Δa*)2 + (Δb*)2)1/2 (BILLER, WIERZBICKA 2003). The results were processed
statistically by computing the arithmetic mean and the standard error of the
mean (SEM) SEM = s/√n, where s – standard deviation, n – number
of samples. The significance of differences was determined with the use
of Duncan’s test at p ≤ 0.01 (GAWĘCKI, WAGNER 1984).

Results and Discussion

The lightness of m. longissimus dorsi of deer carcasses reached 27 units 24 h
post mortem, confirming that venison is dark-colored meat (DASZKIEWICZ 2007,
DZIERZYŃSKA-CYBULKO, FRUZIŃSKI 1997, REDE et al. 1986). Significant changes
in the above color parameter were noted in unpackaged meat already after
72 hours of storage when lightness decreased by 4.6 units. Further storage
resulted in a steady decrease in the investigated color parameter. After 216 h,
the value of L* was only 15 units, i.e. 57% of its initial value, and significant
differences were noted in comparison with the data obtained during previous
measurements (Figure 1).

c y

b y

b y

b
b

b xb x
ab x

a

0

10

20

30

40

24 72 144 216 288 360

storage time [h]

L*

unpackaged muscle vacuum-packaged muscle

Fig. 1. Changes in the L* color parameter of m. longissimus dorsi in the red deer (mean ± SEM) –
the values marked with letters a, b, c on different curves differ significantly at p ≤ 0.01 – the values
marked with letters x, y on different curves after the same storage time differ significantly at p ≤ 0.01
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Vacuum-packaged meat was characterized by the following lightness par-
ameters during storage: 72 h post mortem – 30.77, 144 h p.m. – 32.55,
216 h p.m. – 32.40, 288 h p.m. – 34.51 and 360 h p.m. – 35.76. This parameter
was stabilized when storage conditions were modified to vacuum packaging.
Significant differences were observed between the values determined for
24 h p.m. samples and samples analyzed 144 h p.m. and later. A comparison of
the two experimental storage methods showed significantly lower L* values in
unpackaged meat after an identical time of storage.

Color redness (a*) reached 13 units 24 h post mortem, indicating that this
parameter significantly affects the color of meat from game animals. After
144 h of storage, color redness decreased significantly in unpackaged meat by
11.6 units to 1.6 units. In vacuum-packaged samples, no significant changes in
color parameter a* were noted after 360 h of storage. A comparison of the
redness of unpackaged and packaged muscle samples revealed no significant
differences up to 72 h of storage, while significant differences were observed
after 144 h and 216 h of storage (Figure 2).
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Fig. 2. Changes in the a* color parameter of m. longissimus dorsi in the red deer (mean ± SEM) –
the values marked with letters a, b, c on different curves differ significantly at p ≤ 0.01 – the values
marked with letters x, y on different curves after the same storage time differ significantly at p ≤ 0.01

Contrary to color lightness and redness, color parameter b* was marked by
the least change throughout the experimental period. No differences in this
parameter’s share were noted during the storage of both unpackaged and
vacuum-packaged meat. No significant differences in the share of color par-
ameter b* were observed subject to the applied storage method (Figure 3).
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Fig. 3. Changes in the b* color parameter of m. longissimus dorsi in the red deer (mean
± SEM) – the values marked with letter a on different curves do not differ significantly at
p ≤ 0.01 – the values marked with letter x on different curves after the same storage time
do not differ significantly at p ≤ 0.01

The color parameters of raw meat are determined by various factors, such
as species, sex, age, diet, muscle type, pH, chemical composition, including the
content of heme and other pigments, tissue enzyme activity, water-holding
capacity and morphological structure (BOULLIANNE, KING 1998). In addition to
the packaging method, the results of this experiment could have also been
affected by pH, drip loss and water loss by evaporation from unpackaged meat.
The results of a previous study evaluating the water-holding capacity
of cold-stored venison did not show significant pH differences throughout the
experiment or between unpackaged and vacuum-packaged meat (KWIAT-

KOWSKA et al. 2009). In view of the above, the differences in the color of
unpackaged and vacuum-packaged meat could be attributed to drip loss and
water loss by evaporation from unpackaged samples.

Color lightness results approximate the data characteristic of the meat
of 5-6-year-old farm-raised hinds (STEVENSON et al. 1992), and they are below
the values noted in the meat from young farm animals where L* reaches from
32 to 34 (STEVENSON et al. 1992, VOLPELLI et al. 2003, VERGARA et al. 2003,
WOODFORD et al. 1996). A review of reference data indicates that the storage
of venison under modified atmosphere conditions, with or without oxygen,
over a period similar to that in the presented experiment, leads to a slight
increase in L* values by around 0.5–1.4 units (WERGARA et al. 2003).

The share of the redness parameter in venison color varies, reaching 13–14
units (STEVENSON et al. 1992), 15–17 (POLLARD et al. 2002, WERGARA et al.
2003, WOODFORD et al. 1996), 19 (DASZKIEWICZ 2007), and up to 21 units
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(WIKLUND et al. 2001, WIKLUND et al. 2006). In the investigated meat samples,
the value of a* reached around 13 units, therefore, it was comparable.
In a study by WIKLUND et al. (2006) and POLLARD et al. (2002), the redness
parameter in vacuum-packaged red deer meat increased by around 4.5 units
after 3 weeks of storage. By comparison, the values of color parameter a* in
vacuum-packaged samples in this study differed by around 3 units, therefore,
the differences were statistically non-significant. It can be concluded that
regardless of the applied packaging method, the storage of packaged venison
always has a stabilizing effect on color redness.

The changes noted in the investigated color parameters are validated by
the value of ΔE*. After 72 h, the total change in the color of unpackaged muscle
samples reached 8, after 144 h – 16, and after 216 h – 18. Already after 72 h
of storage, ΔE* was statistically significant, accounting for more than 40% of the
maximum change in this parameter. In comparison with the changes observed
after 72 h, the indicated changes after 144 h and 216 h were significantly higher
(Figure 4). In vacuum-packaged samples, ΔE* reached from 7.35 to 10.16
throughout the experiment, and no statistically significant differences were
noted. A comparison of ΔE* values between unpackaged and packaged muscle
samples revealed significant differences after 216 h of storage.
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Fig. 4. Total change in the color of m. longissimus dorsi in the red deer (mean ± SEM)
– the values for the same storage method, marked with letters a, b, differ significantly at
p ≤ 0.01 – the values for the same storage method after the same storage time, marked
with letters x, y, differ significantly at p ≤ 0.01
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Conclusions

1. Cold storage of unpackaged venison has an adverse effect on color by
significantly lowering the values of such parameters as lightness and redness.

2. Vacuum packaging stabilizes the color of venison cold-stored for mini-
mum 15 days.

Translated by ALEKSANDRA POPRAWSKA
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