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THE EFFECT OF DIETARY MULTICOMPONENT
PRESERVATIVE ON MICROBIOLOGICAL QUALITY
OF MIXTURES FOR SOWS

Daniel Korniewicz', Zbigniew Dobrzanski’?, Adolf Korniewicz’,
Pawet Gajewczyk?

''Wroctaw University of Environmental and Life Sciences
2LNB Poland Ltd, Kiszkowo, Poland

Abstract. The aim of the study was to determine the influence of multicomponent preser-
vative in a loose form on the reduction of bacteria, fungi and mycotoxins in mixtures for
pregnant and lactating sows. The mixtures were stored for 3 months. The research material
were 6 mixtures for pregnant sows and 6 mixtures for lactating ones, differing with the level
of total protein, the addition of crystalline amino acids and preservative. The mixtures were
produced from the same components according to the receipt established. The preserva-
tive in amount of 0.8% was introduced to the experimental mixtures. The following acids
were the active components of the preservative: formic, propionic, phosphoric, citric and
benzoic. The control mixtures and those with the preservative were stored for 3 months in
a storehouse. After 1*t and 3 month of the storage, the total number of bacteria and fungi
was determined, and after 3 months of the storage the content of alfatoxin Bl_, ochratoxin A,
zearalenone and deoxynivalenol was determined.

The preservative applied influenced the reduction in the number of acrobic mesophilic bac-
teria from 1.3x10° to 3.1x10% and a decrease in fungi number from 3.9x10" to 4.0x10' cfu/g.
The highest bacteria reduction was noted in the case of mixtures with the lowest protein
level with an addition of crystalline amino acids. The preservative reduced the content of
alfatoxin B, from 2.0 t0 1.0 ppb. The preservative assessed did not influence the reduction
of ochratoxin A, zearalenone and deoxynivalenol in a significant manner. The content of
these mycotoxins was subject to a decrease of only 20 to 30%.

Key words: feed mixtures, proteih, aerobic bacteria, fungi, mycotoxins

INTRODUCTION

The results of reproductive performance of sows depend to a high degree on the quali-
ty of feed given. It is conditioned by the quality of feed materials used for the production
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Hygiene and Animal Welfare, Wroctaw University of Environmental and Life Sciences, ul.
Chelmonskiego 38C, 51-630, Wroctaw, e-mail: zbigniew.dobrzanski@up.wroc.pl



4 D. Korniewicz et al.

of mixtures, and also by storage conditions. The basic component of feed mixtures for
pigs are cereals which are naturally contaminated by bacteria and fungi [Kiecana 1994,
Korniewicz et al. 1995, 1996a, b, Kozik et al. 1992, Kozik, Korniewicz 1993, Kwiatek et
al. 2008, Gajecki 2009].

That microorganisms develop intensively in a favourable conditions (temperature,
humidity). Cereal grain collected using harvesters needs cleaning and a direct lowering
of humidity up to 14% before the storage. An omission of these treatments before longer
storage may be a direct reason of an intensive proliferation of bacteria and fungi [Kornie-
wicz et al. 1989, Baranowski et al. 2003].

Mycotoxins formed during cereals vegetation and grain storage remain there during
the whole storage period [Baranowski et al. 2003]. That Leeds to losses of nutritional
components of grain and decreases production results of animals fed with such a mixture
[Richter 1989, Richter et al. 1996, Komiewicz et al. 1996a,b). Feed mixtures are an at-
tractive environment for microorganisms development. The most harmful as regards to-
xins formation are mould fungi of Fusarium genus.

Mycotoxins, except their overall toxic activity, may also exhibit carcinogenic, muta-
genic, teratogenic activity and may cause disorders in a proper functioning of reproducti-
ve system {Schaefer et al. 2000, Sweeney 2002, Teilemann et al. 2002].

The most important mycotoxins produced by mould fungi are as follows: alfatoxins
-B,B,G,G, M, M, and ochratoxin A (OTA), zearalenone (ZEA), deoxynivalenol
(DON), fumonisins (FUM). Each mycotoxin is characterised by a specific toxicity and
acts on the health in a specific manner.

DON contained in mixtures for pigs causes appetite loss, vomiting, diarrhea, decrease
in body mass gains [Dénicke et al. 2004]. With the concentration of DON from 1.3 t0 3.5
mg/kg of feed given, there was a decrease in feed intake by fattening pigs [Young et al.
1983, Bergsio et al. 1993]. Cote et al. [1994] in turn demonstrated that the content from
2.5 to 4.5 mg of DON/kg of feed caused some disorders in pigs reproduction.

Zearalenone (ZEA) also known as a toxin F, is a derivative of resorcylic acid. As it is
given by some authors [Obremski 2001, Gajgcki 2002, Glinski et al. 2002, Zwierzchow-
ski 2002] zearalenone is the third the most common mycotoxin. ZEA causes disorders in
estrogenic hormones balance in gilts and sows [Jana and Skwarski 1998].

The typical symptoms of a toxic activity of that mycotoxin are redness, swelling and
inflammatory state of external sexual organs, formation of cysts on oviduct walls, under
development or atrophy of yellow body, sexual cycle disorders, low body mass of new-
born piglets and lowered viability [Etienne and Jemmali 1982, Gajgcki 2002, Zwierz-
chowski 2002].

The study on zearalenone metabolism demonstrate that the toxin after an oral admini-
stration is completely absorbed [Biehl et al. 1993]. ZEA and its metabolites are detected
in blood after 30 minutes from the administration [Olsen at al. 1991, Obremski 2001,
Obremski et al. 2003].

The piglets born alive develop slower as a result of the presence of toxin in mother’s
milk, and an increased number of collapses is observed as a consequence [Sweeney
2002].

Ochratoxin A (OTA) is formed mainly during the storage of barley grain of an exces-
sive humidity. It is assumed that the concentration of 200 mg OTA/kg of feed does not
induce any apparent symptoms of pigs poisoning, however it may cause some patho-
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logical changes in kidneys. As it was demonstrated by Jarczyk et al. [2000] even low dose
of 19 pg/kg of feed may cause diarrhea and collapses in piglets.

Fumonisins (FUM) are a group of toxins of maize origin. The most common is fumo-
nisin B, that influences the synthesis of lipids in nervous cells [Grajewski et al. 2009].

The level of mycotoxins in feed mixtures may be reduced applying treatments like:
cleaning and sorting of damaged grains, binding with sorbents of natural origin like alu-
minosilicates, and by an addition of properly selected chemical preservative. The ability
of the formation of bonds with a sorbent is exhibited by aflatoxin B, and partially by
DON and ZEA. OTA in tum is not subject to sorbent detoxication [Grajewski 1999].

The most effective agents limiting the development of fungi are propionic, citric and
ortophosphoric acids [Korniewicz et al. 1995], and of bacteria the formic one [Eckel et al.
1992, Roth et al. 1992]. Richter [1989] demonstrated the lack of propionic acid influence
on the reduction of ZEA level in cereal grains, and a reduction of 68% of OTA content.

Mycotoxins synthesized by moulds during cereals vegetation maintain a high che-
mical stability during grain storage. Thus, there is a need of particular recognition of
mycotoxins formed in order to select the effective preservative. Grajewski et al. {2009]
demonstrated the results of analysis concerning the presence of fungi and mycotoxins in
cereal grains and feed mixtures available on Polish market in years 2006, 2007, 2008. The
content of fungi, aflatoxin B, DON, ZEA, FUM and NIV was determined. The level of
the contamination of analysed material with fungi and mycotoxins confirms the need of
further monitoring of feed components used for the production of feed mixtures.

The special role in feeding of intensively used pigs is attributed to the level of protein
and exogenous amino acids. As it was demonstrated in numerous experiments [Bura-
czewski and Buraczewska 1997, Fandryjewski et al. 1999, Koriewicz 2004, Korniewicz
et al. 2009] the amount of nitrogen retained in pigs organism with respect to the amount
taken in feed is only 40-48%. The remaining 52% of the nitrogen is expelled with faeces
and urine, presenting a considerable threat to the environment. Thus, due to economic and
ecological respect in pigs feeding it is purposeful to undertake the study concemning the
limitation of total protein level in feed mixtures with a concurrent complement of crystal-
line amino acids that are fully available.

The aim of the present study was to determine an influence of multicomponent pre-
servative in feed mixtures for pregnant and lactating sows on the reduction of bacteria
and fungi and mycotoxins. The effectiveness of that preservative was assessed during the
storage period of feed mixtures of a differentiated content of total protein and an addition
of crystalline exogenous amino acids.

MATERIAL AND METHODS

The research material were 6 feed mixtures of "PS" type for pregnant sows and 6 feed
mixtures of "LS" type for lactating sows. The mixtures differed with respect to the total
protein content and an addition of exogenous amino acids and a preservative.

1 —control group, the level of protein and amino acids recommended in accordance

with Polish standards.

2 —protein level lowered of 10%, supplemented with lysine and methionine, threonine

and tryptophan to the level recommended in accordance with Polish standards.

Medicina Veterinaria 9(1) 2010
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3 — protein level lowered of 20%, supplemented with lysine and methionine, threonine

and tryptophan to the level recommended in accordance with Polish standards.

For all kinds of feed mixtures of "PS" and "LS" kind, the multicomponent preservative
in a powdered form was added in an amount of 0.8%. The preservative was manufactured
by "PROVIT" Ltd. in Kutno (Poland) according to an established recipe. The following
acids were the active components of the preservative: formic, propionic, phosphoric and
citric. Phosphoric, fromic and propionic acids were deposited on a highly absorptive sili-
ca, and then were joined with a loose citric and benzoic acid.

Eight tones of each mixture with an addition of the preservative assessed was produced
in Fodder Plant "PIAST" Lewkowiec (Poland). The samples of 20 kg each from the mi-
xtures manufactured were taken to jute sacks and placed in a storehouse, where they were
stored for the 3 months period. The temperature in the storehouse ranged from 18 to 20°C,
and the relative air humidity was 53-58%.

Feed mixtures for all groups were produced from the same components according to
the established recipe at the "PIAST" Fodder Plant in Lewkowiec (Poland). The basic
feed material for the production of mixtures was barley and wheat meal, beet pulp, wheat
bran, extracted soybean meal and rapeseed oil. In the control mixtures, the 0.8% of the
preservative was replaced by 0.8% of barley meal.

After 1 and 3 months of mixtures storage, the laboratory samples were taken and
were subject to a microbiological assessment in the Department of Veterinary Hygiene
in Wroctaw. Total count of mesophilic aerobic bacteria was determined in the samples
according to the method of PN-EN 1SO 4833:2004, and total fungi count according to the
method of PN-ISO 7954:1999. The incubation time of fungi was 5 days at a temperature
of 25°C. After 3 months of the storage, the separate samples were collected and analysed
with respect to mycotoxins level in the Department of Veterinary Hygiene in Poznan
(Poland). The content of aflatoxin B, ochratoxin A , zearalenone and deoxynivalenol
was determined. The mycotoxins were analysed using HPLC method with fluorescence
detection.

The level of total protein in mixtures for experimental groups was lowered by the
limitation of extracted soybean meal contribution. Amino acids like lysine, methioni-
ne, threonine and tryptophan optimised in mixtures, were equalised to the level recom-
mended in Polish Standards for Pig Feed [1993] by their addition in a crystalline form.
Mineral components and vitamins were supplemented to the recommended level by the
addition of 0.3% of premix to the feed mixtures. The premix was manufactured at LNB
Poland Ltd. Kiszkowo (Poland), according to an established recipe.

The components used for the production of feed mixtures were subjected to chemical
analysis determining the content of basic nutrients. The analysis was conducted according
to mandatory methods [AOAC 1990] in the laboratory of LNB Poland Ltd., and amino
acid composition of protein in feed material used for the production of feed mixtures
was determined using chromatographic method in a laboratory at Degusa AG Hanem-
-Wolfgang in Germany. Based on the results of the analysis, the optimization of nutrient
content in feed mixtures for all groups was done according to experimental assumption.

The calorific value of mixtures was calculated on the basis of analysis of components
and digestibility indices and equations contained in Polish Standards for Pig F eed [1999]
and CVB [2004].

Acta Sci. Pol.
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Detailed composition of feed mixtures for pregnant and lactating sows, and the con-
tent of nutrients in 1 kg of that mixtures are presented in Tables 1 and 2.

Table |. Percentage composition and the content of nutrients in mixtures for pregnant sows
Tabela 1. Sktad procentowy i zawarto$¢ sktadnikow pokarmowych w mieszankach dla loch

prosnych
Feed materials Groups —Grupy
Matcrialy paszowe 1 11 11
control  protcin lowered of 10%  protein lowered of 20%
Nutricnts [ I 1
Sktadniki pokarmowe kontrolna obnizone biatko 0 10%  obnizonc biatko 0 20%
Barley meal — Sruta jeczmienna 31.1575 36.2575 39.5375
Oat meal — Sruta owsiana 25.00 25.00 25.00
Dry beet pulp — Wystodki buraczane suche 25.00 25.00 25.00
Extracted soybean meal - Pockstrakcyjna
Sruta sojowa 8.70 4.50 -
Wheat bran — Otr¢by pszenne 5.00 5.00 5.00
Rapesced oil - Olej rzepakowy 230 2.10 2.00
Preservative — Konserwant 0.80 0.80 0.80
Pasturc chalk — Kreda pastewna 1.05 1.05 1.06
Monocalcium phosphate — Fosforan 0.45 0.49 0.52
jednowapniowy
Pasturc salt — SOl pastcwna 0.23 0.23 0.23
Premix ~ Premiks 0.30 0.30 0.30
Phyzyme XP 4000 TPT — Phyzyme XP
4000 TPT 0.0125 0.0125 0.0125
L-lysinc 98 ~ L-lizyna 98 - 0.15 0.30
L-threonine — L-treonina - 0.06 0.13
D1-methionine — D1-metionina - 0.03 0.07
Tryptophan — Tryptofan - 0.02 0.04
In total - Razem 100.00 100.00 100.00
Content in 1 kg of mixturc:
Zawartos¢ w 1 kg micszanck:
Net cnergy — Energii netto [keal] 2082 2080 2084
Metabolic cnergy — Energii metabolicznej
[MJ] 12.10 12.09 12.11
Total protein — Biatka ogélnego [%] 13.00 11.72 10.33
Crude fibre - Wiokna surowego [%] 9.59 9.65 9.70
Crude fat — Thuszczu surowego [%] 4.74 4.56 4.47
Crudc ash — Popiotu surowego {%] 5.55 5.41 5.26
Ca {%] 0.80 0.80 0.80
P [%)] 0.44 0.44 0.43
Na [%] 0.15 0.15 0.15
Lysine — Lizyny [%] 0.64 0.64 0.64
Mcthionine — Mctioniny [%] 0.20 0.21 0.22
Mcthionine + Cystinc — Mctioniny +
cystyny [%] 0.46 0.45 0.45
Threonine — Treoniny [%] 0.48 0.48 0.48
Tryptophan — Tryptofanu {%] 0.15 0.15 0.15
[zoleucin — [zoleucyny [%] 0.49 0.42 0.35
Valine — Waliny (%] 0.65 0.58 0.51

* In the control mixtures, 0.8% of the prescrvative was replaced by 0.8% of barley meal.
W micszankach kontrolnych w micjsce 0,8% konserwantu zwigkszono o 0,8% $rut¢ jeczmicnng.

Medicina Veterinaria 9(1) 2010
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Table 2. Percentage composition and the content of nutrients in mixtures for late pregnant
and lactating sows

Tabela 2. Skiad procentowy i zawarto$¢ skladnikéw pokarmowych w mieszankach dla loch wysoko-
prosnych i karmiacych

Fced materials Groups — Grupy
Materiaty paszowe 1 I m
. control protein lowered of 10% protein lowered of 20%
Nutricnts
Sktadniki pokarmowce ! . [.l . I.H
kontrolna obnizonc biatko o 10% obnizone biatko o 20%

Barley meal - Sruta jeczmienna 39.00 39.00 39.00
Wheat meal — Sruta pszenna 32.6525 37.5875 39.9275
Extracted soybean meal

Pockstrakcyjna $ruta sojowa 17.15 11.50 8.80
Wheat bran ~ Otrgby pszenne 4.00 4.50 4.70
Rapeseed oil - Olej rzepakowy 2.80 2.65 2.60
Preservative — Konserwant 0.80 0.80 0.80
Pasture chalk — Kreda pastewna 1.62 1.62 1.62
Monocalcium phosphatc

Fosforan jednowapniowy 0.95 1.00 1.05
Pasture salt — S6l pastewna 0.46 0.46 0.46
Premix — Premiks 0.30 0.30 0.30
Phyzyme x P - Phyzyme x P 0.0125 0.0125 0.0125
L-lysine 98 — L-lizyna 98 0.190 0.370 0.460
L-threonine - L-trconina 0.035 0.065 0.080
DL — methionine 99 - 0.025 0.040

DL - metionina 99
Tryptophan - Tryptofan

In total — Razem 100.00 100.00 100.00

Content in | kg of mixture:
Zawarto$é¢ w 1 kg micszanck:

Net energy — Energii netto [kcal] 2283 2283 2284
Metabolic cnergy — Energii

metabolicznej [MJ] 13.27 13.27 13.27
Total protein - Biatka ogolnego [%] 17.00 15.32 14.52
Crude fibre — Widkna surowego [%o] 348 347 3.46
Crude fat - Thuszczu surowego [ %} 4.54 438 433
Crude ash — Popiotu surowego [%] 5.59 5.41 5.34
Ca [%) 0.95 0.95 0.95
P (%] 0.64 0.64 0.64
Na [%] 0.20 0.20 0.20
Lysine — Lizyny {%] 0.94 0.94 0.94
Methionine - Mctioniny [%] 030 0.30 0.30
Methionine + Cystine [%] 0.62 0.60 0.59
Metioniny + cystyny [%]

Threonine — Trcomny [%] 0.63 0.63 0.63
Tryptophan — Tryptofanu [%] 0.22 0.22 022
[zoleucin — [zoleucyny [%] 0.68 0.59 0.54
Valine — Waliny [%] 0.80 0.70 0.66

* In the control mixtures, 0.8% of the preservative was replaced by 0.8% of barley meal.
W mieszankach kontrolnych w micjsce 0,8% konserwantu zwigkszono o 0,8% srutg jgczmienna.

Acta Sci. Pol.
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RESULTS

"PS" mixtures for pregnant sows

The mixtures were manufactured from well dried feed materials that is confirmed by
dry matter value (88.6-88.2%). The basic differentiating factor was the level of total pro-
tein 13.0-11.7-10.3%, and an addition of the preservative in an amount of 0.8% to expe-
rimental mixtures. The total count of mesophilic aerobic bacteria in control mixtures after
1 month of storage (tab. 3) was similar (1.3x10°-1.8x10°-1.5x10%) and did not depend
on the protein level. In the experimental mixtures with an addition of the preservative in
turn, the high reduction in bacteria number was observed (1.8x10%-1.6x10°-3.5x10?). The
highest reduction in bacteria count was noted in the mixture of the lowest protein content.
The analysis conducted after 3 months of the storage prove that the number of aerobic
bacteria in control mixtures was not subject to change. In the experimental mixtures with
an addition of the preservative in turn, the further reduction in bacteria number up to
1.1x10° was observed.

The number of toxin-forming fungi in control mixtures after 1 month of storage
was almost the same and did not depend on the protein level in that mixtures (2.4x10*
2.7x10% cfu/g. The preservative applied influenced the considerable reduction in fungi
number (1.2x10%) cfu/g. After 3 months of storage, the same level of fungi (2.4x10%) was
maintained in the control mixtures, while in those with the preservative there was further
reduction in fungi number up to 1.9x10” cfu/g.

"LS" mixtures for lactating sows

That mixtures, similarly like "PS" type ones, were manufactured from well dried feed
material, and dry matter content was 88.5-88.2—88.0%.

The basic differentiating factor was the level of total protein 17.0-15.3-14.5% and
an addition of the preservative in an amount of 0.8% to the experimental mixtures. Total
number of aerobic mesophilic bacteria in control mixtures after 1 month of storage (tab. 4)
was the same (1.3x10°-1.1x10°) and did not depend on protein level in mixtures and ami-
no acids addition. In the experimental mixtures with the preservative addition in turn, the
considerable reduction in bacteria number up to do 1.1x10* was observed, and in the case
of mixtures with the lowest protein level even up to 3.1x10%. After 3 months of storage,
the bacteria number in control and experimental mixtures stayed on the same level.

The number of toxin-forming fungi in the control mixtures at the 1* month of the sto-
rage was the same (3.9x10°) and did not depend on the protein level. The addition of the
preservative to these mixtures influenced the reduction in fungi number up to do 2.3x10?
cfw/g. That profitable influence of the preservative on fungi reduction was observed in the
further period. After 3 months of the storage, the decrease in fungi number up to 4x10"
cfu/g was noted.

In the mixtures of "LS" type for lactating sows, the considerably lower number of
aerobic bacteria and fungi, as compared to mixtures of "PS" type for pregnant sows,
was observed. It concerned the control mixtures as well as those with the preservative
addition. Such a big difference resulted from the fact that the mixtures of "LS" type were
in granulated form. Thus, the granulation process influenced also the microbiological
quality of the mixtures compared.

Medicina Veterinaria 9(1) 2010
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Table 3. Microbiological assesment of feed mixtures of "PS" type for pregnant sows during
the storage period

Tabela 3. Ocena mikrobiologiczna mieszanek petnoporcjowych dla loch prosnych typu ~LP”
w okresie przechowywania

Control Protein level [%]
"C" Poziom biatka {%]
Storage period Kc;gt‘r :
Spectfication {months] ”
Wyszczegolnienie Okres przechow. .
[micsiace) E"pe,f‘é‘,}c‘“‘" 13.0 1.7 10.3
Dosw.
D7
Dry matter (%] 88.6 88.4 88.2
Sucha masa [%]
C 1.3x10° 1.8x10° 1.5x10°
Total number of acrobic 1
mesophilic bacteria [cfuw/g] E 1.8x10* 1.6x10* 3.5x10°
Ogolna liczba baktcrii
tlenowych mezofilnych
oWyl mezoly c 1.4x10¢ L7xi0f 1.2x10°
Litlvg] 3
E 8.1x10° 1.2x10° 1.1x10°
C 2.4x10* 2.5x10% 2.7x10*
Number of toxin-forming 1
fungi [cfu/g] E 1.6x10° 1.8x10° 1.2x10°
Liczba grzybéw
toksynotworczych [jtk/g]
C 2.5x10* 2.6x10* 2.8x10*
3
E 1.8x10? 1.0x10° 1.0x10°

x) Allowable levels:
Bacteria — 3x10°
Fungi — 200 000

x) Dopuszczalne poziomy:
Bakterii — 3x10°
Grzybow - 200 000

Acta Sci. Pol.
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Table 4. Microbiological assesment of feed mixtures of "LS" type for lactating sows during
the storage period

Tabela 4. Ocena mikrobiologiczna mieszanek petnowartosciowych dla loch karmiacych typu, LK™
w okresie przechowywania

Control Protcin level [%]
"C" Poziom biatka [%]
Storage period Kontr.
Specification [months] WK
Wyszczegolnienic Okrcs przechow. Experimental
[mlCS]QCC] "E" ]7,0 ]5.3 14.5
Dosw.
»D”

Dry matter [%] 88.5 88.2 88.0
Sucha masa

C 1.3x10° 1.1x10° 1.1x10°
Total number of acrobic 1
mesophilic bactcria E 1.1x10* 9.1x10? 3.1x10?
[cfug]
Ogolna liczba bakterii C 3.8x10° 2.x10° 1.2x10°
tlenowych mezofilnych 3
lti/el E 9.1x10? 1L1x10° 3.1x10°

C 3.9x10° 3.9x10° 3.2x10°
Number of toxin-forming 1
fungi [cfu/g] E 2.3x10° 3.0 x10? 4.6x10°
Liczba grzybéw
toksynotwoérczych
Litk/g] C 39x10°  33x10°  46x10°

3
E 4.0x10' 7.5x10' 4.0x10'
Mycotoxins

The analysis of all the mixtures with respect to the presence and the level of myco-
toxins were conducted once only, after 3 months of storage. The results of the analysis
are presented in Tables 5 and 6.

"PS" type mixtures for pregnant sows

The presence of analysed mycotoxins was noted in all the mixtures. The amount of
aflatoxin B, in control mixtures was on the level of 7.5-6.2 ppb. The preservative used in-
fluenced the significant decrease in that mycotoxin amount in particular mixtures (2.8-1.5
ppb). In the case of mixtures with lowered protein level, control ones and those with the
preservative, lower amount of aflatoxin B, was observed.

Ochratoxin A was present in the same amount in the case of control mixtures and
those with the preservative as well. The tendency to an increase in ochratoxin A content
in mixtures with lowered protein level is observed. The content of zealarenone in the
control mixture was 120 ppb. The preservative used significantly reduced the content of
that mycotoxin up to 95 ppb. Lower concentration of ZEA was observed in all mixtures
with reduced protein level.
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Table 5. Mycotoxins content in feed mixtures of "PS" type for pregnant sows after 3 months
of storage

Tabela 5. Zawartos¢ mikotoksyn w mieszankach pelnowartosciowych typu ,LP” dla macior
prosnych po 3 miesigcach przechowywania

Control "C" Protein [evel in mixtures [%)
Specification Kontrolna ,,K” Poziom biatka w mieszankach [%]
Mycotoxin B - "
Wyszczegodlnienie xpc'r'lg'l'cnta :
Mikotoksyna . 13.3 11.7 10.3
Doswiadcz.
D"
Aflatoxin B, [ppb] C 75 6.6 6.2
Aflatoksyna B, [ppb] E 2.8 1.6 1.5
Ochratoxin A (OTA) [ppb] C 18.1 219 220
Ochratoksyna A (OTA) [ppb] E 18.0 21.0 22.0
Zealarenone (ZEA) [ppb] C 120 98 80
Zealarenon (ZEA) [ppb] E 95 86 66
Deoxynivalenol (DON) [ppb] C 116 98 89
Deoksyniwalenol (DON) [ppb] E 106 71 69

% Allowable content in feed mixtures of 12% humidity ® Dopuszczalna zawartos¢ w mieszankach petnowarto-

for sows: Sciowych o wilgotnosci 12% dla swin:
— Aflatoxin B, —0.02 mg/kg = 20 ppb — Aflatoksyna B, - 0,02 mg/kg = 20 ppb
— Ochratoxin A — 0.05 mg/kg = 50 ppb - Ochratoksyna A - 0,05 mg/kg = 50 ppb
— Zealarenone —0.25 mg/kg = 250 ppb — Zealarenon - 0,25 mg/kg = 250 ppb
— Deoxynivalenol — 0.9 mg/kg = 900 ppb — Deoksyniwalenol - 0,9 mg/kg = 900 ppb

Table 6. Mycotoxins content in feed mixtures of "LS" type for lactating sows after 3 months
of storage

Tabela 6. Zawarto$¢ mikotoksyn w mieszankach pelnowartosciowych typu ,,LK” dla macior
karmiacych po 3 miesiacach przechowywania

Specification Control "C" Protein level in mixtures {%]
Mycotoxin Kontrolna ,.K” Poziom biatka w mieszankach [%]
Wyszczegolnienie Experimental. "E"

Mikotoksyna Doswiadcz. ..D” 170 153 145
Aflatoxin B [ppb] C 2.0 1.8 1.7
Aflatoksyna B, [ppb] E 1.0 1.0 1.1
Ochratoxin A (OTA) [ppb] C 16.6 16.0 15.0
Ochratoksyna A. (OTA) [ppb] E 15.0 14.5 14.0
Zealarenone (ZEA) [ppb] C 92.0 59.0 54.0
Zealarenon (ZEA) [ppb] E 13.4 8.7 7.2
Deoxynivalenol (DON) [ppb] C 106.0 104.0 102
Deoksyniwalenol (DON) [ppb] E 84.0 83.0 80.0
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The content of deoxynivalenol (DON) was the highest in the control mixture (116
ppb). The preservative reduced the formation of that mycotoxin in the control mixture up
to 106 ppb. In the control mixtures with reduced protein level, the content of DON was
lower of about 20%, and in the mixtures with the preservative of 34%.

"LS" type mixtures for lactating sows

The presence of analysed mycotoxins was noted in all feed mixtures for lactating
sows. The concentration of that toxins was differentiated depending on the preservative
used and protein level in the mixtures assessed.

The amount of aflatoxin B, in control mixtures was on similar level, i.e. 2.0-1.8-1.7
ppb. The preservative used significantly reduced the content of that toxin up to 1.0 ppb.
The content of ochratoxin A in the control mixtures did not depend on the protein level
and was from 16.6 to 15.0 ppb. The preservative had very slight influence on the reduc-
tion of that toxin, i.e. only of 10% as compared to the control mixtures. The content of ze-
alarenone in the control mixture was the highest, i.e. 92 ppb. In the mixtures with reduced
protein level in turn, the concentration of that mycotoxin decreased up to 54 ppb.

The content of deoxynivalenol (DON) in the control mixture was similar 106—102
ppb). The preservative influenced also the reduction of that mycotoxin of about 20%
independently on the protein level in the mixtures analysed.

Comparing the results of "PS" type mixtures to "LS" mixtures, it should be stated
that the granulation process influenced the lower concentration of mycotoxins analysed.
Especially high differences applies to alfatoxin B,.

DISCUSSION

The common practice in the production conditions is an application of preservatives
and acidifiers in feed mixtures for piglets and fattening pigs. There 1s lack of preservatives
aimed at an application in feed mixtures for pregnant and lactating sows on a domestic
market. Thus, the authors elaborated the recipe of multicomponent preservative on a mi-
neral carrier, and its efficiency was assessed during the period of mixtures storage. Feed
mixtures for pregnant sows contained only 11.4-11.8% of water, thus that conditions were
not favourable for a development of bacteria, since the threshold value for them is 13%.
The total count of aerobic bacteria in the mixtures analysed did not exceed the allow-
able value of 3x10° cfu/g. The preservative used appeared to be a very effective agent
reducing the number of bacteria up to 1.1x10° cfu/g. That effectiveness results from rela-
tively high content of formic acid in the preservative used. In another study, Korniewicz
et al. [1995] using the preparation containing 60% of formic acid for the preservation of
grain and mixtures, demonstrated even higher reduction in bacteria number from 2.3x10°
to 4.3x102. The high effectiveness of formic acid in a reduction in bacteria proliferation
in mixtures for pigs was demonstrated by Eckel et al. [1992].

The number of toxin-forming fungi in all the mixtures for pregnant and lactating sows
did not exceed the permissive level of 200 000 cfu/g. It is also the proof of the high
quality of feed materials used in that mixtures manufacturing. The preservative used cau-
sed a reduction in fungi number in mixtures as soon as after | month of storage. Such
a high effectiveness of the preservative results from high contribution of propionic,
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phosphoric and citric acids in the preservative. In another study, Kozik et al. [1992],
Komiewicz et al. [1995, 1990} demonstrated that propionic acid or its salts added to feed
mixtures for piglets caused 10-fold reduction in the fungi number.

Kubizna [2009] analysing the results of microbiological assessment of 1984 samples
of mixtures and feed materials from Lower Silesia and Opole Voivodship in a period of
2003-2007 demonstrated a clear increase in the fungi flora concentration, especially in
the case of mixtures for pigs, from 3.39 to 4.01 log 10 cfu/g. That data point the need of
preservatives application, not only in mixtures for piglets, but for fatteners and sows as
well. Kwiatek et al. [2008] demonstrated, that in the period of 2003-2006 in Poland, the
highest level of fungal contamination concerned the cereal grain, and it was 10%cfu/g. The
author proved that the regression of the results obtained point a slow, however systematic,
improvement in microbiological quality of feed materials used in Poland. It especially
concerns to extracted meals from oilseed plants, and cereal grain to a lower degree.

Mycotoxins produced by fungi microflora were noted in all mixtures for pregnant and
lactating sows, however their concentration did not exceed the values recommended by
the European Community [2006]. The addition of multicomponent preservative appeared
to be very effective in aflatoxin B, reduction.

Grajewski et al. [2009] presented the results of the analysis of mycotoxins in cereal
grain, feed mixtures in a period of 2006-2008. The analysis gathered concerned: aflato-
xins — 457, ochratoxins A — 523, zearalenone — 637, deoxynivalenol — 757, fumonisins
— 106.

The mean of positive samples in the mixtures analysed was as follows: aflatoxin B -
0.08 ppb, ochratoxin A — 27.2 ppb, deoxynivalenol — 160-230 ppb, zearalenone — 15-35
ppb.

The level of mycotoxins contamination of feed mixtures available on the market de-
monstrate the need of a constant monitoring and an application of agents reducing their
concentration, including preservatives.

The results concerning a microbiological assessment of mixtures for sows obtained in
the present study prove the purposefulness of an addition of an effective preservative in
order to improve the quality of mixtures.
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WPLYW DODATKU KONSERWANTU WIELOSKEADNIKOWEGO
NA JAKOSC MIKROBIOLOGICZNA
MIESZANEK PELNOPORCJOWYCH DLA LOCH

Streszczenie. Celem podjetych badan bylo okreslenie wplywu konserwantu wielo-
skladnikowego w postaci sypkiej na redukcj¢ bakterii, grzybow oraz mikotoksyn
w mieszankach pemoporcjowych przechowywanych przez 3 miesiace dla loch prosnych
i karmiacych. Material badawczy stanowito 6 mieszanek dla loch prosnych i 6 mieszanek
dla loch karmigacych, rézniacych si¢ poziomem biatka ogéinego i dodatkiem krystalicznych
aminokwasOw oraz konserwantu. Mieszanki zostaly wyprodukowane z tych samych kom-
ponentow wedtug ustalonej receptury. Do mieszanck doswiadczalnych dodawano konser-
wantu w ilosci 0,8%. Skladnikami aktywnymi tego konserwantu byty kwasy: mrowkowy,
propionowy, fosforowy, cytrynowy i benzoesowy. Wyprodukowane mieszanki kontrolne
i z konserwantem przechowywano przez okres 3 miesigcy w warunkach magazyno-
wych. Po 1. i 3. miesigcu przechowywania okreslono ogolna liczbe bakterii i grzybow, a po
3 miesiacach magazynowania okreslono zawartos¢ aflatoksyny B, ochratoksyny A,
zearalenonu i deoksyniwalenolu.

Stosowany konserwant wptynat na redukcje bakterii tlenowych mezofilnych z 1,3x10¢ do
3,1x 10? oraz zmniejszenie liczby grzybow z 3,9x10° do 4,0x10' jtk/g. Najwigksza redukcje
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bakterii stwierdzono w mieszankach o najnizszym poziomie biatka z dodatkiem krystali-
cznych aminokwasow. Konserwant zredukowat zawarto$é aflatoksyny B, z 2,0 do 1,0 ppb.
Oceniany konserwant nie mial wigkszego wptywu na redukcj¢ ochratoksyny A, zearanele-
nonu i deoksyniwalenolu. Zawarto$¢ tych mikotoksyn ulegla zmniejszeniu tylko o 20 do
30%.

Stowa kluczowe: mieszanki paszowe, biatko, bakterie tlenowe, grzyby toksynotworcze,
mikotoksyny
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ANIMAL REMAINS FROM THE ARCHAEOLOGICAL
EXCAVATION AT GROMNIK HILL (RUMMELSBERG)
IN POLAND

Aleksander Chroszcz', Anna Krupska'!, Maciej Janeczek',
Norbert Pospieszny', Krzysztof Jaworski?, Aleksandra Pankiewicz?

!Wroctaw University of Environmental and Life Sciences
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Abstract. The Gromnik excavations were carried out between 2005 and 2007 as the part
of an extensive scientific project. During the visual-comparative analysis the animal bone
remains were identified and classified. The osteometric measurements and osteoarchaelo-
gical analysis was carried out. The osteoarchaeological investigations proved the majority
of bovine remains. The shoulder height estimated and the percentage of bone remains are
similar to other medieval findings in Silesia. Some marks of human activity according to the
animal body utilization were described. The x-ray investigation of bovine finger skeleton
with pathological changes was done.

Key words: osteoarchaeology, archacozoology, species differentation, osteometry, cattle

INTRODUCTION

The zooarchaeological sources can be helpful in human environment and animal use
reconstruction [Marcinak 2003]. The study on animal morphology and pathological chan-
ges observed in skeletons could not be performed successfully without the basic know-
ledge on animal anatomy, pathology and breeding. Therefore, authors of this study tried
to describe the animal morphotype and human-—animal relations on the base of accessible
artifacts. We hope, the findings can be useful for other studies on animal role and its uti-
lization in history.

Archeological site at Gromnik (Strzelinskie foothills, Lower Silesia) has been known
to archeologists since the 2™ half of the 19™ c. This is a multicultural site, the archeologi-
cal materials from the Neolithic (Lengyel Culture), Bronze Age and early Iron Age (Lusa-
tian Culture) and Middle Ages were found. Archeological research in 2005-2007 proved,
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prehistoric artifacts (Neolith, Bronze Age and Iron Age) constitutes only a few part of
total collection discovered at the site [Demidziuk 2007, Jaworski and Pankiewicz 2007].

Domination of artifacts dated to the Middle Ages is clear. During the investigations,
two phases of Medieval settlement at the top of Gromnik were identified: Early Medieval
phase, dated to the 2™ half of the 9™ and the beginning of the 10™ ¢., and Late Medieval
(the 15" ¢.) phase. The first Medieval settlement was Slavic tribal stronghold. Tschimn fa-
mily castle was build on the top in the 30°s of the 15% ¢., it was destroyed after 1475. Two
buildings (pit-house and frame building) discovered on the west side of the top, pits and
cultural layers form the central part of the site were the parts of late settlement [Jaworski
and Pankiewicz 2007]. Finally Gromnik view tower was built in 1825 with basal part of
the rotunda ruins use. Latter building was completely destroyed during the Second World
War [Matachowicz 2007].

A masonry sacral structure (a rotunda with two apses), which was discovered in the
centre of the top, may be also dated back to the Middle Ages. Linking this construction to
the older or younger phase of Medieval settlement is impossible now. Its form resembles
the design typical for sacral architecture from the 9" — beginning of the 10" c., but the
layers inside this building proved its late Medieval chronology [Jaworski and Pankiewicz
2007].

MATERIAL AND METHODS

The animal remains consist of 912 bones, the majority of them were strongly frag-
mented. According to chronology, the whole material was divided in two parts: Early
Medieval settlement remains (the 2" half of the 9" — beginning of the 10® ¢.) and knight’s
castle artifacts from 15% century.

The investigated material was identified according to methods introduced by Driesch
[1976], Bochenski et al. [2000] and Lasota-Moskalewska [2008]. The osteometric mea-
surements, sex identification and animal height estimation were carried out with use of
procedures proposed by Boessneck [1956], Catkin [1960], Howard [1963], Fock [1966].

We attempted to state some hypothesis due to human life style and animal use in this
historic period.

RESULTS

The species analysis of archaeological bone remains form Gromnik was presented in
Diagram 1. Due to the bone fragments condition, the species identification was successful
in 67%. The unidentified bone material equals 33%. The anatomical analysis of identified
animal skeleton remains was displayed in Table 1. The comparison of two investigated
animal bones groups proved small differences between them (Diag. 2), except the last
one (species unknown). The osteological measurements of the metapodial bones and the
shoulder height calculations in cattle was shown in Table 2. The mean value of these cal-
culations equals 1107,98 mm and 1116,79 mm for the metacarpal bones and 1087,72 mm
for the metatarsal bone. The examples of human and animal activity visible in the bone
surface was presented in Figures 1-4 and 6. The radiographic image of the bovine finger
skeleton was shown in Figure 5.
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Diagram 1. The percent participation in Gromnik osteological remains

Diagram 1. Udzial procentowy szczatkéw kostnych poszczegdlnych gatunkéw zwierzat w znale-

ziskach z Gromnika]

Table 1. Detailed partition of bone remains in Gromnik archeaological site (pp. — probably)
Tabela 1. Szczegotowy rozkiad szczatkéw kostnych w stanowisku gromnickim (pp — prawdopo-
dobnie)
g i
Fragment kostny §. -§§n 'E -g
Bone fageoent [=3K) -2 § [ E "";.: % E 3
1 2 3 4 5 6 7 8 9
Cranium 21 5 1 8
Dentes (fragm.) 8
Dentes incisivi 2 1 3 1 pp.
Dentes buccales 14 11 5
Dentes buccales (juv) 3 2
Vertebrae 30 7 1 (pp), 1 2
Costae 69 5 2 3 1 22
Sternum 1
Scapula 26 4
Humerus 37 3 2
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Table | cont.
Tabela 1 cd.
1 7 8 9

Humerus (juv.) 3

Radlius 9 1 pp. 2

Radius et Ulna 3

Radius (juv.) 3

Ulna 15

Os carpt 1

Os carpi radiale

Os carpaie IV

Os metacarpale 30

Metapodium 40

Phalanx proximale 4

Phalanx media 2

Phalanx distale 4

Pelvis 14

Pelvis (juv.)

Acetabulum 5 1

Femur 12 1 pp. 6

Femur (juv.) 1 |

Patella 1

Tibia 31 1 pp.

Tibia (juv.) 2

Fibula

Os maleolare I

Talus 3

Calcaneus 9

Calcaneus (juv.) 1

Os tarsale 1

centroquartale

Os metatarsale 5 1 pp.

Os longum 25 2

Os coracotdeum

Os talotobiale

Femur (aves)

Acta Sci. Pol.



Animal remains from the archaeological excavation... 23

Diagram 2. The comparison of osteological remains from early Middle Ages and 15th century
Diagram 2. Poréwnanie rozkladu gatunkowego szczatkéw kostnych datowanych na wczesne
sredniowiecze 1 wiek XV

Table 2. The shoulder heigth estimation based on metapodial measurements in cattle [mm] (GL
— the greatest lenght of metapodium, Bp — the greatest breath of proximal metapodium
extremity, Bd — the greatest breadth of distal metapodium extermity, KD — the smallest
breadth of metapodium body, UD - the smallest circumference of metapodium body)

Tabela 2. Wysokos¢ w klebie ustalona na podstawie pomiaréw kosci metapodium bydta (GL - naj-
wieksza dhugo$¢ kosci metapodium, Bp — najwigksza szerokos¢ konca blizszego kosci
metapodium, Bd — najwigksza szerokos¢ konca dalszego kosci metapodium, KD - naj-
mniejsza szerokos¢ trzonu ko$ci metapodium, UD — najmniejszy obwdd trzonu kosci

metapodium)
Nr of bone
remain Bonc
Nr fragment
. GL Bp Bd KD Ub
inwentarzowy Fragment
szczatku kostny
kostnego
1 2 3 4 5 6 7
213/07 o 179,65 48,13 4935 25,62 =
metacarpale
213/07 os 186,71 52,56 51,69 28,22 8,44
metacarpale
65/07 o 199,95 46,51 52,06 27,65 9,45
metatarsale
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Table 2 cont.
Tabela 2 cd.
1 2 3 4 5 6 7
Shoulder height — Wysokosé w kigbie
According to Fock A;zz:::;f':o According to Catkin
Wedlug Focka Wedlug Boessnecks Wedlug Calkina
213/07 os 1077.9 1133,59 1074,31
metacarpale
213/07 o 112026 1178,14 1116,53
metacarpale
65/07 os 1069,7 1125,72 1067,73
metatarsale

Fig. 1. Distal part of sheep/goat scapula. The results of hewing the glenoidal cavity from the rest
of scapula

Ryec. 1. Odcinek dalszy topatki owcy/kozy. Oddzielenie panewki fopatki od reszty kosci jest wyni-
kiem czynnosci zwiazanych z podzialem tuszy
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10 cm

Fig. 2. Bovine thoracic limb skeleton. The long bones body broken apart caused by human
activity

Ryc. 2. Elementy szkieletu konczyny piersiowej bydia. Rozlupanie trzonéw kosci dhugich jest
przejawem dziatalnosci ludzkiej

Fig. 3. Examples of distal parts of the bovine limb skeleton
Ryc. 3. Przyktady zachowanych czgsci obwodowych szkieletu konczyn bydta
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Fig.. 4. Bovine finger with pathological changes
Ryc. 4. Kosci palca bydta ze zmianami patologicznymi

Fig. 5. Radiographic picture of bovine finger bones with bone tissue changes
Ryc. 5. Radiogram palca bydta z widocznymi zmianami struktury tkanki kostnej
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10 mm

Fig. 6. Distal exteremity of pig’s humerus. The bone scraps were throwed out and it were the
objects of canine manipulations

Ryc. 6. Koniec dalszy kosci ramiennej $wini. Szczatek kostny zostal wyrzucony, a nastgpnie stat
si¢ obiektem manipulacji psa

DISCUSSION

According to the suggestions introduced by Marciniak [2003], our investigations will
include not only standard procedures used in archaeozoology, but also we would like to
describe the animal role and husbandry in human environment during the existence of
settlements in Gromnik.

The archaeological investigations stated the hypothesis of early uninhabitance in
Gromnik Hill, but it would be probably the place of worship during Lusatian culture
[Jaworski and Pankiewicz 2007]. Very low quantity of ceramic remains form this period
and the great number of well known lusatian colonization places at the foot of hill could
confirm above mentioned assumption [Gaik et al. 2005, Jaworski and Pankiewicz 2007].
The exact worship center location was not discovered. Even ignoring the chronology, the
post-offering character of these findings can not be proved. Other excavations in Silesia
proved a lot of Medieval settlements with the great number of bone remains and its qu-
antitative and qualitative character is similar to observed in Gromnik Hill [Chrzanowska
1975, Wyrost 1979, Chrzanowska and Krupska 2001]. It is clear, the majority of bovine
remains, ca. 67% of total bones amount (Diag. 1). Therefore this work concentrates on
cattle bone remains.

The Gromnik stronghold area was estimated on 3000 m?. On the contrary to others
Slesian settlements, it was one of the largest. Moreover, the existence of double absided
rotunda at the hill top, probably from the Great Moravian period, makes this archaeo-

Medicina Veterinaria 9(1) 2010



28 A. Chroszcz et al.

logical excavation even more interesting, as a location of the oldest place of christian
worship in Silesia and Poland, older than fundations of Piast and Pfemyslovci dinasty
[Profantova 2003, Jaworski and Pankiewicz 2007]. Mentioned rotunda seems to be si-
milar to the buildings found in Wawel Hill [Koziet and Fras 1979] and from MikulCice
[Profantova 2003], both dated to the 9%-10" century. Further investigations carried out in
Wawel Hill transpose its foundation to the 11* century [Pianowski 2004]. If double absi-
ded rotunda were built at Wawel Hill, it would exist at Gromnik Hill, too. Unfortunately,
the exact dating requires further investigations [Jaworski and Pankiewicz 2007].

Probably, the Late Medieval rebuilding and adaptation of rotunda to new function
caused the lack of Early Medieval findings in the west part of building [Jaworski and
Pankiewicz 2007]. Moreover, the great number of bones in rotunda wall neighborhood
and before late medieval fortifications might be result of its removal and translocation
during the adaptation of the rotunda to the new Renaissance function (chapel of Gromnik
castle) [Malachowicz 2007]. Rebuildings and long carelessness periods caused the archa-
eological remains dislocations. These circumstances influence on the bone condition was
observed in other Silesian sites [Chrzanowska 1975, Krupska and Chrzanowska 2003].
The great fragmentation of archaeozoological material proved also its postconsumptive
character [Chroszcz et al. 2007, Lasota-Moskalewska 2008]. The majority of excavated
remains come from the 15% century.

The comparison of osteological remains from Early Middle Ages and the 15" century
proved similar distribution of findings (Diag. 2). Only the last group containing unknown
species was considerably larger in Early Medieval period, probably due to taphonomic
factors. The bone fragmentation and some burned up remains occurrence was the result
of animal body partition and other culinary processes performed by denizens of Grom-
nik. The marks of the human activities were demonstrated as the lack of not fragmented
vertebras, hewing the glenoidal cavity from the rest of scapula common not only in cattle,
but also in pig and small ruminants (Fig. 1) and breaking apart of the long bones bo-
dies (Fig. 2). The similar observation were frequently described in literature [Sobocinski
1957, Marciniak 2003, Lasota-Moskalewska 2008]. Additionally, some bite marks in the
surface of humaral trochlea proved, the bone scraps were thrown out and became the
objects of canine manipulations (Fig. 6) [Wojtal 2007].

The great number of cattle and swine remains is typical for the archaeozoological ma-
terial from the majority of Germanic and Slavic Early Medieval settlements, as a result of
the domestic animal breeding, husbandry and utilization manners [Bokonyi 1974, Skib-
niewski et al. 2007]. The skeletal remains of cattle and swine had usually been accom-
panied by few horse, dog and small ruminants bones [Bokonyi 1974]. Both tendencies
are clearly visible in osteoarchaeological investigation results in Gromnik (Diag. 1 and
2). The epiphysial cartilages ossification proved, the animals were usually adult and their
utilization was planed and reasonable, similar to observed in other Silesian settlements
from the same period [Chrzanowska 1975, Krupska and Chrzanowska 2003].

The most numerous and interesting remains belong to postcranial skeleton of cattle
(65,25%). The lack of larger young animal bone remains group proved the cattle use as
drought animal and milk source. The distal parts of cattle limbs, as a less attractive, oc-
curred undestroyed (Fig. 3). The bovine phalanxes findings in material form investigated
site allow to state the animal skinning and maybe rawhide tanning within the settlement.
Moreover, the sex identification and shoulder height calculation was possible only in
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three animals (Medieval cattle). According to Howard [1963], the metapodias were clas-
sified as coming from female and/or ox. Additionally, Catkin method [1960] supports the
thesis, that two metacarpal bones come from female, but the metatarsal bone sex identifi-
cation is unclear. These results are only the hypothesis due to few measurable metapodial
remains, but other authors proved the majority of female bones in excavations from this
period [Chrzanowska 1975, Krupska and Chrzanowska 2003]. The shoulder height was
estimated for cattle [Boessneck 1956, Calkin 1960, Fock 1966]. The results characterized
the similar value (Tab. 2) and they were comparable to the shoulder height estimated by
other authors on the basis of remains from similar period and territory [Chrzanowska
1975, Chrzanowska and Krupska 2001, Krupska and Chrzanowska 2003, Skibniewski et
al. 2007]. The animals from Gromnik Hill were shorter than today or Neolithic, but breed-
ing, husbandry and utilization manner in Medieval not allows for full genotypic expres-
sion [Skibniewski et al. 2007]. The strong fragmentation of bone material and the lack of
large cranial skeleton fragments made the bovine morphotype analysis impossible.

The pathological structures observed in bovine bones allow to assume possible cattle
utilization as a drought animals, typical for the Middle Ages [von den Driesch 1976,
Bartosiewicz 1997, Lasota-Moskalewska 2008]. The deformations of vertebras, ribs or
limb bones caused by injuries, chronic inflammations, bovine diseases or husbandry fac-
tors were often described in literature [Szeligowski et al. 1997, Chrzanowska and Siem-
bieda 2003, Skibniewski et al. 2007]. Similar changes in captive animals were described
[O’Regan et al. 2006]. The radiographic investigation proved condensation of the bone
tissue and blurred lamellar bone structure (Fig. 5). The border between osseous tissue and
marrow cavity was indistinct. These changes suggest chronic osteomyelitis, often caused
of the puncture wound infection. During disease serious pain and lameness is well known.
It is impossible to state, if these changes were congenital or posttraumatic in character.
Sometimes the long-lasting overloading of the limb or hard floor can be the cause of
similar deformation. These posture of the digit indicate clearly the lesion of the digital
ligaments apparatus. Furthermore the abaxial orientation of the digit predisposes to injury
[Cupere de et al. 2000, Parizi-Meimandi 2007]. If this animal was used as draught animal,
it was too young or the animal breeding, husbandry and care were not free of mistakes.

Some marks of human activity occurred in the body surface of bovine humeral bone.
The fragment of superficial layer of bone tissue was cut out and removed, but the aim of
this procedure remains unknown.

Other animals bone remains are the minority of investigated material (Diag. 1
and 2). Their proportions are similar to observed in other silesian archeological sites
[Chrzanowska 1975, Chrzanowska and Krupska 2001, Krupska and Chrzanowska
2003].

CONCLUSION

The supremacy of bovine osteological remains at Gromnik Hill excavations and low
existence of young animal skeletal fragments can be the result of affluence and fastidio-
usness increase among the inhabitants of Gromnik Hill. The same tendency occurred at
other settlements in Silesia between 10™ and 15" century. Other species was represented
by the lower amount of bone remains, which were also strongly fragmented. The condi-
tion of animal bone remains proved the most probably its post-consumptive character.
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SZCZATKI KOSTNE ZWIERZAT ZE STANOWISKA ARCHEOLOGICZNEGO
NA GORZE GROMNIK, POLSKA DATOWANYCH NA WCZESNE
SREDNIOWIECZE I XV WIEK

Streszczenie. Badania archeologiczne na gérze Gromnik byly prowadzone w latach
2005-2007 jako czegsé szeroko zakrojonego programu badawczego. Podczas analizy
wzrokowo-porownawczej pozyskane szczatki kostne zwierzat zostaty zidentytikowane
i sklasyfikowane. Przeprowadzono badania osteometryczne i archeozoologiczne. Badania
archeozoologiczne wykazaty dominacj¢ pozostatosci kostnych po bydle. Udziat procen-
towy szczatkow pochodzacych od poszezegdlnych gatunkow zwierzat, jak i szacowana
wysokos¢ w kigbic odpowiadaja wynikom uzyskanym z innych srcdniowiecznych stano-
wisk archeologicznych na terenic Slaska. Opisano zauwazone $lady aktywnosci ludz-
kiej pozostawione na szczatkach kostnych. Ustalono prawdopodobny typ uzytkowania
zwierzat. Przeprowadzono badanie radiograficzne kosci szkieletu palca bydta ze zmianami
patologicznymi.

Stowa klucze: osteoarcheologia, archaeozoologia, roznicowanie gatunkow, osteometria,
bydto
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OCENA MIKROBIOLOGICZNA KARPI HANDLOWYCH
POCHODZACYCH Z WYBRANYCH STAWOW
WOJEWODZTWA DOLNOSLASKIEGO

Iwona Zacharow, Joanna Snoch-Bajek, Wiktor Niemczuk

Uniwersytet Przyrodniczy we Wroctawiu

Streszczenie. Celem badan bylo zweryfikowanie hipotezy, ze klinicznie zdrowe karpie
handlowe s3 wolne od patogenéw.

Do badan uzyto handlowych karpi z 9 gospodarstw wojewodztwa w okresie od 28 listopada
do 7 grudnia 2009 r. Lacznie zbadano 45 zdrowych klinicznie karpi o lacznej masie ciala
9001800 g, od ktorych pobrano probki narzadéw wewngtrznych do badan bakteriologicz-
nych.

Do diagnozy izolatow uzyto szybkiego 4-godzinnego testu biochemicznego RapilD Nf
Plus System.

U 42 ryb posiewy byly jalowe, natomiast bakteric wyosobniono od 3 ryb, z ktorych
w 2 przypadkach stwierdzono z 99,83% prawdopodobienstwem Acinetobacter baumanii
complex, a w jednym przypadku z 99,99% prawdopodobienstwem Burkholderia cepatia.
Wyizolowane szczepy bakteryjne badano rowniez pod katem antybiotykoopornosci metoda
krazkow dyfuzyjnych, stwierdzajac brak ich wrazliwosci na aminopenicyliny.
Wyizolowane szczepy bakteryjne sa nietypowe dla ryb oraz moga by¢ patogenne dla czlo-
wieka.

Stowa kluczowe: karp, ocena mikrobiologiczna

WSTEP

Ryby sg zwierzg¢tami poikilotermicznymi, stad bakterie u nich bytujace naleza za-
réwno do mezofili, jak i psychrofili. U stodkowodnych karpi najczgsciej stwierdza si¢
bakterie z rodzajow Aeromonas i Pseudomonas [Harnisz i in. 2004], ktore sa powszechne
w srodowisku wodnym oraz w tkankach ryb podczas procesow chorobowych.
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Zanieczyszczenie ryb bakteriami moze tez mie¢ miejsce w chlodniach, w ktorych
drobnoustroje moga silnie si¢ namnazaé¢ [Prost 1980]. Zachorowania ludzi wywolane
bakteriami ryb najczesciej wystepuja w wyniku spozycia ryb poddanych niedostatecz-
nej obrobcee termicznej, jak tez wskutek przyrannych infekeji podczas przygotowywania
potraw.

Takie przypadki odnotowuje si¢ szczegolnie w krajach azjatyckich, gdzie ludzie
znacznie czesciej patrosza ryby samodzielnie [Bednarski i in. 2007]. W Polsce zakazenia
przyranne notowane sg najczesciej u rybakow srodladowych.

Zainteresowanie rybami roénie w okresie Swiat Bozego Narodzenia, kiedy to odbywa
si¢ sprzedaz zywych karpi handlowych.

Nadzdr weterynaryjny sprawowany przez Inspekcje Weterynaryjng ogranicza si¢ do
sprawdzenia spelniania formalnych wymogow weterynaryjnych oraz nadania numerow
ewidencyjnych producentom, co upowaznia ich do sprzedazy bezposredniej towaru na
wolnym rynku. Obecnie towar taki nie musi by¢ badany, a tym samym hodowca nie legi-
tymuje si¢ zadnym $wiadectwem zdrowia.

Prezentowane badania miaty na celu okreslenie, czy klinicznie zdrowe, zywe karpie
handlowe, pochodzace z réznych gospodarstw znajdujacych si¢ w odmiennych warun-
kach srodowiskowych, sa wolne od patogenow.

MATERIAL I METODY

Do badan uzyto karpi handlowych pochodzacych z 9 réznych, znacznie od siebie
oddalonych gospodarstw oznaczonych numerami od 1 do 9. Pig¢ gospodarstw zlokalizo-
wanych byto w obrgbie zlewni rzeki Baryczy. Trzy kolejne miescily si¢ w obrgbie innej
zlewni, w tym jedno z nich zasilane byto okresowo woda z oczyszczalni Sciekow. Do-
tyczylo to jednego prywatnego stawu, nie bedacego magazynem, o mieszanej obsadzie,
z ktorej dopiero planowano odlowienie wigkszych sztuk do sprzedazy do celow kon-
sumpcyjnych. Ryby odiawiano w okresie od 28 listopada do 7 grudnia 2009 r., a pobiera-
no je losowo, odrzucajac sztuki z zewngtrznymi uszkodzeniami skory.

W kazdym gospodarstwie badaniom poddawano po 5 karpi handlowych o masie ciata
od 900 do 1800 g, poza jednym przypadkiem, kiedy masa ryb miescita si¢ w granicach
500-800 g. Ponadto zbadano réwniez liny o masie ciata 250-350 g. Lacznie zbadano
45 karpi i 2 liny. Wszystkie ryby byly klinicznie zdrowe i charakteryzowaty si¢ bardzo
dobrym stanem powlok zewngtrznych.

Po oszotomieniu 1 zniszczeniu rdzenia ryb, w celu wyeliminowania saprofitycznej
flory fizjologicznej, ktora mogla zanieczysci¢ narzady wewngtrzne, ptukano karpie pod
biezaca woda, a nastgpnie przemywano jalowym ptynem fizjologicznym. Po odkazeniu
linii cigcia i otwarciu powlok pobierano w jalowy sposob cate nerki 1 wycinki watrobo-
trzustek, ktore do czasu badan umieszczano w probowkach wypehmionych ok. 2 ml jato-
wego PBS z 0,1% dodatkiem peptonu. Otrzymano w ten sposob 47 probek z watrobotrzu-
stek oraz 47 probek nerek.

Zawarto$ci probowek po aseptycznym przeniesieniu do komory laminamej byly
homogenizowane w jatowych mozdzierzach. Z kazdej probki posiewano ok. 100 pl
homogenatu na podtoza MCConcey’a 1 agar krwawy z 5% dodatkiem krwi barana,
rozprowadzajac material eza w sposob sektorkowy. Tak posiane poditoza inkubowano
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w temperaturze 25°C przez 24-72 h oraz 37°C przez 2448 h. Po 24 h inkubacji odczy-
tywano wstepny wzrost na podtozach statych, ktéry porownywano ze wzrostem po 48
lub 72 h.

Z otrzymanych kolonii wykonywano preparaty barwione metoda Grama w celu wstep-
nej oceny morfologii kolonii. W przypadku laktozo-ujemnych pateczek z rodziny Ente-
robacteriaceae sprawdzano zdolnos¢ bakterii do wytwarzania oksydazy cytochromowej,
specjalnie przeznaczonymi do tego komercyjnymi odczynnikami firmy Bio Merieux.

Do diagnozy izolatow uzyto szybkiego 4-godzinnego testu biochemicznego Ra-
pilD Nf Plus System, inkubowanego w temperaturze 35°C, oceniajac zdolnos¢ bakte-
rii do wytwarzania tiosulfatazy, produkcji dehydralazy argininy i esteraz, hydrolizy
p-nitrofenylo-N-acetylo-B,D-glukozaminy,p-nitrofenylo-a,D—glukozydu,p-nitrofenylb-B,
D-glukozydu i o-nitrofenylo-8, D-galaktozydozy (ONPG), produkcji ureazy oraz fermen-
tacji glukozy [Kitch 1 in. 1992].

Wyniki odczytywano na podstawie zmiany koloréw wynikajacych z reakeji bioche-
micznych zachodzacych w poszczegolnych dotkach zestawu. Rezultaty badan zostaty po-
twierdzone z uzyciem programu komputerowego ERIC (Electronic RaplD Compendium)
firmy REMEL, dofaczonego do ww. zestawu diagnostycznego, obliczajacego najwigksze
prawdopodobienstwo wystapienia danego patogenu.

Wyizolowane szczepy bakteryjne badano réwniez pod katem antybiotykoopornosci
metodg krazkéw dyfuzyjnych. Na podiozu Mueller-Hinton rozprowadzono zawiesing
bakteryjna o gestosci 0,5 w skali McFarlanda. Po nalozeniu krazkow plytki inkubowano
24 godziny, w warunkach tlenowych, w temperaturze 35°C.

Do badan uzyto krazkéw nasyconych antybiotykami i chemioterapeutykami stosowa-
nymi powszechnie w terapii stodkowodnych ryb handlowych, a wyniki przedstawiono
w tabeli 1.

Tabela 1. Wyniki badania oporno$ci wyhodowanych szczepéw na wybrane antybiotyki
Table 1. Results of resistance the cultivated bacterials strains to the chosen antibiotics

Acinetobacter baumani complex

chemioterapeutyk wrazliwo$¢ in vitro
amoksycylina 25 pg R
amoksycylina z kwasem R
klawulanowym 30 ug

flumequine 30 pg
florfenikol 30 pg
ciprofloksacyna 5 g

doksycyklina 30 pg

enrofloksacyna 5 g

nmiwn nl nl nvn n

oksytetracyklina 30 ug

Objasnicnia: S — wrazliwy, R — oporny
Explanations: S — sensitive , R — resistance
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WYNIKI BADAN I OMOWIENIE

U badanych 42 ryb posiewy byly jalowe. Bakterie wyhodowano jedynie od nielicz-
nych ryb z trzech gospodarstw (nr 2, 3 i 5), sposrod ktorych w dwoch przypadkach (go-
spodarstwa nr 3 i 5) oznaczono z 99,83% prawdopodobienstwem bakterie z rodzaju Aci-
netobacter baumanii complex, a w jednym (gospodarstwo nr 2) z rodzaju Burkholderia
(Pseudomnas), gatunek Burkholderia cepacia.

Acinetobacter baumanii complex spp. wyizolowano od ryb pochodzacych z gospo-
darstwa nr 5 potozonego w obrebie rzeki Barycz oraz od karpi pochodzacych ze stawow
znajdujacych si¢ w obrebie innej zlewni (nr 3). Z tego tez rejonu pochodzity ryby handlo-
we, od ktérych wyizolowano B. cepatia, potwierdzona z 99,99% prawdopodobienstwem
przy uzyciu ww. testu. W drugim obiekcie (nr 3), w ktorym istniato realne prawdopodo-
bieastwo dostawania si¢ wody z oczyszczalni Sciekdéw, wyizolowano bakterie z rodzaju
Acinetobacter spp.

W prezentowanym doswiadczeniu nie stwierdzono obecnosci bakterii z rodzaju Aero-
monas, ktéry nalezy do drobnoustrojow najbardziej rozpowszechnionych w $rodowisku
wodnym naszej szerokosci geograficznej. Rodzaj ten namnaza si¢ szczegolnie obficie
w bogatej w biogeny wodzie, ktora jest z zasady woda stawow karpiowych. Bakterie te
sa czesto przyczyng zmian chorobowych o réznym nasileniu u karpi. Moga wywotywac
objawy posocznicowe (tzw. ruchliwe deromonas) lub niejednokrotnie rozlegte zmiany
skorne w postaci jej zapalenia oraz wrzodOw. Zaawansowane zewnetrzne zmiany, przy-
najmniej ze wzgledow estetycznych, dyskwalifikuja karpie na cele konsumpcyjne.

Bakterie z rodzaju Acinetobacter spp., chociaz rzadko wystgpujace 1 nietypowe dla ryb,
stwierdzano zaréwno u karpi [Pekala 2007], jak i u innych gatunkow ryb [Grawisiski 1 in.
2009]. Pekala [2007] odnotowata dwa przypadki choroby wywotane) przez Acinetobacter
spp. u karpi handlowych, stwierdzajac $nigcia z objawami ze strony skory i skrzeli.

Chociaz Gram-ujemne pateczki powszechnie wystgpujace w wodach stodkich i mor-
skich [Grawinski i in. 2009] u ryb dotychczas byty rzadko stwierdzane, ostatnio coraz
czestsze ich wystepowanie moze taczy¢ sie ze zmiang warunkow Srodowiskowych.

Patogenno$¢ tych bakterii dla ryb jest mato poznana, chociaz spotyka si¢ je zarow-
no u ryb $rodladowych, jak i morskich. Acinetobacter spp. moga by¢ przyczyng tzw.
wewnatrzszpitalnych trudnych do leczenia zakazen, prowadzacych nawet do sepsy [Gra-
winski 1 in. 2009].

Bakterie z rodzaju Pseudomonas spp. sa bardzo rozpowszechnione w przyrodzie
i stanowia jedna z liczniejszych grup mikroorganizméw. U karpi najwigksze znaczenie ma
Pseudomonas fluorescens i P. putida [Kozinska 2007]. Sa to drobnoustroje psychrofilne,
ktérych gléwnym rezerwuarem jest woda i z tego powodu mozna byto si¢ ich spodziewa¢
u karpi handlowych sprzedawanych w zimie. Duza niespodzianka byto jednak stwierdze-
nie u ryb Burkholderia cepacia Gram-ujemnej bakterii, ktérej naturalnym srodowiskiem
s3 osady rzeczne oraz wilgotna gleba wokot korzeni roslin. Obecnos¢ bakterii, dotych-
czas nie stwierdzanej u ryb, w narzadach wewnetrznych szczegoélnie karpi handlowych,
niesie ze soba wiele zagrozen. Drobnoustroj ten, zaliczany do tzw. fitopatogendw, wyka-
zuje wielolekoopornos$¢ na antybiotyki i chemioterapeutyki, jak rowniez na czynniki ze-
wnetrzne. W srodowisku szpitalnym moze przezyé¢ i mnozy¢ si¢ w wodzie destylowane;j
i niektorych srodkach dezynfekcyjnych oraz kontaminowa¢ odkazone powierzchnie. Stad
tez moze byé przyczyna zakazen szpitalnych, jako drobnoustréj oportunistyczny, u ludzi
z obnizong odpornoscia.
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Wyniki badan opornosci in vitro wyosobnionych szczepow wskazuja na ich opornosé
na aminopenicyliny. Gram-ujemne paleczki niefermentujace, takie jak Acinetobacter
spp. 1 Burkholderia spp. posiadaja wiele naturalnych oraz nabytych mechanizmoéw opor-
nosci na antybiotyki. Acinetobacter spp. maja gatunkowo specyficzne cefalosporynazy
AmpC. Pojawiajg si¢ szczepy Acinetobacter baumanii wytwarzajace ESBL (Extended
Spectrum Beta-lactamases), ktore warunkujg ich opornosé na: penicyliny, cefalosporyny
L, IL, I11 1 IV generacji oraz na monobaktamy. Najczesciej rowniez in vivo nie dzialaja na
nie inhibitory (takie jak kwas klawulenowy), pomimo ze w warunkach in vifro wykazuja
wrazliwos¢. Geny MBL (metalo-B-laktamazy grupy B), ktére warunkuja opornosé¢ na
karbapenemy, moga by¢ przekazywane horyzontalnie pomiedzy réznymi gatunkami pa-
teczek niefermentujacych (na przykiad od Pseudomonas aeruginosa) [Gniadowski i in.
2009]. Dlatego tez szczepy Acinetobacter spp. sa opomne na wszystkie obecnie dostepne
B-laktamy.

Burkholderia spp. jest bakteria naturalnie oporng na penicyliny i aminoglikozydy.
Dla tej grupy mikroorganizmoéw badanie antybiotykoopornosci za pomocg metody dy-
fuzyjno-krazkowej dopuszczalne jest jedynie w przypadku nielicznych antybiotykow.
Dla wigkszosci antybiotykéw nalezy oznaczyé MIC, czyli minimalne st¢zenie hamujace
wzrost, dlatego w powyzszym badaniu nie okreslano opornosci dla szczepu Burkholderia
spp. metodg dyfuzyjno-krazkowg [Gniadowski i in. 2009].

Wedtug danych literaturowych [Harnisz i in. 2004a] antybiotykiem, na ktory najcze-
Sciej stwierdza si¢ opornos¢ bakterii izolowanych od ryb, jest enrofloksacyna. Wysoka
opornos¢ na antybiotyki moze by¢ spowodowana chowem ryb przy duzych obsadach
oraz stosowaniem antybiotykéw w nadmiemych ilosciach [Harnisz i in. 2004b]. W przy-
padku wyizolowanego szczepu Acinetobacter oporno$é na leki z grupy chinolonéw nie
zostala potwierdzona. Moze by¢ to zwiazane z racjonalnym stosowaniem antybiotykéw
w badanych gospodarstwach oraz niedopuszczaniem do przegeszczenia w zbiornikach
wodnych.

W wyniku przeprowadzonych badan karpi handlowych stwierdzono wystepowanie
nietypowej flory bakteryjnej, ktora cechowata si¢ wyjatkowa naturalng opornoscia na
uzyte w doswiadczeniu antybiotyki. Ze wzgledu na to, ze wyizolowane szczepy sa opor-
tunistycznymi patogenami czlowieka stanowigcymi zagrozenie zarowno dla hodowcow,
jak i konsumentéw ryb, celowe wydaje si¢ kontynuowanie oraz przeprowadzenie podob-
nych badan w innych gospodarstwach chowu ryb konsumpcyjnych. W przypadku zas
potwierdzenia takich wynikdw na liczniejszym materiale wazne bytoby dazenie ukierun-
kowane na zmiang dos¢ liberalnych przepiséw weterynaryjnych odnosnie do nadzoru nad
rybami konsumpcy)nymi.
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MICROBIOLOGICAL EVALUATION OF FARMED CARP
FROM PARTICULAR PONDS
IN PROVINCE DOLNOSLASKIE

Abstract. The aim of our research was to verify hypothesis that clically healthy commer-
cial carps are pathogen free.

45 clinically healthy trade carps of total body mass 900-1800 grams from nine different
farms in Dolnoslaskie province were examined in the time period from 28th November to
7th December 2009. For bacteriological tests samples of internal organs were taken. Quick
4-hour biochemical test RapID NF Plus System was used to identify isolated bacteria.

In 42 cases samples were sterile (aseptic). In 3 other cases we have isolated following bac-
teria: Acinetobacter baumanii complex (with 99,83% probability), Burkholderia cepacia
(with 99,99% probability).

Antibiotic-resistance for isolated strains were also defined by using disc diffusion method.
Isolated strains were found to be resistant to aminopenicillins.

[solated bacterial strains are untypical for fish and can be pathogenic for human.

Key words: carp, bacteriological investigation
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