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THE EFFECT OF REDUCTION CONCENTRATIONS OF THE BROILER
CHICKENS PER UNIT AREA ON THE FINAL LIVE WEIGHT AND
PRODUCTION ECONOMICS

Maria Angelovic¢ova, Martin Kliment, Lubica Mrazova, Jana Tkacovd, Martin Krdl,
Ebrahim Alfaig, Lubomir Lopasovsky

ABSTRACT

The aim of the present study was a mathematical and statistical assessment for the effect of concentration of broiler chickens per unit
area to the final live weight and production economics. Cobb 500 chickens were fattening for 42 days in a hall on deep litter. During the
two experiments the chickens were divided to two groups according to concentration per unit area and it was about 30 and 25 kg/m?. The
experiments had been complied with recommended nutritional requirements for breeding and final fattening type
of chickens Cobb500. The average final weight of broiler chickens in the first experiment were 2.14 and 2.17 kg for concentrations of
29.41 and 25.76 kg/m? respectively, and for the second experiment were 2.01 and 2.02 kg for concentrations of 29.33 and 23.90 kg/m?
respectively. According to statistical analysis (P>0.05), the average final live weight of broiler chickens was not affected by
concentrations. The calculated production total live weight of broiler chickens across the halls were 48526.5, 48 394.5, 42504.0
and 39435.0 kg at a concentrations of 29.41, 29.33, 25.76 and 23.90 kg/m? respectively. By reducing the concentration of birds in the
hall from 29.41 to 29.33 kg/m? and from 25.76 to 23.9 kg/m? the total production of broiler chickens was decreased by 6022.5 and
8959.5 kg live weight respectively. The concentration of birds per unit area of 25.76 and 23.90 kg/m? lead to lower the price of the
product of broiler chickens by 4745.73 and 7060.09 € respectively, compared with the price for the product of the concentrations

of 29.41and 29.33 kg/m? respectively.

Keywords: broiler chicken, concentrations per unit area, final live weight, total production, price

UvoD

Brojlerové kurcatd su findlnym vykrmovym typom
kurciat chovanych na produkciu kurcacieho méso. Rocne
je v Eurépskej unii (EU-25) na tento ucel
vyprodukovanych okolo 5,9 mld. kuréiat. VSeobecne
produkciu kuracieho misa predstavuji dve alebo tri
spolo¢nosti, ktoré dodavaji na trh asi 90 % celosvetového
poétu chovnych kuréiat. Celkovy pocet brojlerovych
kuréiat vyprodukovanych vo svete v roku 2004 bol podla
Organizacie pre vyzivu apolnohospodarstvo (FAO)
takmer 47 mld., z tohto poétu bolo priblizne 19 %
vyprodukovanych v USA, 15 % v Cine, 13 % v EU-25
a1l %. Pokial’ ide 0 méso brojlerovych kuréiat, v roku
2007 Europska tnia (EU-27) vyprodukovala 8,3 mil. ton.
V USA sa vyprodukovalo 16,2 mil. ton, ¢o zodpoveda
takmer 8,9 mld. ks brojlerovych kur¢iat. Cina a Brazilia
vyprodukovala 11,4 a 10,3 mil. ton (FAO, 2010).
Angelovicova a Angelovi¢ (2011) vo svojej praci
analyzuju welfare kurciat urenych na produkciu mésa,
Standardy a svetovy obchod.

V marci 2000 prijala Eurépska komisia spravu Vedeckého
vyboru pre zdravie zvierat a dobré Zzivotné podmienky
zvierat o dobrych zivotnych podmienkach kurciat
chovanych na produkciu mésa (brojlerovych kurciat)".
Smernica pre ochranu zvierat nadobudla G¢innost’ v roku
2007 abola implementovana vo vnutro§tatnom prave
krajin Eur6pskej tnie do 30. jina 2010. Rozsah posobnosti
sa vztahuje na brojlerové kurcatd. Nevztahuje sa
pre pol'nohospodarske podniky s niz§im poétom ako 500
ks kurciat. Smernica obsahuje 3 =zakladné predpisy.
Stanovuje poziadavky na napajadla, podstielku, vetranie a

vykurovanie, emisie, hluk, kvalitu a hygienu ovzdusia.
Maximalna koncentracia brojlerovych kurciat je 33 kg
7ivej hmotnosti na m?2 Farmari, ktori splfiaju d’alsie
opatrenia, moZu zvysit' koncentraciu na 39 kg.m™. Dalsie
zvysenie na 42 kg.m? je mozné, ak farméar spiha dalsie
podmienky dobrych Zivotnych podmienok a znizuje thyn
(Smernica Rady 2007/43/ES).
Hustota zastavu  ovplyviluje
brojlerovych kurciat z hl'adiska:
— neobmedzeného pristupu ku krmivu a vode (Leone a
Estevez, 2008a),

— relativnej vlhkosti, okolitej teploty a koncentracie plynov
(Meluzzi et al., 2008),

— velkosti priestoru a jej vplyv na pohyb (Leone a
Estevez, 2008b).

Z vysledkov pocetnych vyskumov vyplyva negativny
vplyv vysokej koncentracie na finalnu ziva hmotnost
brojlerovych kurciat (Cravener et al., 1992; Lewis et al.,
1997; Mortara et al., 2002; Edriss et al., 2003; Mendes
et al., 2004; Skrbi¢ et al., 2007). S rastom brojlerovych
kurciat sa vplyv na koncentraciu zintenziviiuje (Cravener
et al., 1992; Edriss et al., 2003; Skrbi¢, 2007).

V nadviznosti na uvedené, cielom predlozenej prace bolo
skiimanie a matematicko-statistické vyhodnotenie vplyvu
zniZenia koncentracie brojlerovych kurciat na finalnu ziva
hmotnost” a ekonomiku ich produkcie.

zivotné  podmienky

MATERIAL A METODY

Objekt skiumania

Objektom skumania boli kurcata findlneho vykrmového
typu Cobb 500, odlisnd koncentracia kurciat na jednotku
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Tabul’ka 1 Schéma pokusov

Experimentalne stanovena koncentracia brojlerovych
Experiment Skupina kur¢iat na jednotku plochy
(kg.m?)
1. kontrolna 30
pokusna 25
2. kontrolna 30
pokusna 25

PR

Obrazok 1 Experimentalna kifmna technoldgia (Foto: Angelovic¢ova, 2012)

plochy, findlna ziva hmotnost’ vo veku kurciat 42 dni,
produkcia vyjadrena Zivou hmotnostou acena ich
produkcie.

Pracovné postupy

Uskutocnili sme dva skupinové kimne experimenty
na hydinarskej farme v prevadzkovych podmienkach. Prvy
experiment sme vykonali v septembri az oktobri 2009
a druhy experiment v septembri az oktobri 2010. Kurcata
boli ustajnené v hale na hlbokej podstielke, ktora tvorila
dolna vrstva do vysky 8 cm z drevnych pilin a horna vrstva
vo vySke 5 cm pomiagana pSeni¢nd slama. Rozmery haly
boli 110 m dizka a 15 m §irka. Celkova chovna plocha
bola 1650 m’.

V experimentoch boli pouzité bezne pouzivané kimne
zmesi  sOjovo-obilninového  typu.  Obsah  Zivin
a metabolizovatelnej energie  bol  vybilancovany
Vv kimnych zmesiach v zmysle potreby brojlerovych
kur¢iat (Vynos z 31. januara 2002 ¢&. 39/3/2002-100).
Pouzilo sa po 100 ks jednodiiovych brojlerovych kurciat
v kontrolnej a pokusnej skupine. Skupiny sa vzijomne
odlisovali koncentraciou brojlerovych kurciat na jednotku
plochy, t. j. hustotou zastavu (tabulka 1). V kontrolnej
skupine sme stanovili predpokladani koncentraciu
brojlerovych kur&iat na jednotku plochy 30,0 kg.m?
av pokusnej skupine 25,0 kg.m? (vazenie na konci
experimentu pomocou vah typu KERN ECE 20K20).
Pri predpokladanej telesnej hmotnosti na konci
experimentu 2,10 az 2,20 kg sme vypocitali rozmery boxu
v 1. a 2. experimente vzmysle Smernice Rady

2007/43/ES pre kontrolna skupinu 2,7 m dizku a 2,7 m
sirku, t. j. 7,29 m?a pokusni skupinu 2,9 m dizku a 2,9 m
Sirku, t. j. 8,41 m? (meranie pomocou meracieho pasma).

Statistické met6dy

Prvotné tudaje ziskane v experimente sme Statisticky
spracovali v programe SAS, verzia 8.2. Vypocitali sme
aritmeticky priemer, smerodajni odchylku, variacny
koeficient a rozdiely ukazovatelov medzi skupinami sme
vyhodnotili ANOVA t-testom.

VYSLEDKY A DISKUSIA
Prvy experiment
Teplota v hale po¢as experimentu

Pocas prvého experimentu bola teplota v hale v prvy den
pri jednodnovych kurcataich 31 °C. Na 16. den veku
kurciat sa znizila teplota na 27 °C. Na 25. den sa znizila
teplota na 25 °C. Kurcata vo veku 29 dni boli chované
Vv hale pri teplote 23 °C. Do konca vykrmu sa im znizila
teplota na 22 °C.
Svetelny reZim v hale pocas experimentu
Prvych 7 dni bol svetelny rezim v hale 24 hodin svetla.
Na 7. — 9. den sa brojlerovym kurcatam znizil svetelny
rezim z 24 hodin na 23,5 hodiny svetla. Na 10. az 11. den
sa brojlerovym kurc¢atam upravil svetelny rezim na 23
hodin svetla. Na 12. az 13. deni sa brojlerovym kurcatam
znizil svetelny rezim na 21 hodin. Od 14. dia do konca
experimentu bol svetelny rezim znizeny na 20 hodin
svetla.
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Teplota v °C

1. 16. 25. 29. 35.
Vek kurciat v diioch

Graf 1 Teplota v hale pocas experimentu

OPokusné skupina

OKontrolna skupina

23 24 25 26 27 28 29 30

Graf 2 Koncentracia brojlerovych kuréiat na jednotku plochy (kg.m)

2166,76

B Pokusnd skupina
OKontrolna skupina

2130 2140 2150 2160 2170

Graf 3 Finalna ziva hmotnost’ brojlerovych kur¢iat na konci experimentu vo veku 42 dni (g)

Tabulka 2 Matematicko-statistické vyhodnotenie vysledkov finalnej Zivej hmotnosti brojlerovych kurciat

Skupina (n = 100)

t-test
Po,os
kontrolna pokusna
s (9) Vi (%) s (9) Vii(%)
213,09 9,94 171,25 7,90 1,81

s — smerodajna odchylka, v — variacny koeficient,” P>0,05 — Statisticky nepreukazny rozdiel
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Skfmenim kfmnej zmesi HYD 01 podstielka bola
hygienicky Ccistd, pomerne suchd. Po skimeni kimnej
zmesi HYD 02 stelivovy material bol mierne utladeny, ale
dobre wvsaval vyluCovany trus brojlerovych kurdiat.
Po skifmeni kimnej zmesi HYD 03 vo veku brojlerovych
kurciat od 35. do 42. diia bola podstielka utlacena chédzou
brojlerovych kur¢iat a nedostatocne vsavala vylucovany
trus. Ztohto doévodu sme nastielali podstielku novou
pomiaganou slamou, t. j. praktizovali sme doplnkové
podstielanie.

Koncentracia brojlerovych kurciat na jednotku plochy
Koncentracia brojlerovych kuréiat v pokusnej skupine

bola 25,76 kg.m™. V kontrolnej skupine sa zaznamenala

koncentracia brojlerovych kur&iat 29,41 kg.m™.

Finidlna Zivi hmotnost’ brojlerovych kur¢iat na konci
experimentu

Finalna Ziva hmotnost brojlerovych kurciat pri nizsej
koncentracii na jednotku plochy 25,76 kg.m™ bola
2166,76 kg.m™. Pri vysSej koncentracii zvierat na jednotku
plochy 29,41 kg.m? bola finilna Ziva hmotnost
brojlerovych kuréiat 2143,80 g. Rozdiel vo finalnej Zivej
hmotnosti brojlerovych kur¢iat medzi skupinami 22,96 g
bol  Sstatisticky nepreukazny (P>0,05). Vysledky
matematicko-statistického vyhodnotenia Zivej hmotnosti
brojlerovych kurciat potvrdzuju, ze nizsie kolisanie hodndt
zivej hmotnosti brojlerovych kur€iat bolo v skupine
S niz8ou koncentraciou brojlerovych kurciat na jednotku
plochy v porovnani shodnotami zivej hmotnosti
brojlerovych kuréiat pri vySSej koncentracii zvierat
na jednotku plochy. Potvrdzuju to vysledky smerodajnej
odchylky a variaéného koeficienta (s = 171,25 g, resp. v =
7,90 % oprotis = 213,09 g, resp. vx=9,94 %).

Druhy experiment
Teplota v hale poc¢as experimentu

Pocas experimentu bola teplota vhale vprvy den
experimentu 32 °C. Na 16. den veku brojlerovych kur¢iat
sa znizila teplota na 26 °C. Na 25. den sa znizila teplota na
24 °C. Brojlerové kurcatd vo veku 29 dni boli chované
v hale pri teplote 23 °C. Do konca experimentu sa znizila
teplota na 21 °C.

Svetelny rezim v hale poc¢as experimentu
Svetelny rezim bol ako v prvom experimente.

Podstielka

Hygiena a konzistencia podstielky, ako aj opatrenia
na rieSenie nedostatkov pocas experimentu bolo ako
v prvom pokuse.

Koncentracia brojlerovych kurciat na jednotku plochy
Koncentracia brojlerovych kuréiat bola v pokusnej
skupine 23,90 kg.m*a v kontrolnej skupine 29,33 kg.m™.

Finalna Ziva hmotnost’ brojlerovych kurciat na konci
experimentu

Priemerna findlna zivd hmotnost’ brojlerovych kurciat
bola 2010,24 g pri nizsej koncentracii na jednotku plochy
23,90 kg.m? Pri vyssej koncentracii na jednotku plochy
29,33 kg.m'2 kurc¢atd dosiahli priemernt finadlnu ziva
hmotnost 2019,12 kg.m? Rozdiel vo finalnej Zivej
hmotnosti brojlerovych kurciat 8,88 g medzi skupinami
nebol Statisticky preukazny (P>0,05). Z vysledkov
matematicko-statistického vyhodnotenia finalnej Zivej
hmotnosti vyplyva, Ze vyrovnanejSie hodnoty boli
v skupine sniZSou koncentraciou brojlerovych kuréiat
na jednotku plochy. Potvrdzuju to vysledky smerodajnej
odchylky a varia¢ného koeficienta (s = 189,96 g, resp. vi=
9,45 % oproti s = 254,97 g, resp. vx=11,93 %).

Produkcia a ekonomické zhodnotenie produkcie
brojlerovych kurciat z aspektu uplatiiovania principov
welfare pri zniZeni koncentracie zvierat na jednotku
plochy

Celkova produkcia brojlerovych kurciat v prvom
a druhom experimente sledovana v jednotlivych skupinach
vyjadrena celkovou Zivou hmotnostou bola pomerne
vyrovnana 214,38, resp. 216,68 kg alebo 201,02, resp.
201,91 kg pri koncentracii 29,41, resp. 29,33 kg.m?
alebo 25,76, resp. 23,90 kg.m'z. V prepocte produkcie
brojlerovych kurciat v celej hale sa dosiahla celkova ziva
hmotnost’ 48 526,5, resp. 48 394,5 Kkg pri koncentracii
29,41, resp. 29,33 kg.m™ a 42 504,0, resp. 39 435,0 kg pri
koncentracii 25,76, resp. 23,90 kg.m?. Pri zniZeni
koncentracie zvierat v hale z 29,41, resp. 29,33 kg.m'2
na 25,76, resp. 23,90 kg.m'2 sa znizila celkova produkcia
brojlerovych kuréiat o 6 022,5 (12,41 %), resp. 8 959,5 kg
zivej hmotnosti (18,51%).
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Teplota v °C

16.

25.

Vek kurciat v diioch

29.

Graf 4 Teplota v hale po¢as experimentu

35.

OPokusna skupina

OKontrolnd skupina

Graf 6 Finalna ziva hmotnost’ brojlerovych kuréiat na konci experimentu vo veku 42 dni (g)

29,33

Graf 5 Koncentracia brojlerovych kur¢iat na jednotku plochy (kg.m?)

2010,24

2019,12

2005

2010

2020

B Pokusna skupina

OKontrolna skupina

Tabulka 3 Matematicko-$tatistické vyhodnotenie vysledkov finalnej Zivej hmotnosti brojlerovych kuréiat

Skupina (n = 100) t-test
kontrolna pokusna Po,os
s (9) Vi (%) s(9) Vi (%)
254,97 11,93 189,96 9,45 1,87

S — smerodajnd odchylka, vy — variacny koeficient,” P>0,05 — Statisticky nepreukazny rozdiel
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Tabul’ka 3 Produkcia brojlerovych kuriat pri rozli¢nej koncentracii zvierat na jednotku plochy

Experiment Skupina Koncentracia zvierat Ziva Produkcia mésa Produkcia mésa
na jednotku plochy hmotnost’ Vv experimente v hale
(kg.m?) X (n=100)
(gks™)
(kg) (kg)
I Kontrolna 29,41 2143,80 214,38 48 526,5
Pokusna 25,76 2166,76 216,68 42 504,0
. Kontrolnd 29,33 2010,24 201,02 48 394,5
Pokusna 23,90 2019,12 201,91 39435,0

Tabul’ka 4 Ekonomické zhodnotenie produkcie brojlerovych kurciat pri rozli¢nej koncentrécii zvierat na jednotku

plochy
Experiment Skupina Ekonomické Ekonomické Ekonomické
zhodnotenie produkcie zhodnotenie zhodnotenie produkcie
brojlerovych kuréiat produkcie v hale
1 ks pri 0,788* € kg™ v experimente
zivej hmotnosti n =100
© ) )
I Kontrolna 1,69 168,93 38 238,88
(n = 22 635,7)
Pokusna 1,71 170,74 33 493,15
(n =19 616,4)
1. Kontrolna 1,58 158 38 134,87
(n = 24 073,6)
Pokusna 1,59 159 31 074,78
(n = 19 530,8)

* — Situacna a vyhladova sprava, 2011

Pomerne velky pocet vyskumnych prac je zameranych
na ucinnost’ hustoty osadenia v produkcii brojlerovych
kurciat a primarnu motivaciu jeho ekonomického vyznamu
(Proudfoot et al., 1979; Shanawany, 1988), tiez faktor
jatoénej kvality (Edriss et al., 2003; Yadgari et al., 2006;
Skrbi¢ et al., 2006, 2007, 2008a, 2008b, 2008c) a
Vv ostatnom, ako faktor socidlneho spravania (Weeks et al.,
2000; Thomas et al., 2004; Skrbi¢ et al., 2009). V nasom
prvom experimente bola dosiahnuta vys$$ia findlna ziva
hmotnost’ brojlerovych kuréiat oproti zivej hmotnosti
brojlerovych kur¢iat v druhom experimente, ¢o sa
prejavilo vySSou cenou za kus 1,69 € pri koncentracii
zvierat na jednotku plochy 29,41 a 1,71 € pri koncentracii
zvierat na jednotku plochy 25,76 kg.m? V druhom
experimente cena jedného ks brojlerového kurcata bola
1,58 € pri koncentracii zvierat na jednotku plochy 29,33
kg.m? a 1,59 € pri koncentracii zvierat 23,90 kg.m™
Vyrazné rozdiely v cene sa zistili po prepocte na celkovu
produkciu brojlerovych kur¢iat v celej hale v zavislosti
od koncentracie zvierat na  jednotku  plochy.
Pri koncentracii zvierat 29,41, resp. 29,33 kg.m™ bola cena
produkcie brojlerovych kurciat 38 238,88, resp. 38 134,87
€ a pri  koncentracii zvierat na jednotku plochy 25,76,
resp. 23,90 kg.m™ 33 493,15, resp. 31 074,78 71 €.

Pri koncentracii zvierat na jednotku plochy 25,76, resp.
23,90 kg.m? bola nizsia cena za produkciu brojlerovych
kurciat 0 4 745,73, resp. 7 060,09 € oproti cene produkcie
brojlerovych kurc¢iat pri koncentracii 29,41, resp.
29,33 kg.m?. Haicik et al. (2007) konitatuji, Ze jednou
z moznosti zvySenia rentability produkcie hydinového

misa je uplatiovanie novych trendov vo vyzive hydiny.
V konecnom doésledku aplikacia probiotického kfmneho
doplnku vedie k zlep$eniu uzitkovosti a zvySeniu miery
zisku.

ZAVER

Na zaklade vysledkov  experimentov  moZeme
konstatovat, ze pri zniZzeni koncentracie brojlerovych
kur¢iat na jednotku plochy z 29,41 na 25,76 kg.m?, resp.
29,33 na 23,9 30 kg.m? nebola tatisticky preukazne
ovplyvnena ich findlna Zzivda hmotnost (P>0,05).
Priemerna finalna ziva hmotnost brojlerovych kuréiat
v prvom a druhom experimente bola pomerne vyrovnana
2,14, resp. 2,17 kg alebo 2,01, resp. 2,02 kg
pri koncentracii 29,41, resp. 29,33 kg.m™ alebo 25,76,
resp. 23,90 kg.m?Z V prepoéte produkcie brojlerovych
kurciat v celej hale sa uvedenym znizenim koncentracie
zvierat znizila produkcia o 12,41, resp. 18,51 %. Uvedené
znizenie celkovej produkcie brojlerovych kurciat znamena
znizenie ceny produkcie v hodnotenej hale pre vykrm
24 750 kur¢iat o 4 745,73, resp. 7 060,09 €.

LITERATURA
ANGELOVICOVA, M., ANGELOVIC, M. 2011.
Broiler welfare, EU standards and world trade.
In Potravinarstvo, vol. 5, 2011, special issue, p. 340-344.
CRAVENER T. L., ROUSH W. B., MASHALY, M.
M. 1992. Broiler production under varying population
densities. In Poult. Sci., vol. 71, 1992, p. 427-433.

Volume 6

No. 2/2012


https://profil.uniag.sk/lide/clovek.pl?id=1360;lang=sk
https://profil.uniag.sk/lide/clovek.pl?id=1360;lang=sk

potravinarstvo

EDRISS, M. A., DAVOODVANDI, S., POURREZA, J.
2003. The Effect of stock density on the predoction of
performance and carcass traits in broiler chickens.
In Proceedings 26th European Symposium on the Quality
of Poultry Meat, September 2003., Saint-Brienc, France,
2003, p. 695-700.

HASCIK, P., CUBON, J, KACANIOVA, M,
UBREZIOVA, 1. 2007. Vplyv novych trendov vo vyzive
hydiny na ekonomiku vyroby hydinového misa. In Acta
Oeconomica et Informatica, vol. 1, 2007, p. 17-20.

LEONE, E. H., ESTEVEZ, |. 2008a. Space use
according to the distribution of resources and level of
competition. In Poult. Sci., vol. 87, 20083, p. 3-13.

LEONE, E. H., ESTEVEZ, 1., 2008b. Use of space in the
domestic fowl: separating the effects of enclosure size,
group size and density. In Anim. Behaviour, vol. 76,
2008b, p. 1673-1682.

LEWIS P. D., PERRY G. C., FARMER L. J,
PATTERSON R. L. S. 1997. Responses of Two
Genotypes of Chicken to the Diets and Stocking Densities
Typical of UK and "Label Rouge" Production Systems:
1. Performance, Behaviour and Carcass Composition.
In Meat Sci., vol. 45, 1997, vol. 4, p. 501-516.

MELUZZI, A., FABBRI, C., FOLEGATTI, E., SIRRI,
F. 2008. Effect of less intensive rearing conditions on litter
characteristics, growth performance, carcase injuries and
meat quality of broilers. In British Poult. Sci., vol. 49,
2008, p. 509-515.

MENDES, A. A., GARCIA, R. G., IMEIDA, I.C.L. A,,
MOREIRA, J. 2004. Effect of stocking densities and
season on performance, environmental and
thermoregulatoryparameters and carcass yield of broiler
chickens. In The 22" World’s Poultry Congress. Istanbul,
Turkey, June 8-13, 2004, p. 417.

MORTARI, A. C., ROSA, A. P.,, ZANELLA, 1.,
NETO, C.B., VISENTIN, P.R., BRITES, L. B. P. 2002.
Performance of broilers reared in different population
density, in winter, in South Brazil. In Ciéncia Rural,
vol. 32, 2002, p. 3.

PROUDFOOT, F. G., HULAN, H. W., 1979. The
effect of four stocking densities on broiler carcass grade,
the incidence of breast blisters and other performance
traits. In Poult. Sci., vol. 58, 1979, p. 791-795.

SHANAWANY, M. M., 1988. Broiler performance
under high stocking densities. In British Poult. Sci.,
vol. 29, 1988, p. 29-43

SKRBIC, Z., PAVLOVSKI, Z., LUKIC, M., 2006.
Possibility of improvement of certain slaughter traits by
reducing the density of housing of broiler chickens.
In World’s Poult. Sci. J., vol. 62, 2006, p. 273.

SKRBIC, Z., 2007. Efekti gustine naseljenosti i
svetlosnog programa na proizvodne i klani¢ne osobine
brojlerskih pili¢a razli¢itog genotipa: doktorska disertacija.
Poljoprivredni fakultet, Beograd, 2007.

SKRBIC, Z., PAVLOVSKI, Z., LUKIC, M., 2007. Body
mass and dynamics of growth of broiler chiickens of
different genotype in improved rearing conditions.
In Biotechnol. Anim. Husbandry, vol. 23, 2007c, no. 5-6,
p. 347-357.

SKRBIC, Z., PAVLOVSKI, Z. LUKIC, M.,
BLAGOJEVIC, M., 2008a. Carcass quality of broilers
reared in lower stocking density and in conditions of
discontinuous light program. In 1st Mediterranean Summit

of WPSA Advances and Challenges in Poultry Science.
Porto Carras, Greece, 2008a, p.1028-1032.

SKRBIC, Z., PAVLOVSKI, Z., LUKIC, M., 2008b.
Efekat gustine naseljenosti na pojedine klani¢ne osobine

brojlera genotipa Cobb. In Biotehnol. In  Anim.
Husbandry, vol. 24, 2008b, no. 1-2, p. 51-58.
SKRBIC, Z., PAVLOVSKI, Z., LUKIC, M.,

BLAGOJEVIC, M., 2008c. Kvalitet trupa brojlera gajenih
U manjoj gustini naseljenosti i u uslovima
diskontinuiniranog svetlosnog programa. In Zivinarstvo,
vol. 10, 2008c, p. 3-9.

SKRBIC, Z., PAVLOVSKI, Z., LUKIC, M., PERIC,
L., MILOSEVIC, N., 2009. The Effect Of Stocking
Density On Certain Broiler Welfare Parameters.
In Biotechnol. Anim. Husbandry, vol. 25, 2009, no. 1-2,
p. 11-21.

THOMAS, D. G., RAVINDRAN, V., THOMAS, D. V.,
CAMDEN, B. J., COTTAM, Y. H., MOREL, P. C.H,
COOK, C. J., 2004. Influence of stocking density on the
performance, carcass characteristics and selected welfare
indicators of broiler chickens. In New Zealand Vet. J.,
vol. 52, 2004, p. 76-81.

WEEKS, C. A, DANBURY, T. D., DAVIES, H. C,,
HUNT, P., KESTIN, S. C., 2000. The behaviour of broiler
chickens and its modification by lameness. In Appl. Anim.
Behaviour Sci., vol. 67, 2000, p. 111-125.

YADGARI, L., KINREICH, R., DRUYAN, S,
CAHANER, A., 2006. The effects stocking density in hot
conditions on growth, meat yield and meat quality of
fetherless and feathered broilers. In World's Poult. Sci. J.,
vol. 62, 2006, p. 603.

FAO, 2010. Poultry Meat & Eggs. Roma : Viale delle
Terme di Caracalla, 2010.

Situa¢na a vyhladova sprava (hydina a vajcia).
Bratislava : VUEPP, vol. 19, 2011, 44 p. ISBN 978-80-
8058-567-90.

Smernica Rady 2007/43/ES z 28. jina 2007, ktorou sa
stanovuju minimalne pravidla ochrany kuréiat chovanych
na produkciu misa. In Uradn)} vestnik L 182, 12/07/2007,
p. 0019-0028.

Vynos z 31. januara 2002 ¢. 39/3/2002-100, ktorym sa
meni a dopiia vynos Ministerstva pddohospodarstva
Slovenskej republiky zo 7. oktobra 1997 ¢. 1497/3/1997-
100, ktorym sa ustanovuji poziadavky na uvadzanie
doplnkovych latok do obehu, na ich zlozenie, skii$anie a
hodnotenie a blizSie poziadavky biologického overovania
krmiv (oznamenie ¢. 106/1998 Z. z.) v zneni vynosu
Ministerstva pddohospodarstva Slovenskej republiky z 26.
novembra 1999 ¢. 4156/1999-100 (oznamenie ¢. 357/1999
Z.2.).

Acknowledgments:
This work was supported by grant VEGA 1/0007/11.

Contact address:

prof. Ing. Maria Angelovi¢ova, CSc., Slovak University
of Agriculture, Faculty of Biotechnology and Food
Sciences, Department of Food Hygiene and Safety,Tr.
Andreja  Hlinku 2, 949 76 Nitra, E-mail:
maria.angelovicova@gmail.com,

Ing. Martin Kliment, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department

Volume 6

No. 2/2012



potravinarstvo

of Food Hygiene and Safety, Tr. Andreja Hlinku 2, 949 76
Nitra, E-mail: martin.kliment@uniag.sk,

Ing. Cubica Mrazova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Food Hygiene and Safety,Tr. Andreja Hlinku 2, 949 76
Nitra, E-mail: lubica.mrazova@uniag.sk,

Ing. Jana Tkacova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Food Hygiene and Safety, Tr. Andreja Hlinku 2, 949 76
Nitra, E-mail: martin.kliment@uniag.sk,

Ing. Martin Kral, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department

of Food Hygiene and Safety, Tr. Andreja Hlinku 2, 949 76
Nitra, E-mail: martin.kral@uniag.sk,

MSc. Ebrahim Aleaig, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Food Hygiene and Safety, Tr. Andreja Hlinku 2, 949 76
Nitra, E-mail: ebrahim.alfaig@uniag.sk,

MVDr. Lubomir Lopasovsky, PhD., Slovak University of
Agriculture, Faculty of Biotechnology and Food Sciences,
Department of Food Hygiene and Safety,Tr. Andreja
Hlinku 2, 949 76 Nitra, E-mail:
lubomir.lopasovsky@uniag.sk

Volume 6

No. 2/2012



potravinarstvo

Potravinarstvo, vol. 6, 2012, no. 2, p. 9-14

doi: 10.5219/188

Received: 21 February 2012. Accepted: 6 March 2012.
Available online: 1 April 2012 at www.potravinarstvo.com
© 2012 Potravinarstvo. All rights reserved.

®:potravindrstvo

QUANTITATIVE AND STRUCTURAL CHANGES OF TESTIS AND SEMEN
QUALITY PARAMETERS CHANGES CAUSED BY PERORAL
ADMINISTRATION OF DIAZINON IN RATS

Michal Cabaj, Robert Toman, Maria Adamkovicova, Peter Massdnyi, Branislay Siska,
Norbert Lukac, Jozef Golian, Svitoslav Hluchy

ABSTRACT

The aim of this study was to find the quantitative and structural changes in the rat testis and changes of semen quality after a
diazinon administration. METHODS: Rats received diazinon (99% purity) in thier drinking water (40 mg.I") with free
access. Age of rats at the beginning of the experiment was 30 days and experiment lasted for next 90 days. The histological
samples were evaluated by histological and morphometric methods in light microscopy and the samples of semen were
evaluated with CASA method. RESULTS: Disintergation of cellular associations in the seminiferous epithelium, germ cells
evacuation into the tubule lumen and thier necrosis were mostly observed. Rarely vacuolisation and cracks of epithelium
and fibrotisation of interstitial tissue were noted. Morphometric methods have shown extension of epithelium (P<0,01),
reduction of tubule lumen (P<0,001) and dilatation of blood vessels (P<0,001). In CASA analysis elevation of all
parameters were noted, with statistically significant increase of DSL, VSL, ALH. Dilatation of blood vessels will be
probably one of the most significant finding in diazinon toxicity because changes in blood flow in the testis are the key
factors of accurate physiological function of testis. The epithelium despite the serious disintegration of germ cells
associations and release of these necrotised germ cells to the lumen was significantly extended. This fact indicates the self-
reparation compensational function. The same tendency (stimulation effects) has been found in all analysed sperm
parameters. It supports previous hypothesis. CONCLUSIONS: Diazinon in this design of experiment causes the
disintegration of the germinal epithelium cells associations consequently leading to necrosis and release of these cells to the
tubule lumen. Dilatation of blood vessels and unknown stimulation effect on sperm quality parameters are two other
common effects of diazinon. We concluded that diazinon in our subchronic low dose test causes middle to moderate
histological, morphometric and semen quality changes which were partially compensated with some unknown recovery
mechanism. Otherwise, subcellular structures and their functions may be damaged which can lead to subfertility. Further
investigation of diazinon is needed for verification of our hypothesis.

Keywords: diazinon, testis, histology, morphometry, sperm, rat

UVOD

Diazinon je pesticid uréeny na regulaciu rozmanitého
hmyzu patriaci do skupiny organofosforecnych pesticidov
pouzivanych v pol'nohospodarstve, veterinarnej medicine
a domacnostiach. Ak sa v danej oblasti pouziva, je vd’aka
rozmanitym sposobom pouzitia V zivotnom prostredi
vSadepritomny kontaminant, od stopovych az po
potenciondlne toxické koncentracie pre zivé zlozky
ekosystému (Swan, 2006; Swan et al., 2003; Roeveld
et al., 2008; Jurewicz et al., 2009; ATSDR, 2008).
Lahko prenika do vod, pody a vo forme aerosolu méze byt
roznaSany vetrom. Do organizmu prenikda cez vSetky
zname cesty expozicie. Je extrémne toxicky pre ryby
a vodné zivocichy, vtaky a vcely, pre cicavce je stredne
toxicky (Inchem, 2012). Pri nedodrzani spravnych
ochrannych lehét, alebo dévok pri postrekoch plodin, ¢i
sadov, alebo pri manipulacii, ¢i aplikdcii, vznikd
potencionalne riziko pre pracovnikov (Rastogi et al.,
2009; Swan, 2006; Recio-Vega et al., 2008), I'udi zijucich
v aplika¢nej oblasti (Swan et al., 2003; Swan, 2006;
Roeveld et al., 2008; Jurewicz et al., 2009), alebo

konzumenta finalneho produktu (ATSDR, 2008; RASFF,
2012). Rychlym vystraznym systémom pre potraviny
akrmiva (Rapid Alert System for Food and Feed) boli
Vv poslednych desiatich rokoch raz az niekolkokrat ro¢ne
zachytavané na obchodny trh urcené dodavky ovocia,
zeleniny apolnych plodin kontaminované diazinonom
z rozmanitych krajin sveta (RASFF, 2012). Diazinon ako
latka s vysokym toxickym potencidlom vplyva cielovo na
mnohé organové systémy (ATSDR, 2008; Yehia et al.,
2007; Wecker et al., 1985; Kashanian et al., 2008;
Maxwell a Dutta, 2005; Alahyary et al., 2008; Oostingh
et al., 2009; Kojima et al., 1993) najznamejsie s jeho
neurotoxické uéinky (Roegge er et al., 2008; Rush et al.,
2010; Slotkin a Seidler, 2007; Slotkin a Seidler, 2009).
Jednym z d’alsich cielovych systémov, na ktory vplyva, je
aj sam¢i reprodukény systém (Abd el-Aziz, Shalab, Abd
El-Khalik, 1994; Swan, 2006; Swan et al., 2003; Pifia-
Guzman, Solis-Heredia, Quintanilla-Vega, 2005;
Okamura et al., 2009; Sarabia, Maurer, Bustos-
Obregon, 2009a,b; Recio-Vega et al., 2008). Ciel'om
experimentu bolo simulovat’ peroralnu subchronick(
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expoziciu diazinonom a popisat’ a vyhodnotit' pripadné
histologické a  morfometrické zmeny semennika
a parametre pohyblivosti spermii potkana, ako cast
extrapolaéného toxikologického modelu — odhadu
toxikologického rizika u ¢loveka na zaklade Ww¢inkov
zaznamenanych pri skimani na zvieratach.

MATERIAL A METODY

20 samcov potkanov linie Wistar bolo nahodne
rozdelenych do dvoch skupin po 10 nasledovne: kontrolna
skupina a skupina s opakovanym peroralnym podavanim
diazinonu. Vek zvierat v oboch skupinach pri zaciatku
experimentu bol 30 dni. Samcom experimentalnej skupiny
sa podaval diazinon (Sigma-Aldrich, USA; 99% C¢istota)
v pitnej vode, v koncentracii 40 mg.l-1 pocas 90 dni.
Na konci experimentu boli samci oboch skupin
anestetizovani (parami éteru) a humanne usmrteni. Po
usmrteni sa vykonala anatomickd pitva a odobrali sa
vzorky semennikov, ktoré sa fixovali v modifikovanom
Davidsonovom roztoku (Latendresse et al., 2002). Zvierata
boli umiestnené individualne v plastovych nadobach na
podstielke z drevenych hoblin. V priestoroch pokusného
zariadenia sa dodrziavali zakladné naroky na zivotné
podmienky (teplota 20 — 22 °C, vlhkost 55 + 10 %,
12 hodinovy svetelny rezim) aneobmedzeny pristup
kvode akrmivu (M3, Machal, Ceska republika) podla
nariadenia vlady SR ¢. 289/2003 Z.z.. Experimenty sa
vykonavali v schvalenom pokusnom zariadeni SK PC
50004 SPU v Nitre.

Histologické a morfometricke hodnotenie

Vzorky semennika sa farbili hematoxylin-eozinom
a skumali sa v svetelnom mikroskope Nikon Eclipse E600.
Hodnotenie mikrofotografii bolo uskutoCnené
komputerizovanym systémom vyhodnocovania pomocou
PC morfometrického software M.L.S. Quick Photo a
mikroskopom Olympus AX 70. Vzorky semennikov na

histologickych  preparatoch sa  dalej vyhodnotili
kvantitativnymi morfometrickymi metodami
modifikovanymi podla Uhrina a Kuli§eka (1980).

V semenniku sa hodnotil absolitny objem Struktury
semennika (um®) pre: semenotvorny epitel, limen
semenotvornych kanalikov, prazdne miesta
vV semenotvornom epiteli, intersticidlne tkanivo, krvné
cievy; dalej sa hodnotil priemer (um) a plocha
semenotvorného kanalika (um?). Porovnavana bola tiez
priemerna hmotnost’ semennika (g).

Hodnotenie parametrov kvality ejakuldtu

Prisemennik bol odobraty pri anatomickej pitve, ihned’
po usmrteni zvierat. Z prisemennika bola odobratd vzorka
ejakulatu. Vzorky boli nariedené fyziologickym roztokom
(20 pl) neustale udrziavané pri teplote 37 °C. Vzorka bola
umiestnena na 10 um hlbokt Maklerovu komoérku (Sefi—
Medical Instruments, Israel) a nasledne bolo hodnotenych
minimalne 8 reprezentativnych zornych poli. Vo vzorkach
ejakulatu ziskaného z prisemennika sa systémom CASA
SpermVision (Minitiib, Tiefenbach, Germany) za pomoci
mikroskopu Olympus BX 51 (Olympus, Japan) hodnotili
nasledovné parametre spermii:

e % pohyblivych spermii
e 9% progresivne pohyblivych spermii

e DAP - distance average path; priemerna drahova
vzdialenost’ (um)
e DCL - distance curved line; linia zaoblenej vzdialenosti

e DSL - distance straight line; linia priamej vzdialenosti

VAP - velocity average path; priemernd drahova

rychlost’ (um/s)

VCL - velocity curved line; rychlost’ v zaoblenej linii

VSL - velocity straight line; rychlost’ v priamej linii

STR - straightness; priamost’ pohybu (VSL/VAP)

LIN - linearita (VSL/VCL)

WOB - wobble; kmitanie (VAP/VCL)

ALH - amplitude of lateral head displacement;

amplitida lateralneho premiestnenia hlavicky (um.s™)

e BCF - beat cross frequency; frekvencie krizneho tderu
(H2)

Statistické hodnotenie

Vysledky boli uvedené ako priemertStandardna
odchyl’ka (x£SD). Na Statistické hodnotenie vysledkov
bola pouzitd jednocestna analyza rozptylu (ANOVA) s
hladinou preukaznosti 0=0,05 v software Statgraphics
Centurion XV.

VYSLEDKY A DISKUSIA

Na mikrofotografidch rezov semennikov samcov
kontrolnej skupiny (Obrazok 1) bol pozorovany normalny
tvar astruktira tkaniv semennika. Priestor medzi
jednotlivymi kruhovitymi az ovalnymi semenotvornymi
kanalikmi vyplialo kondenzované intersticialne tkanivo.
Vonkajsi okraj obvodu kanalikov lemovala tesne
prisadnuta bazalna membrana. Smerom do limenu na iu
v nepravidelnych vrstvach nasadali deliace sa Stadia
spermatogénnych buniek, medzi ktorymi sa ¢rtali Sertoliho
bunky s charakteristickymi ~ bunkovymi  jadrami.
Na apikalnych vrcholoch Sertoliho buniek boli v zavislosti
od fazy spermatogénneho cyklu uchytené spermatidy a
spermie. Limen kanalikov vypliali masy uvolnenych
spermii. V intersticidlnom tkanive boli viditelné najma
v okoli drobnych krvnych ciev zhluky Leydigovych
buniek aobcas ivlaknitd Struktara tkaniva. Hmotnost
semennika, priemer a plochu semenotvorného kanalika
zobrazuje tabulka 1; absolutny objem Struktir semennika
tabulka 2 a parametre kvality ejakulatu tabulka 3. Po
perorélnom subchronickom podavani diazinonu (40 mg.I™
poc¢as 90 dni) nepreukazne poklesla hmotnost’ a plocha
semennika a vzrastol priemer kanalika. Toman et al.
(2011) po jednorazovom  intraperitoneadlnom podani
zaznamenali naopak preukazny vzostup hmotnosti
semennika a pokles priemeru kandlika, ¢o poukazuje na
rozdielne posobenie v zavislosti od davky a spdsobu
podéavania. NajcCastejSie histopatologické zmeny boli
hromadné poskodenia spojeni buniek epitelu a nasledné
odumieranie a uvolnovanie tychto mas buniek zo
semenotvorného epitelu do lumenu (Obrazok 2a), ¢im sa
preukazne zmensSoval priesvit lamenu (Tabulka 2).
Poskodenie spojeni a odumieranie buniek by mohlo
stvisiet’ s potencialom diazinonu pre indukciu oxidacného
stresu s naslednymi u¢inkami na tkaniva (Sarabia,
Maurer, Bustos-Obregén, 2009b; Shah a Igbal, 2010;
Giordano et al.,, 2007). Preukazny narast zastipenia
epitelu, napriek jeho poskodzovaniu (odumieranie
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Tabul’ka 1 Hmotnost’ semennika; priemer a plocha semenotvorného kanalika

Hmotnost’ semennika Plocha kanalika Priemer kanalika
Skupina (g) (sz) (Hm)
X+ SD
Kontrola 1,45+0,25 376,61+63,07 240,09+19,69
Diazinon 1,39+0,22 335,26+54,00 254,23+19,61

x-priemer, SD-§tandardna odchyl’ka

Tabul’ka 2 Absoliitny objem §truktir semennika (um®)

Semenotvorny Pr_ézdne . - Intersticialne L.
epitel m|e§ta_v Lumen kanalika tkanivo Krvné cievy
Skupina epiteli
X+ SD
Kontrola 90,41+4,04 0,53+1,03 32,90+4,22 15,24+2,83 0,41+0,37
Diazinon 100,02+6,83** 1,27+1,23 14,12+5,07*** 16,43+4,70 1,45+0,52%**
x-priemer, SD-§tandardna odchyl’ka; ** P<0,01; *** P<0,001
Tabulka 3 Parametre kvality ejakulatu
Kontrola Diazinon
Parameter x£SD
Koncentracia 0,17+0,12 0,64+0,77
% Pohyblivost’ 29,66+15,88 39,87+18,85
% Progresivna pohyblivost’ 13,82+10,46 20,00+14,54
DAP 21,01+4,58 24,55+3,57
DCL 33,78+8,22 37,54+5,41
DSL 16,324+2,89 19,43+3,37*
VAP 53,39+12,65 62,44+9,34
VCL 84,87+21,58 95,01+£14,48
VSL 41,42+7,85 49,16+8,52*
STR 0,79+0,05 0,79+0,04
LIN 0,52+0,08 0,53+0,04
WOB 0,65+0,08 0,66+0,03
ALH 5,49+1,13 6,76+1,06*
BCF 17,90+1,75 17,95+2,73
X — priemer; SD — $tandardna odchylka; * P<0,05
a uvolfiovanie buniek), by mohol byt kompenza¢nym narast zastupenia intersticia, ¢o modze suvisiet

reparanym mechanizmom diazinonom poskodzovaného
epitelu. Medzi histopatologické zmeny s niz§im vyskytom
patrili vznik trhlin v epiteli a odlupovanie sa bazalnej
membrany i $ niekol’kymi bunkami epitelu (Obrazok 2b),
¢o rovnako sved¢i o poskodeni bunkovych spojeni.
Zriedkavy bol vyskyt prazdnych miest v epiteli —
vakuolizacia (Obrazok 2a), ktory sa v morfometrickom
hodnoteni neprejavil preukazne. V intersticiu bola vel'mi
zriedkavo pozorovana fibrotizacia a jeho zastpenie
korespondovalo s vysledkami  kontroly. = Naopak,
Toman et al. (2011) zaznamenali po jednorazovom
intraperitonealnom podani diazinonu edém a preukazny

s intenzivnejSou akutnou stresovou reakciou pri danom
experimente. Vyznamnym morfometrickym nélezom bol
preukazny nérast objemového zastipenia - dilatacie ciev,
ako komponentov krvenia vSetkych Struktir semennika
a zasobenim organizmu testosteronom a inymi
androgénmi. NaSe nalezy koreSponduju s nalezmi
Kojima et al. (1993), ktory zaznamenali hypotenzivny-
dilatacny w¢inok diazinonu na izolovani aortu potkana
cholinergnym t¢inkom diazinonu na hladkosvalové bunky
aorty. Rovnako, Cabaj et al. (2010) zaznamenali dilataciu
krvnych ciev po intraperitonealnom podani diazinonu. N4s
nalez ukazuje, ze dilatacny ucinok diazinonu sa prejavuje
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aj na inych krvnych cievach i v in vivo experimentoch aj
po subchronickom podavani nizkych davok. Nami
pozorované zmeny (dilatdcia ciev) by mohli suvisiet
s produkciou testosteréonu a inych androgénov. Zmeny
v koncentraciach testosterénu po podani diazinonu su
nejednoznacné a Casto rozporuplné (Okamura, et al.,
2009; Alahyary, et al., 2008; Abd el-Aziz, Shalab,
Abd el-Khalik, 1994; Sarabia, Maurer, Bustos-
Obregon, 2009b; El-Hoda, Zidan, 2009).

V hodnoteni parametrov kvality ejakulatu doslo vo
vSetkych hodnotenych parametroch experimentalnej
skupiny k ich narastu, z toho pri parametroch DSL, VSL
a ALH boli tieto zmeny preukazné (Tabulka 3). Su
dokdzané suvislosti medzi vyskytom diazinonu
v prostredi a znizenou kvalitou ejakulatu muZov (Swan,
2006; Recio-Vega et al., 2008). Spermatotoxické
ucinky diazinonu upotkanov by mohli byt
spdsobené histologickym poskodenim hlavy
prisesmennika a zalomené bic¢iky, cytoplazmatické

kvapocky aredukovana pohyblivost spermii su
oznatované ako relevantné markery spermatotoxicity
diazinonu (Okamura et al., 2009). Udaje inych autorov
naznacuji, ze spermie v poslednom kroku zretia su
cielovym miestom posobenia diazinonu (Pifia-Guzman,
Solis-Heredia, Quintanilla-Vega, 2005). Salazar-
Arredondo et al. (2008) zaznamenali poskodenia
chromatinu a DNA U spermii Cloveka, Pifia-Guzman,
Solis-Heredia, Quintanilla-Vega (2005) poskodenie
DNA u neskorych spermatid a poSkodenie chromatinu
spermii u potkanov; Sarabia, Maurer, Bustos-Obregon
(2009a) poskodenia chromatinu a DNA spermii u mysi.
Priame znizenie plodnosti znizenou schopnostou
koncepcie usamcov potkanov potvrdili Abd el-Aziz,
Shalab, Abd el-Khalik (1994). Zmeny najmid v
parametroch DSL, VSL a ALH, ktoré sme zaznamenali
Vv naSom experimente naznauji mozné poskodenie
stredového-mitochondridlneho useku spermii, ktoré je
miestom produkcie energie, alebo na posSkodenie
pohybového aparatu spermii, ktory je zodpovedny za
idealny pohyb spermie; hypoteticky je mozné pripadné

vylepSenie pohybovych funkcii spermii pocas priebehu
spermatogenézy alebo pocas zretia v prisemenniku, ako
kompenzacnad odpoved” na stimulaény podnet ich
mierneho dlhodobého poskodzovania nizkou davkou
diazinonu. Okamura et al. (2009) nezaznamenali po
subchronickom teste s diazinonom na potkanoch zmeny
Vv koncentracii AMP, ADP, ATP, ani v pomere ATP/ADP.
V naSom experimente pouzitd davka bola jednou z
najnizsich spomedzi citovanych udajov. Je preto mozné,
ze sme zachytili hrani¢nu davku, ktora este nespdsobovala
CASA analyzou zaznamenatelné znamky toxického
posobenia na spermiach.

ZAVER

Diazinon V nasom experimente sposoboval
dezintegraciu bunkovych spojeni zarodo¢ného epitelu, ¢o
nasledne vedie k odumieraniu a uvolnovaniu

zarodo¢nych buniek do limenu semenotvorného kanalika.
Dilatacia krvnych ciev a neznamy stimula¢ny u¢inok na
kvalitu parametrov ejakulatu su dva dalSie hlavné
popisané  nalezy ulinkov  diazinonu.  Diazinon

Obrazok 1: Semennik potkana kontrolnej skupiny (200x, HE).
1-semenotvorny epitel, 2-lamen kanalika so spermiami, 3-intersticialne
tkanivo, 4-krvna cieva

7

8 W | pone 4.. ',“'\
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Obrazok 2a: Semennik potkana po p.o. podani diazinonu
(200x, HE). 1-semenotvorny epitel, 2-odumreté evakuované
bunky epitelu v lamene kanalika, 3-intersticialne tkanivo, 4-krvna
cieva, Sipka-bunky epitelu uvolujuce sa do limenu kanalika,
prazkovana Sipka-prazdne miesta v epiteli

RO N O N e b S
Obriazok 2b: Semennik potkana po p.o. podani diazinonu
(200x, HE). 1-semenotvorny epitel , 2-lamen kanalika so
spermiami, 3-intersticialne tkanivo, 4-krvna cieva, biela Sipka-
poskodenie bunkovych spojeni-trhliny v epiteli, prizkovana Sipka-
odlupovanie sa epitelu od bazalnej membrany
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v subchronickom teste s nizkou davkou sposobuje stredné
zavazné az nizke histologické a morfometrické poskodenia
a sposobuje zmeny V parametroch kvality ejakulatu.
Tieto poskodenia a zmeny su cCiasto¢ne kompenzované
neznamym regeneracnym mechanizmom. Napriek naSim
zisteniam st mozné Strukturdlne ¢i funkéné poSkodenia na
subcelularnej Grovni, ktoré moézu viest k poklesu
plodnosti. Na overenie naSich hypotéz st potrebné dalSie
vyskumy.
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ENTEROCOCCI AND THEIR ABILITY TO FORM A BIOFILM

Margita éanigovd, Viera Duckova, Miroslav Krocko, Jana Rackova, Jana Bezekova

ABSTRACT

Number of enterococci determined in raw milk cistern samples was in range of 2.95 to 4.18 log CFU.mlI™* and raw milk
samples obtained from storage tanks contained enterococci count in the range of 3.04 to 4.51 log CFU.ml™. Results of
microbiological quality evaluation showed, that count of enterococci increased during cold storage of raw milk. Portion of
enterococci from the total microflora of raw milk taken from cistern samples was 0.44 %, otherwise in raw milk samples
taken from storage tanks portion of enterococci decreased to 0.38 %. Among enterococci isolates E. faecalis was the
predominat species in tested samples of raw milk from both cistern — 58.1 % and storage tank — 71.7 %. The following
species were identified E. faecium, E. group Ill., E. mundtii, E. casseliflavus. It was found that 38 % E. faecalis isolates

were able to form a biofilm.

Keywords: enterococci, identification, biofilm

UvVoD

Enterokoky sa prirodzene vyskytuju v potravinich
zivoc¢isSneho irastlinného pdvodu. Vysoky obsah
enterokokov v mlieku a mlieénych vyrobkoch v sti¢asnosti
indikuje  predovsetkym  nedodrzanie  hygienickych
podmienok bud’ pri ziskavani mlieka alebo pri vyrobe
mlie¢nych vyrobkov. Enterokokom sa pripisuji mnohé
pozitivne vlastnosti, ktoré ich radia medzi uzitoén
mikrofléru. Tvoria vyznamnt ¢ast’ mikroflory pouzivanej
pri vyrobe niektorych druhov syrov, uplatiiuju sa
predovsetkym na tvorbe arémy pri ich zreni (Foulquie
Moreno et al., 2006; Tuncer, 2009; Serio et al., 2010).
Duckova et al. (2009) uvadzaji napr. v bryndzi priemerné
potty enterokokov 6,12 log KTJ.g™. Enterokoky patria tieZ
medzi uznavané probiotické mikroorganizmy schopné
produkovat’ bakteriociny. Nes et al. (2007) zistovali
produkciu bakteriocinov enterokokmi, pricom u druhov
E. faecalis, E. faecium a E. mundtii dokazali produkciu
viacerych bakteriocinov. Na druhej strane st enterokoky
fakultativne patogénnymi mikroorganizmami (Biendo
et al., 2010) a su tiez schopné produkovat’ biogénne aminy
(Standarova et al., 2009). V poslednych rokoch sa sleduje
aj ich rezistencia na antibiotika a schopnost’ tvorit’ biofilm
(Tendolkar et al., 2004; Citak et al., 2006).

Rozsirenie a stupenn tvorby biofilmu enterokokmi je
rozny. Mohamed et al. (2004) vo svojej studii zistili
tvorbu biofilmu u 93 % Klinickych a fekalnych izolatov
enterokokov. Metzger (2008) sledoval schopnost’ tvorby
biofilmu u enterokokov pochadzajiicich z mastalného
prostredia. Celkovo odobral 177 izolatov, pricom
schopnost’ tvorby biofilmu sa sledovala u druhov
E. faecium, E. casseliflavus a u E. faecalis. Vsetky tieto
druhy vykazovali schopnost’ tvorby biofilmu. Produkcia
biofilmu bola odlisnda medzi jednotlivymi druhmi
enterokokov, ale bola podobna v zavislosti od ich pévodu.
E. faecalis tvoril biofilm vo vécsej miere ako E. faecium
alebo E. casseliflavus. Tieto vysledky koresponduju aj
s vysledkami inych autorov (Tendolkar et al., 2004;
Di Rosa et al., 2006), ktori tvorbu biofilmu druhom

E. faecalis porovnavali sinymi druhmi enterokokov.
Necidova et al. (2009) izolovali enterokoky z bazénovych
a cisternovych vzoriek mlieka, zo sterov odobratych na
farme a mliekarni a tiez z finalnych mliecnych vyrobkov.
Z odobratych izolatov E. faecalis bolo 85 kmetiov (28 %)
pozitivnych — tvoriacich biofilm a 218 (72 %) kmenov
bolo negativnych — netvoriacich biofilm. Z celkového
poctu izolatov E. faecium bolo 7 (33 %) kmenov
pozitivnych a 14 (67 %) kmenov negativnych na tvorbu
biofilmu.

Z pohl'adu roz$irenia biofilm-tvoriacich enterokokov
mozno na zaklade ich vysledkov konstatovat’, ze najviac
boli enterokoky tvoriace biofilm rozsirené na farmach a
pochadzali predovSetkym z bazénovych a cisternovych
vzoriek  mlieka.  Poznatkov o tvorbe  biofilmov
enterokokmi izolovanymi z prostredia mliekarenskych
zavodov je pomerne malo. Va¢§ina studii tvorby biofilmov
bola doposial’ zamerana na klinické izolaty enterokokov.

Ciel'om nasej Stidie bolo zistit’ pritomnost’ enterokokov
v cisternovych vzorkach mlieka a vo vzorkach mlieka zo
zasobnych  tankov. Ziskané izoladty enterokokov
identifikovat’ a zistit Undhodne vybranych izolatov
schopnost’ produkovat biofilm.

MATERIAL A METODY

Pocet enterokokov (CPE) sa stanovoval vo vzorkach
mlieka (n = 50). Enterokoky sa stanovili pri teplote
37 £ 1 °C na Zivnom médiu Slanetz-Bartley (HiMedia,
India) po dobu kultivacie 48 + 2 hod (STN 56 0100,
1970).

Suspektné kolonie enterokokov izolované zo vzoriek
mlieka sa preockovali ¢iarovanim na selektivne médium so
zlcou aeskulinom (BEA agar) (HiMedia, India) a
inkubovali sa pri teplote 37 = 1 °C po dobu 24 + 2 hod.
Po potvrdeni izolatov k rodu Enterococcus na zaklade
morfologickych znakov (makroskopické a mikroskopické)
a biochemickych skasok (produkcia katalazy a PYRA test)
sa  vykonala druhova identifikicia  komerénym
EN-COCCUS testom (Pliva-Lachema, Ceska republika).
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Na simulaciu tvorby biofilmov u ndhodne vybranych
kmeniov  enterokokov sa pouzila metéoda, ktoru
modifikovala Korenova et al. (2008). Enterokoky sa
naockovali do tryptéon-s6jového bujonu (TSB), zivného
bujénu (ZB) a MRS bujénu (ked’ze jednym zo zakladnych
faktorov pre tvorbu biofilmu je substrat) a inkubovali sa
pri teplote 37 £ 1 °C po dobu 20 — 24 hod. Tato kultara
(NK) sa odstredila pri 4000 ot.min™ pogas 20 min.
Supernatant sa zlial abunky v skimavke sa doplnili
cerstvym bujonom v mnozstve 1 — 3 ml tak, aby opticka
denzita dosiahla hodnotu 0,4 — 0,5 (o zodpoveda asi
102 KTJmlY). Ztakto ziskanej kultury (CK) sa
naockovalo 100 pl do mikrotitra¢nej dosticky. Kultara sa
zabezpedila proti odpareniu a kultivovala pri teplote
37 £ 1 °C pocas 18 — 20 hod. Po kultivacii sa zmerala
optickéa denzita pri vinovej dizke 630 nm. Na kvantifikaciu
tvorby biofilmu sa pouZzila metoda farbenia s krystalovou
violetou modifikovana podl'a Koreriovej et al. (2008).

Principom tejto metody je zafarbenie buniek po premyti
na tuhom povrchu krystalovou violetou. Sledované druhy
enterokokov st schopné tvorby biofilmu, ak opticka
denzita zostavajucich buniek dosiahne po od¢itani hodnoty

VYSLEDKY A DISKUSIA

O priemernych  pocétoch  enterokokov v mlieku
z cisternovych vzoriek a zo zdsobnych tankov informuje
tabul’ka 1.
Pocty enterokokov pocas uskladnenia mlieka pred jeho
zakladnym oSetrenim stapli (P> 0,05), avsak ich podiel na

celkovej mikroflore klesol z povodnych 0,44 % na 0,38 %
v dosledku zvySeného narastu poctov psychrotrofnych
mikroorganizmov na celkovej mikroflore.

K vysvetleniu tychto zmien by mohlo prispiet’ zistenie
Panfili et al. (2008). Z vysledkov tychto autorov vyplyva,
ze pocty enterokokov v mlieku pocas skladovania pri
teplote do 10 °C st pomerne konstantné.

Z poévodne vytypovanych 182 koldonii vyrastenych na
Slanetz-Bartley agare vyrastlo po preo¢kovani ¢iarovanim
na BEA agare a vytvorilo typické kolonie len 96 izolatov,
¢o predstavuje 52,7 %. Toto zistenie len potvrdzuje zavery
inych autorov, zZe médium Slanetz-Bartley umoziuje
okrem enterokokov sledovanych v mlieku a mlieénych
vyrobkoch rast aj inym rodom  pribuznych
mikroorganizmov (Weiss et al., 2005; Krocko et al.,
2007).

Ako vyplyva ztabulky 2, najCastejSie izolovanym
druhom enterokokov z mlieka bol druh E. faecalis. Tento
druh enterokoka sa podla viacerych autorov (Teixeira
et al., 2007; Gomes et al., 2008; Necidova et al., 2009;
Trivedi et al, 2011) najcastejSie izoluje z mlieka a
mliekarenskych zariadeni.

Tvorba biofilmu v mliekarenskych zavodoch je spajana
predovSetkym s vlhkymi povrchmi, na ktorych sa
hromadia mikroorganizmy. Ucinnost’ sanitacie
v mliekarenskom podniku méze byt negativne ovplyvnena
pritomnostou enterokokov, kedze jednym z hlavnych
virulentnych faktorov enterokokov je ich schopnost’ tvorby
biofilmu (Tendolkar et al., 2004). Priklad hodnotenia

Tab. 1 Pocty enterokokov (CPE) v cisternovych vzorkach surového kravského mlieka (n = 25) a vo vzorkach mlieka zo

zasobnych tankov (n = 25)

; CPE CPE
Ukazovatel [KTJ.mlIY] [KTJ.mlY]
S 8,25.10° 9,16.10°
xq 6,71.10° 7,33.10°
min 9,00.10? 1,10.10°
max 1,50.10* 3,20.10*
Sy 4,37.10° 6,49.10°

Tab. 2 Druhové zastiipenie enterokokov v surovom mlieku z cisternovych vzoriek a vzoriek zo zasobnych tankov

Drunrody | Cisternovévaorky | L oy | ke | Caitay
Enterococcus pocet % (n = 96) pocet % (n=96)
E. faecalis 25 58,1 26,0 38 71,7 39,6
E. faecium 7 16,3 7,3 0 0 0
E. group IlI. 5 11,6 52 15 28,3 15,6
E. mundtii 4 9,3 4,2 0 0 0
E. casseliflavus 2 4.7 2,1 0 0 0
SPOLU 43 100 44,8 53 100 55,2
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Tab. 3 Tvorba biofilmu — E. faecalis kmern ¢. 48

Opticka denzita pri A = 630 nm
Typ bujonu NK NK NK
E. faecalis E. faecalis . -
Kmeri ¢. 48 ke &, 48 E. faecalis kmen ¢. 48
TSB 0,408 TSB 0,408 TSB 0,408
7B ¢&.2 0,319 7B¢&.2 0,319 7B¢&.2 0,319
MRS 0,298 MRS 0,298 MRS 0,298

Tab. 4 Schopnost’ izolovanych enterokokov tvorit’ biofilm

Druh Pozitivne druhy Negativne druhy
E. faecalis 5 (38 %) 8 (62 %)
E. faecium 1 (33 %) 2 (67 %)
E. group IlI. 0 2 (100 %)

tvorby biofilmu enterokokom izolovanym z mlieka je
uvedeny v tabulke 3. Vzhladom ktomu, Ze opticka
denzita buniek tohto kmena nedosiahla hodnotu > 0,1, bol
tento kmen vyhodnoteny ako neschopny tvorit’ biofilm.

V nasej §tadii sa tvorba biofilmu hodnotila u 18 nahodne
vybranych a identifikovanych kmenov enterokokov —
tabul’ka 4. Ako najvhodnej$ie médium pre tvorbu biofilmu
sa zistil TSB (tabul’ka 3), ktory sa vSak svojim zloZenim
lisi od zloZenia mlieka.

Ako vyplyva ztabulky 4 izolované enterokoky mali
pomerne slabi schopnost’ vytvarat' biofilmy na povrchu
plastu, z ktorého st vyrobené mikrotitrané dosticky
pouzité pri testovani biofilmov. To ale nevylucuje
schopnost’ enterokokov tvorit’ biofilmy, aj vzhladom na
médium pouzité v pokusoch, napr. na inych povrchoch.
Vyssia schopnost sa zaznamenala ukmeniov druhu
E. faecalis. Ve'mi podobnua schopnost’ enterokokov tvorit’
biofilmy dokéazali napr. aj Necidova et al. (2009),
Barbosa et al. (2010). Samozrejme tvorba biofilmov je
ovplyviitovana mnohymi faktormi ako napr. povrch,
substrat, podmienky, za ktorych sa mikroorganizmy
rozmnozu ju apod. Zanedbanie saniticie povrchov
mliekarenskych strojov moze vyznamne prispiet’ k tvorbe
biofilmov, ¢im sa vytvaraji zdroje pre kontaminaciu
mlieka a mlie¢nych vyrobkov mikroorganizmami.

ZAVER

Enterokoky patria k beznej mikroflore surového mlieka
aich pocty sa pred tepelnym oSetrenim mlieka Statisticky
nevyznamne zvySovali. Dominantnym druhom
enterokokov, ktory sa v mlieku vyskytoval je E. faecalis.
Vysledky nahodne testovanych kmenov enterokokov na
schopnost’ tvorit’ biofilm jasne dokazujli, Ze enterokoky
takuto schopnost’ maji. Predchadzat’ tvorbe biofilmov je
mozné doslednym dodrziavanim pravidiel sanitacie
ahygieny, ¢ uz vpodmienkach fariem alebo
v mliekarenskych podnikoch.
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IDENTIFICATION OF OENOLOGICAL TANNINS EXTRACTED FROM OAK
WOOoD

Jana Navojska, Silvia Wendelin, Reinhard Eder, Helena Francakova

ABSTRACT

Our study is dealing with the determination of the origin of oenological tannins using the modified OIV procedure. The
method is based on HPLC analyses of proanthocyanidol content (catechin, epicatechin, epigallocatechin, epicatechin-3-O-
gallate and epigallocatechin-3-O-gallate) after thioacidolysis - thiolytic cleavage of the flavonol intermonomer linkages in
proanthocyanidols under heat in an acid medium. The purpose of the study was to differentiate oenological tannins gained
from Quebracho cortex and tannins extracted from oak wood. As the results show, both groups of tannins do not produce

any flavan-3-ols after thioacidolysis, but they show specific peaks, which enable determination of their origin.

Keywords: oenological tannin, thioacidolysis, oak wood, Quebracho, HPLC

INTRODUCTION

Oenological tannins are presented as a group of food

additives that are extracted from different vegetable
materials and are used in winemaking practises (Vivas,
1997).
They are used to facilitate the clarification of wines and
musts. The main use of oenological tannins is to eliminate
unstable proteins and modify some organoleptic properties
in wines (colour stabilisation in red wines, astringency and
bitterness) (Lurton et al., 2002). They are used to ensure
wine palate balance and complexity. International
organization of Vine and Wine (OIV) approved the use of
enological tannins as fining agents for white wines.
However, enological tannins also serve other applications
(Bautista-Ortin et al., 2007). They can be used to inhibit
laccase in Botrytis-infected grapes (Obreque-Sliér et al.,
2009).

Tannins are primarily derived from the seeds and skin of
the fruit during winemaking. As a result, wines made with
little or no skin contact such as white and sparkling wines
have low tannin levels, while red wines that are made with
periods of skin contact ranging from a few days to several
weeks can have quite variable tannin concentrations
(Harbertson et al., 2008).

In chemical terms, tannins are relatively bulky phenol
molecules, produced by the polymerization of elementary
molecules with phenolic functions (Ribéreau-Gayon et
al., 2006). The chemical composition of tannins changes
notably with its botanical origin and the nature of the
tissues (Vivas et al., 2004). They consist of polyphenolic
fractions belonging to different chemical classes of
tannins, namely condensed tannins which are composed of
flavan-3-ol monomer subunits, such as catechin,
epicatechin and their gallates, prepared from grapes (seeds
and skins) and quebracho wood; and hydrolysable tannins,
such as gallotannins consisting of a central glucose
molecule substituted with gallic acid fraction, from exotic
wood and ellagic tannins, as gallic acid dimers, prepared
from oak and chestnut materials (Vivas, 1997; Haslam,

1998). Traditional source of hydrolysable tannins is the
oak barrels where the wine is kept during the ageing
process. Some tannin preparations are relatively pure
extracts from single species, while others are mixtures
from several species and may include both hydrolysable
and condensed tannins (Obreque-Slier et. al., 2009).

Different chemical composition of tannins leads to
differences in their chemical and biological activity, what
requires the analytical characterisation of the enological
tannins (Laghi et al., 2010). A wide spectrum of
oenological tannins is now available on the market,
classified mainly according to the oenological properties.
However, the tannins’ chemical nature is not always
clearly defined, and it is not always possible to know their
botanical origin (Obradovic et al., 2005). From an
economical and technological point of view, it is important
to know the differences among commercial tannins and to
verify the information presented by suppliers (Obreque-
Sliér et al., 2009). In this study our point of view is
identification and distinction between Quebracho and Oak
wood tannins.

MATERIAL A METHODOLOGY

Tannin samples

Firstly, tannin extractions from different oak chips
(Quercus robur, Quercus robur/petraea, Quercus alba) and
Quebracho bark (Aspidosperma quebracho blanco) were
prepared. 0,1 g of oak chips or quebracho was introduced
into 10 ml methanol. After 24 hours, solutions were
filtered and analysed using thioacidolysis and HPLC.
Thereafter 21 preparations of oenological tannins from
five suppliers available at Austrian market were analysed
and their chromatograms were compared with
chromatograms of oak wood- and quebracho extracts.
Chemicals

For our analyses we used: HPLC grade methanol
(J.T.Baker, Deventer, Netherlands), distilled water, MilliQ
water (device from TKA, Germany), formic acid (Merck,
Darmstadt, Germany), toluene -a-thiol (CAS 100-53-8)
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99 % (Sigma-Aldrich, St. Louis, USA), hydrochloric acid
(22m) 37 %  (Merck); standards:  (+)-catechin,
(-)-epicatechin (Sigma-Aldrich, USA), OF
epigallocatechin, (-)-epicatechin gallate (Extrasynthese,
Genay, France), epigallocatechin gallate (Roth, Karlsruhe,
Germany), gallic acid and ellagic acid (Sigma-Aldrich,
USA); tannin-methanol solutions with concentration
1 g.I", 10mg tannin was introduces in 10 ml methanol.
Thioacidolysis

Thioacidolysis of tannin preparations was performed
according to modified O.l.V. (2010) differentiations
method for proanthocyanidin tannins by HPLC.
Thioacidolysis is a selective acidic depolymerisation
method using a thiol as a nucleophilic agent for gaining
monomeric composition and discrimination of polymeric
proanthocyanidis. Condensed tannin is heated with
toluene-a-thiol (benzyl mercaptan), which releases the
terminal unit as a flavan-3-ol, while the extension units are
released as toluene-a-thiol derivatives (Rigaud et al.,
1991; Matthews et al., 1997; Pash et al., 2001). 1 ml
tannin-methanol solution and 1 ml thioacidolysis reagent
(470 ul toluene-a-thiol introduced into hydrochloric acid
solution - 140 pl 12M HCI in 10 ml methanol) were mixed
together in a hydrolysis tube. The mixture was stirred and
heated at 60 °C for 10 minutes. The tube was than cooled
with air. After cooling 1 ml distilled water was added.
Mixture was than analysed by HPLC.

HPLC analysis

The samples after thioacidolysis were analysed on HP
system series I 1090 AminoQuant with DAD (Hewlett
Packard, USA). Separation was performed by column
LiChrospher 100, RP-18, 250 x 4 mm, 5 pm (Merck,
Darmstadt, Germany), what was changed in comparison
with original O.1.V. (2010) method. Mobile phase we used
was also changed; instead of phosphoric acid we used 1%
formic acid in MilliQ water as solution A and 1% formic
acid in methanol as solution B. Separation was led by
40 °C in 55 minutes by following modified gradient:
concentration of B solution started at 5 %, than it was lead
from 5 % to 10 % in 14 minutes, from 10 % to 30 % in
20 minutes, from 30 % to 90 % in 6 minutes, than
10 minutes at 90 %, finally in 5 minutes returned back to
5 %, post run time was running 15 minutes. Flow rate was
constant and the same as in original method: 1 ml/min.
Samples were measured by wavelength 280 nm and
injection volume 20 pl.

RESULTS AND DISCUSSION

Before analyses of commercial tannin preparations,
standard solutions of catechin, epicatechin,
epigallocatechin, epicatechin gallate and epigallo-catechin-

’ 7 8

Fig. 1 Standard solution after thioacidolysis: 1-gallic
acid, 2-catechin, 3-epigallocatechin, 4-epigallocatechin
gallate, 5-epica-techin, 6-epicatechin gallate, 7-ellagic
acid, 8 and 10 benzyl-thioether compounds, 9-reagent
residue.

3-gallate, gallic acid and ellagic acid were analysed.
Except of standards, two more peaks (Figure 1) appeared
on chromatogram as benzyl-thioether compounds and
reagent residue, after thioacidolysis.

We could not identify each peak on samples’
chromatograms, whereas we used HPLC system without
Mass Spectrometry. In spite of this disadvantage we could
recognize the origin of tannin preparations according to
presence or absence of single peaks and overall features of
chromatogram. Some peaks are namely specific only for
definite botanical origin. Therefore the calibration of
standards was not required.

According to Vivas et al. (2004), tannins obtained from
guebracho do not contain any flavan-3-ols as it is by grape
tannins.

According to our results tannin samples acquired from
quebracho bark offered typical chromatogram (Figure 2),
without any proanthocyanidin  or  prodelphinidin
compounds but we found out another specific peak at
retention time between 38th and 39th minute.

QUEBRACHO

T T
10 20 30 40 min

Fig. 2 Chromatogram of que-bracho tannin with
specific peak.

Tannins extracted from oak wood show similar feature as
quebracho tannins, they do not contain any
proanthocyanidins as well. Difference was noticed in
presence of gallic and ellagic acid. In addition, tannins
obtained from toasted oak wood show specific double peak
at retention time 44 minutes (Figure 3). For not toasted and
medium toasted oak wood distinctive initial peak was
typical.

2
1 I
A i
3
JRIE I
) c

Fig. 3 Chromatograms of oak wood tannins, with gallic
acid (1), ellagic acid (2) peaks and typical double peak
(3) by toasted oak samples. A-not toasted oak wood, B-
oak wood medium toasted, C-oak wood heavy toasted.

We analysed 20 samples of tannin preparations available
at Austrians market (Table 1), which were marked by
supplier as oak wood tannin, quebracho tannin, mixture of
concrete tannins without marking of its origin and samples
without any information about origin or chemical
composition of tannin preparation.

According to the results - chromatograms with typical
peaks in Figure 4, we noticed, that eleven samples
(T1-T11) were obtained from not toasted oak wood,
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Tab. 1 Samples of tannins with declaration of origin, marked by suppliers.

Sample Origin (marked by supplier) Sample Origin (marked by supplier)
T1 Oak wood T11 Oak wood
T2 Oak wood T12 Oak wood medium toasted
T3 Oak wood T13 Oak wood heavy toasted
T4 - T14 Oak wood toasted
T5 - T15 Ellagic tannins + Quebracho
T6 French Oak wood T16 Quebracho
T7 Oak wood T17 Ellagic, gallic, proanthoc. tannin
T8 Limusin Oak wood T18 -

Oak wood air-dried T19 Catechinic tannin

Oak wood air-dried T20 Tropical tree + grape tannin

T2

: L
"

T3 ‘\
S I

T4

.

- ol
"

L.

T6

T

T8

9 ,\,_LJ
| -

T10

T F

.
L
e

|
L
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:

T T
"] 20 30 40 min

T13

T4

-

T15

T16

AR
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NN

T19 A

:

f . F— - e o
10 20 30 40 min

Fig. 4 Chromatograms of tannin samples. Not toasted oak tannins (T1-T11), toasted oak tannins (T12-T14), quebracho

tannins T15, T16), tannin mixture (T17-T20).

samples T12-T14 from toasted oak wood and samples
T15-T16 were extracted from quebracho wood. We
assume, that samples T17-T20 are prepared as a mixture of
quebracho and oak wood, because of presence of gallic
and ellagic acid and distinctive initial peak specific for
not-toasted oak wood. We do not agree with marking of
sample T19 as catechinic tannin, as the chromatogram of
the sample showed no peak of catechin and sample T17
and T20 as coming from grapes (proanthocianidic tannins),
as we did not identify any flavan-3-ols.

CONCLUSION

Following our results, we can confirm, that the origin of
most of tannin samples is labelled correctly. We also
determined the origin in cases where it was unknown.
Some oenological tannins are prepared from mixture of

materials with different origin. In this case, the
identification is more complicated, what requires further
research in this area.
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THE VISCOSITY OF PROCESSED CHEESE SAUCES DEPENDING ON
ADDITION TYPE AND CONCENTRATION OF 1-MONOGLYCERIDES

Zuzana Handkova, FrantiSek Burika, Eva Weiserova, Rahula Janis

ABSTRACT

The aim of this work was to study viscosity of processed cheese sauces with 1-monoglycerides (MAG) addition. Six types
of 1-monoglycerides (1-monocaprin, C10:0; 1-monolaurin, C12:0; 1-monomyristin, C14:0; 1-monopalmitin, C16:0;
1-monostearin, C18:0; 1-monoolein, C18:1) in concentration of 0.25 and 0.50% w/w were used. Control samples were
prepared without MAG but with lecithin. The lowest values of viscosity were found in control samples. The viscosity
increased with extending of chain fatty acid in the molecule of monoglycerides. The highest viscosity was found in samples

with 1-monomyristin.

Keywords: processed cheese sauce, viscosity, 1-monoglycerides

UVOD

Tavené syrové omacky patii mezi vyznamnou skupinu
vyrobkli  pouzivanych v  provozovnach  rychlého
obCerstveni, ale Ize je wvyuzit také jako soucast
téstovinovych ¢i masovych pokrmi (Guinee et al., 1994;
Childs et al, 2009). Tyto omacky miZeme
charakterizovat jako emulze typu olej ve vod¢, kde olejova
faze je stabilizovana vrstvou proteind. Pravé mozné
rozdéleni hydrofilni a lipofilni faze je nezadouci pti vyrobé
a/nebo  skladovani  syrovych omacek a  muze
diskvalifikovat tento vyrobek u spotiebitele (Mandala et
al.,, 2004; Langton et al., 1999). Z posledné jmenované
prace rovnéz vyplyva, ze stabilita emulze vyznamné
ovlivituje také reologické a texturni vlastnosti, zejména
viskozitu. Ta je obvykle povazovana =za jednu
z vyznamnych fyzikalnich vlastnosti danych vyrobkd,
mimo jiné ovliviiuyje jejich senzorickou kvalitu, a tim i
pozadavky spottebitelt (Yilmaz et al., 2011). Vysledné
parametry finalniho produktu jsou dale ovlivnény
chemickym sloZzenim, a to jak obsahem suSiny, tak i tuku
v susin€, hodnotou pH, mnozstvim tavicich soli, ale také
podminkami zpracovani, jako je taveni, teplota a rychlost
chlazeni utavené hmoty (Piska et al., 2004).

Monoacylglyceroly resp. jejich derivaty jsou pomeérné
Siroce  vyuzivany v potravindiském pramyslu jako
emulgacni Cinidla. Uplatiiuji se pfi vyrobé smésnych
emulgovanych tukli, mrazenych krémi, pekarenskych ci
masnych vyrobkd. Vlastnosti monoacylglycerolti znac¢né
zavisi na navazané mastné kyseliné (Moonen & Bas,
2004). Monoacylglyceroly miZzeme definovat jako
parcialni estery trojsytného alkoholu glycerolu, jenz maji
ve svém fetézci vazanou mastnou kyselinou. Pokud je tato
kyselina vazand na esterovou vazbu prvniho uhliku
glycerolu jednd se o 1-monoacylglyceroly (Lawson,
1995).

Cilem prace bylo sledovat zménu viskozity vzorkd
tavenych syrovych omacek v zavislosti na druhu ptidaného
1-monoacylglycerolu  (1-monokaprinylglycerol, C10:0;
1-monolaurylglycerol, C12:0; 1-monomyristylglycerol,
C14:0; 1-monopalmitylglycerol, C16:0; 1-monostearyl-
glycerol, C18:0; 1-monooleoylglycerol, C18:1) a jeho
koncentraci (0,25 a 0,50 % w/w).

MATERIAL A METODY

Tavené syrové omacky byly vyrabény v laboratornich
podminkach a jejich obsah suSiny byl 24 % w/w a obsah
tuku v susiné 40 % w/w. VSechny modelové vzorky byly
vyrabény pomoci taviciho zatizeni Vorwerk Thermomix
TM31. Hlavni surovinou byl kaseinat sodny (Natura a.s.,
Havli¢kiiv Brod, Ceska republika), pitnd voda, smésny
rostlinny polotuhy olej (Hobum, Oele und fette, Hamburg,
Germany) sprofilem mastnych kyselin v poméru
nasycené:mononenasycené:polynenasycené 21:25:54,
nativni bramborovy skrob 2 % w/w (Natura a.s.,
Havli¢kav Brod, Ceska republika), chlorid sodny 0,50 %
w/w, tavici soli 2,5 % w/w (Fosfa a.s., Bieclav, Ceska
republika) a 1-monoacylglyceroly. Pro vyrobu byla
pouzita ucelend ftada 1-monoacylglyceroli, a to
1-monokaprinylglycerol, C10:0; 1-monolaurylglycerol,
C12:0; 1-monomyristylglycerol, C14:0; 1-monopalmityl-
glycerol, C16:0; 1-monostearylglycerol, C18:0;
1-monooleoylglycerol, C18:1; o pfidavané koncentraci
0,25 a 0,50 % w/w. Tyto 1-monoacylglyceroly byly
vyrobeny dle metodiky Jani§ et al. (2000). V ptipadé
kontrolniho vzorku byl namisto 1-monoacylglyceroli
aplikovan lecitin (K; Alchimica, Praha, Ceska republika),
taktéz v koncentraci 0,25 a 0,50 % w/w. Kaseinat sodny
byl nejprve smichan s poloviénim mnozstvim pitné vody a
hydratovan po dobu 2 minut pfi teplote¢ 40 °C. Nasledné
byl pifiddn Skrob, chlorid sodny, lecitin nebo
1-monoacylglyceroly, tavici soli a nakonec byl pfidan

Volume 6

No. 2/2012



potravinarstvo

zbytek pitné vody. Poté byla smés zahiivana az na tavici
teplotu 90 °C, ktera byla udrZzovana po dobu 1 minuty.
Tavenina byla za horka plnéna do valcovych
polypropylenovych obalil (vyska 50 mm, primér 52 mm) a
uzaviena pfivafitelnych hlinikovym vickem. Ochlazeny
produkt byl déle skladovan pii 6 £ 1 °C do doby analyzy.
Kazdy vzorek byl vyroben dvakrat.

K méfeni viskozity byl pouzit rotacni viskozimetr
Brookfield DV-III Ultra se softwarem Rheocalc
(Brookfield Engineering, MA, USA). Vzorky byly pfed
méfenim temperovany 1 hod pfi teplot¢ 40 £ 1 °C,
nasledné ruéné promichany s pouzitim 1zi¢ky rychlosti
ptiblizné 160 — 200 otacek za 1 minutu (po dobu 1 minuty)
a poté nality do vytemperované geometrie (typ valec —
valec). Méfeni probihalo rovnéz pfi teplot¢ 40 £ 1 °C.
Rychlost otacejiciho se vietena byla 5-107 rad-s™. Dale
bylo provedeno stanoveni obsahu susiny gravimetricky dle
CSN EN ISO 5534. Hodnota pH byla zji§téna pomoci
vpichového pH-metru (pH Spear, Eutech Instruments,
Oakton, Malajsie).

VYSLEDKY A DISKUZE

Stanoveni obsahu susiny potvrdilo, Ze u modelovych
vzorkll bylo dosazeno pozadované suSiny. Hodnoty obsahu
susiny se u vzorka pohybovaly v rozmezi 23,95-24,24 %
(w/w). DosaZeny obsah suSiny je typicky pro tavené
syrové omacky Guinee et al. (1994). Zabezpeleni
obdobnych hodnot modelovych vzorkil je nezbytné pro
zajisténi srovnatelnosti vzorki, jelikoz by tento parametr
mohl viskozitu vzorkl podstatné ovlivnit Lee et al. (2004)
a Guinee et al. (2004). Pomoci vpichového pH-metru byly
zjistény hodnoty pH, které se pohybovaly v rozmezi
7,01-7,06. Obdobné hodnoty pro tyto vyrobky ve své praci
uvadi také Guinee et al. (1994).

Z vysledkti uvedenych v obrazku 1 Ize pozorovat zavislost
viskozity na druhu ptidavaného 1-monoacylglycerolu a
jeho koncentraci. Nejniz§i hodnoty viskozity (pfi stejné
koncentraci) byly zjistény v kontrolnich vzorcich, tedy
sobsahem lecitinu. Na této skuteCnosti se muze
promitnout vyssi hodnota HLB (ang. hydrophile-lipophile
balance, hydrofilné-lipofilni rovnovaha) lecitinu (8) oproti
monoacylglyceroliim, ktera je ptiblizné 2-5 (McClements,
2005). Stejny autor uvadi, ze pravé vyssi hodnota HLB
lecithinu nemusi zajistit pozadovaou stabilizaci emulzi, a
proto je vhodné jej kombinovat s jinymi emulgatory.
Vsechny pouzité 1-monoacylglyceroly mély za nasledek
zvySeni viskozity danych vzorkt. Navic s prodluzujicim se
fetézcem mastné kyseliny v molekule 1-monoacyl-
glycerolu se hodnota viskozity zvySovala a svého maxima
dosahla u vzorku s obsahem 1-monomyristylglycerol. Lze
zménou vlastnosti gelu, jelikoz se zvySujicim se stupném
emulgace roste také tuhost (viskozita) vzorkl. To
potvrzuje také studie autorti Buiika et al. (2007), ktefi se
zabyvali pfidavkem 1-monoacylglycerold do tavenych
syri s riznym obsahem suSiny. Viskozita tavenych
syrovych omacek po dosazeni jeji maximalni hodnoty
zacCala s dalSim pridavkem 1-monoacylglycerolii postupné
snizovat. Velmi obdobny trend vykazovaly také vzorky po
aplikaci dvojnasobné koncentrace MAG. Niz§i hodnoty
viskozity u vzorkd s obsahem 1-monoacylglycerolu se
zbytkem kyseliny olejové ve své molekule je mozné
zdivodnit pfitomnosti nenasycené vazby v molekule
kyseliny. Tato nenasycena vazba muze zapfiinit otaCivost
celé molekuly mastné kyseliny a tim snizit tvorbu vodnych
vrstev mezi jednotlivymi molekulami 1-monoacyl-
glyceroli. Pravé tyto vodné vrstvy do jisté miry mohou
viskozitu snizovat & zvySovat (McClements, 2005).
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Obr. 1 Piehled viskozity (Pas) tavenych syrovych omacéek po aplikaci 1-monoacylglycerolii o celkové koncentraci 0,25

a 0,50 % (w/w)

Oznaceni: K — kontrolni vzorek bez aplikace MAG, pouze s lecitinem; C10:0 — 1-monokaprinylglycerol; C12:0 —
1-monolaurinylglycerol; C14:0 — 1-monomyristylglycerol; C16:0 — 1-monopalmitiylglycerol; C18:0 — 1-monostearylglycerol;

C18:1 — 1-monooleoylglycerol
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Podle Moonen & Bas (2004) se emulgaéni schopnosti
monoacylglyceroli zvySuji s rostouci délkou uhlikového
fetézce mastné kyseliny esterové vazané na glycerol.
Z toho tedy vyplyva, Ze pro zvySeni emulgacni kapacity
systému je tfeba vyuzivat monoacylglyceroly s delSimi
mastnymi kyselinami. Lze také pfedpokladat, ze pfi jejich
pouziti bude zajisténa také mikroskopickd homogenita
vzorkt. Tu v§ak bude nutné do budoucna ovéfit za pomoci
mikroskopické obrazové analyzy.

ZAVER

Cilem préace bylo studovat viskozitu tavenych syrovych
omacek v zavislosti na druhu piidavanych 1-monoacyl-
glycerolt. Celkem bylo pouZito 6 druhtt 1-monoacyl-
glycerolt, a to 1-monokaprinylglycerol, 1-monolauryl-
glycerol, 1-monomyristylglycerol, 1-monopalmityl-
glycerol, 1-monostearylglycerol a 1-monooleoyl-glycerol.
Pfidavek vSech 1-monoacylglyceroli bez ohledu na
pouzitou koncentraci mél za nasledek zvyseni viskozity
vyrobkl. Nejvyssi viskozita byla zjisténa u vzorkl
s ptfidavkem  1-monoacylmyristylglycerolu. 181
hodnoty viskozity byly naméteny u kontrolniho vzorku
s lecitinem.
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CHEMICAL COMPOSITION OF MUSCLE AFTER POLLEN
APPLICATION IN NUTRITION OF BROILER CHICKENS

Peter Has¢ik, Ibranim Omer Elamin Elimam, Jozef Garlik, Miroslava Kac¢aniova, Marek Bobko,

Vladimira Kiiazovickd, Klara VavriSinovad, Henrieta ArpdSovd, Ondiej Bucko

ABSTRACT

Principle purpose of this study was to monitor the chemical composition of breast and thigh muscular part of chickens of
hybrid combination Ross 308 and to verify the differences due to use of pollen extract in feed mixture at a dose of 400 and
800 mg.kg™? during the feeding of 42 days. We did not find significant differences (P>0.05) in followed chemical
compounds of thigh muscle with the skin and subcutaneous fat between the groups with and without application of pollen
extract: in contents of water (68.49-70.12 g.100g™), protein (18.82-18.98 g.100g™), fat (9.96-11.53 g.100g™") and in energy
value (692.20-752.36 kJ.100g™). Significant differences (P<0.05) were found only in protein content of breast muscle
between the control group (23.96 g.100g™) and experimental group | (23.28 g.100g™). Values of water content
(73.97-74.32 9.100g™), fat content (1.07-1.40 g.100g™*) and energy (441.65-446.64 kJ.100g™) in breast muscle between the
evaluated groups were balanced (P>0.05). The results show that pollen extract at the concentration used in feed mixture did
not effect basic chemical composition of the most valuable parts of the chicken Ross 308 carcass and we can apply it in

their nutrition. Application at a dose of 800 mg.kg™ seems to be more positive.

Keywords: chickens, pollen extract, chemical composition, muscle

UVOD

Produkcia hydinového mésa predstavuje dolezitu
dodavku kvalitnych proteinov pre rychlo rasticu l'udska
populaciu a je taktiez aj zaujimavym zdrojom financnych
prostriedkov pre malych pol'nohospodarov v rozvojovych
krajinach (Guéye, 2009). Tvorbu vysoko kvalitnych
univerzalnych potravin podmienuje vznik komodit, ktoré
st zdrojom bielkovin, zvySuju uroven prijmov a Zivotnej
urovne obyvatel'stva, na ¢o nadvizuje aj zvySeny dopyt po
hydinovom midse a po hydinovych vyrobkoch (FAO,
2002).

Chov hydiny zohrava vyznamnu ulohu v rozvojovych
krajinach pri tzv. proteinovej priepasti, Cize v krajinach,
kde je priemernd spotreba bielkovin hlboko pod
odporu¢anym Standardom (Onyimonyi et al., 2009).
V rozvinutych  krajinach predstavuji  kurcatd jeden
z najvyuzivanejsich zivoc¢isnych druhov v chovoch, avSak
to isté neplati v rozvojovych krajinach, kde je tento druh
najméi pre pomerne vysoké naklady na krmiva chovany len
v malom pocte. Naklady na kfmne zmesi tvoria az 80 % z
celkovych nakladov a preto nie je vzdy mozné v tychto
krajinach dochovat’ kurc¢atd na zéklade poziadaviek
jednotlivych hybridnych kombinacii (Olugbemi et al.,
2010). ZvySena intenzita chovu brojlerovych kurciat
Vv ostatnych desatrociach bola podmienend hlavne vdaka
tvorbe genotypov a taktiez vyberu aktivit, ktoré umoznili
rychle tempo rastu kurciat za kratSie Casové obdobie.
Aplikovanim tejto stratégie sa dosiahol urcity stupen
uspesnosti, avSak ziného pohladu sa zvysilo ukladanie

tuku, problémy s abnormalitou a v neposlednom rade aj
metabolické ochorenia, ako je syndrom nahleho Umrtia
(Rahimi et al., 2005). Say (1987) konstatuje, ze hydinové
miso v porovnani s ostatnymi zivo¢iSnymi druhmi ma
svoje vyhody z hl'adiska rychlej navratnosti investicii a
relativne jednoduchymi postupmi riadenia s pocetnymi
odbytiskami pre vyrobky a je mu pripisovana vysoka
dietetika. Zaroven hydinové vyrobky su predovsetkym
dostupné pre ludi s niz§im prijmom. Za Gcelom zvySenia
rastovej schopnosti bola vyvinuta ako primarna metdda pre
zvySenie uzitkovosti brojlerovych kuréiat geneticka
selekcia hydiny. Av8ak mnoho §tudii ukazalo, ze tato
vol'ba moze byt zhodou okolnosti aj faktorom pre znizenie
odolnosti vo¢i chorobam atiez pre zmeny Vv imunitnej
odpovedi zvierat (Li et al., 2001; Fathi et al., 2003; Huff
et al., 2005).

Na samotnu produkciu hydiny vplyva cely rad faktorov
ajednym znich je aj nizka jednotnost v kidli
(Deceuypere et al., 2001; Meijerhof, 2006), geneticka
variabilita v materskej skladbe (Bruggman et al., 2005),
hustota osadenia (Anonymous, 2008), ale zavazna Glohu
ma vplyv aj kvalita krmiv, resp. doplnkov (Koelkebeck et
al., 1993; Hascik et al., 2011), vyskyt chordb a parazitov
(Matthijs et al., 2003) a environmentalne faktory, akymi
su teplota, technoldgia chovu, vetranie a klimatické
podmienky. Ako alternativne nahrady sa vyuZivaju vo
vyzive hydiny aj vcelie produkty (pel, propolis, resp. ich
extrakty), ktoré v konecnom désledku mézu mat tiez
pozitivny vplyv na zdravotny stav, hospodarske vyuzitie
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krmiva, nutricni a senzorick(l kvalitu produktu, ako aj
ekonomiku vyroby hydinarskeho priemyslu (Kimoto et
al.,, 1999; Prytzyk et al., 2003; Wang et al., 2004;
Shalmany a Shivazad, 2006; Seven et al., 2008; Has¢ik
et al., 2011; ai.). V¢eli alebo obndzkovy pel’ predstavuje
zakladné krmivo pre vcelstva, je pre ne zdrojom bielkovin
(Tiiylii a Sorkun, 2004) a kvoli bohatému nutriénému
zlozeniu a antioxidaénym vlastnostiam sa v sucasnosti
zacal v Sirokej miere vyuzivat' ako potravinovy doplnok
(Schmidt, 1997; Orzaez Villanueva et al., 2002; Bastos
et al., 2004; Silva et al., 2006; Marghitas et al., 2009),
pri¢om jeho kvalita vo vel'kej miere zavisi od druhového
zloZenia pelovych zin (Carrién et al., 2003, 2004; Barth
et al., 2009; De Novais et al., 2009; Modro et al., 2009).

Na zéklade vysSie uvedenych skuto¢nosti bolo cielom
experimentu  sledovat a matematicko-statisticky
vyhodnotit’ vplyv rézneho mnozstva pelového extraktu
aplikovaného do bezne vyrdbanych komerénych kimnych
zmesi na chemické zlozenie svaloviny jato¢ne
opracovaného tela kurc¢iat Ross 308.

MATERIAL A METODY
Experiment bol realizovany v testovacej stanici hydiny
SPU v Nitre na brojlerovych kurcatach hybridnej

jednodnovych kurciat a ndsledne boli vytvorené 3 skupiny
zvierat: kontrolna (C) adve pokusné (I, II) po 90 ks
kur¢iat. Vlastny vykrm trval 42 dni. Kurcatd boli
v experimente kimené syst¢émom ad libitum rovnakou
Startérovou kfmnou zmesou (HYD-01 - sypka Struktura)
do 21. dna veku a od 22. dna do 42. dna rastovou kifmnou
zmesou (HYD-02 -sypka s$truktara). Skrmované kimne
zmesi  HYD-01 aHYD-02 boli vyrobené bez
antibiotickych  preparatov  a kokcidiostatik. ~ Vyzivna
hodnota podavanych kifmnych zmesi (tabulka 1) pocas
experimentu bola rovnaka v jednotlivych skupinach, ale
pokusnym skupindm bol navySe do kifmnych zmesi
HYD-01 a HYD-02 pridavany extrakt obndzkového pel'u
v davke 400 mg (I) a 800 mg (II) na 1 kg.

Pelovy extrakt bol pripraveny zrozomletého pelu
(Slovenska republika), ktory bol nasledne zmieSany s
80 %-nym etanolom (Krell, 1996). Extrakcia roztoku pel'u
prebiehala vo vodnom kupeli pri 80 °C pod spitnym
chladicom po dobu 1 hodiny. Zmes bola po extrakcii
a ochladeni centrifugovana. Ziskany supernatant bol
odpareny na rota¢nej vakuovej odparke pri teplote kiipel'a
40-50 °C a nasledne odvazeny. Odparok v mnoZstve 40 g
a 80 g bol rozpusteny v 1000 cm? etanolu o koncentrécii
80 % a aplikovany do 100 kg prislusnej kimnej zmesi.

TabulPka 1 ZloZenie skrmovanych kimnych zmesi pocas experimentu

Komponenty (%) Startérova kfmna zmes Rastova kfmna zmes
(od 1 do 21 dni veku) (od 22 do 42 dna veku)

PSenica 35,00 35,00
Kukurica 35,00 40,00
Sojovy extrahovany Srot 21,30 18,70
(48 % NLY)
Rybia mucka (71 % NLY) 3,80 2,00
SuSena krv 1,25 1,25
Mlety vapenec 1,00 1,05
Monokalciumfosfat 1,00 0,70
Kifmna sol’ 0,10 0,15
Hydrogénuhli¢itan sédny 0,15 0,20
Lyzin 0,05 0,07
Metionin 0,15 0,22
Palmojadrovy tuk Bergafat 0,70 0,16
Premix Euromix BR 0,5 %7 0,50 0,50
Analyza zloZenia kimnej zmesi (g.kg™)
Dusikaté latky 210,76 190,42
Vlaknina 30,19 29,93
Popol 24,24 19,94
Ca 8,16 7,28
P 6,76 571
Mg 1,41 1,36
Kyselina linolova 13,51 14,19
MEy (MJ.kg™) 12,02 12,03

kalkulovana hodnota

"NL — dusikaté latky; “ obsah uginnych latok v 1 kg premixu: vitamin A 2 500 000 m.j.; vitamin E 50 000 mg; vitamin
D3 800 000 m.j.; kyselina nikotinova 12 000 mg; pantoténan vapenaty 3 000 mg; vitamin B, 1 800 mg; vitamin B 1
200 mg; vitamin B; 600 mg; vitamin K3 800 mg; vitamin C 50 000 mg; kyselina listova 400 mg; biotin 40 mg; vitamin
B1, 10.0 mg; cholin 100 000 mg; betain 50 000 mg; Mn 20 000 mg; Zn 16 000 mg; Fe 14 000 mg; Cu 2 400 mg; Co 80

mg; 1 200 mg; Se 50 mg
kombinéacie Ross 308. Do pokusu bolo zaradenych 270 ks
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Na konci vykrmu (42. den) bolo zkazdej skupiny
experimentu vybratych po 60 ks kur¢iat na jatocny rozbor
(30 ks @ a30 ks &). Na vyhodnotenie chemického
zloZzenia sme odobrali prsna svalovinu (musculus
pectoralis major) bez koZe a stehennti svalovinu (musculus
biceps femoris) skozou a podkoznym tukom z kaZdej
skupiny experimentu. Chemické zlozenie misa bolo
hodnotené pristrojom INFRATEC 1265 (NSR), kde sme
sledovali obsah vody, tuku a bielkovin v g.100 g™
Energetick(i hodnotu v kJ.100 g sme zistovali vypo&tom
cez prepocitavacie koeficienty na obsah tuku a bielkovin
(Strmiska et al., 1988).

Zo ziskanych udajov sme Statistickym programom
Statgraphics Plus version 5.1 (AV Trading, Umex,
Dresden, Germany) vypocitali zakladné variacno-
Statistické hodnoty (aritmeticky priemer, smerodajna
odchylka) a na urCenie preukaznosti rozdielov medzi
skupinami sme pouzili analyzu variancii s naslednym
Scheffeho testom.

VYSLEDKY A DISKUSIA

Hodnoty chemického zlozenia prsnej svaloviny bez koze
a stehennej svaloviny skozou apodkoznym tukom
U hybridnej kombinacie Ross 308 bez (kontrolna skupina)
a po aplikacii pelového extraktu (pokusné skupiny I, II)

v kimnej zmesi HYD-01 a HYD-02 je zobrazené v tabul'ke
2.

Z vysledkov experimentu vyplyva, ze obsah suSiny bol v
prsnej svalovine 26,03 .100 g™ (kontrolna skupina),
25,68 9.100 g (pokusna skupina I) a 25,99 g.100 g*
(pokusna skupina II) s rozdielom $tatisticky nepreukaznym
medzi skupinami (P>0,05). Vysledky obsahu susiny prsne;j
svaloviny kurciat Ross 308 st porovnatelné s vysledkami
Simeonovova (1999), Suchy et al. (2002), Has¢ik et al.
(2011), ktori zistili obsah susiny v prsnej svalovine kurciat
roznych hybridnych kombinacii na urovni 25,36 az
26,19 g.100 g*. Nizs§i obsah susiny zistili v prsnej
svalovine Wattanachant et al. (2004), Sevéikova et al.
(2008), resp. Skfivan et al. (2010) a naopak vyssi zistili
Has¢ik et al. (2005a), ktorych hodnoty boli od 24,35 do
24,64 9.100 g™ V stehennej svalovine s kozou
a podkoznym tukom bola sugina 31,51 g.100 g™ (kontrolna
skupina), 30,21 ¢.100 g* (pokusni skupina I) a
29,88 ¢.100 g* (pokusnd skupina II), taktiez bez
vyznamnych rozdielov medzi skupinami (P>0,05).
ZvySeny obsah suSiny, resp. znizeny obsah vody Vv
stehennej svalovine oproti prsnej potvrdzuju aj zavery
Xiong et al. (1993), Al Sultan (2003), Latshaw a Moritz
(2009), resp. Has¢ik et al. (2009a,b, 2011). Naopak
zvySeny obsah vody oproti stehennej svalovine deklaruju

Tabul’ka 2 Chemické zloZenie prsnej svaloviny a stehennej Casti kuréiat Ross 308

pt %
Ukazovatel’
X 6 s’ X 6 s’
K3 73,97 0,579 68,49 2,532
C(’gsl""gov;?;’ 14 74.32 0,382 69.79 1,320
" 74,01 0,468 70,12 1,783
K3 23,96a 0,604 18,98 0,713
Obﬁghlgaegf?)““ 14 23.,28b 0,492 18,82 0,278
1n° 23,65ab 0,562 18,92 0,339
K3 1,07 0,437 11,53 3,090
(()gbslaorz)t;_'i;‘ 14 1.40 0,271 10,39 1,383
1" 1,34 0,195 9,96 1,944
K3 441,65 15,323 752,36 106,750
Energeticka
hodnota 1* 442,70 8,078 717,60 56,742
(kJ.100 g™
1" 446,64 7,586 692,20 70,354

Pozn.: Priemerné hodnoty v tom istom stlpci a ukazovateli, pri ktorych nasleduju rézne pismena su preukazné pri
P<0,05; ' P — prsna svalovina; S —stehenna svalovina s kozou a podkoznym tukom; *K = kontrolna skupina; “I = prva
experimentélna skupina; ° Il = druha experimentélna skupina; ® X = aritmeticky priemer; ' s = smerodajna odchylka;

Volume 6

28

No. 2/2012



potravinarstvo

Wattanachant et al. (2004) a Sev¢ikova et al. (2006), ale
vyS8i v stehennej Casti ako v preverovanom experimente
zistili Suchy et al. (2002), Kim et al. (2009) a Has¢ik et
al. (2009b).

Vyznamny rozdiel v obsahu bielkovin (P<0,05) bol
v prsnej svalovine zisteny medzi kontrolnou a I. pokusnou
skupinou. Obsah bielkovin bol 23,96 g.100 g™ (kontrolna
skupina), 23,28 ¢.100 gt (pokusnd skupina I) a 23,
659.100 gt (pokusna skupina II), o je v stlade
s odporu¢eniami MatuSovicovej (1986), ktord pozaduje
ich obsah v priemere na trovni 23 %. Obsah bielkovin
v prsnej svalovine je v stlade so zisteniami Berri et al.
(2001), Garlik et al. (2011) a Has¢ik et al. (2011), ktori
zistili ich obsah od 23,45 do 23,93 ¢.100 g*, nizi
v porovnani s Baeza et al. (2000), Ivanko et al. (2011),
resp. vyssi ako deklaruj Al Sultan (2003) a Kim et al.
(2009).

V stehennej Casti sa potvrdil zniZzeny obsah bielkovin
oproti prsnej svalovine, ale  bez vyznamnych rozdielov
(P>0,05) medzi skupinami experimentu. Obsah bielkovin
v stehennej &asti bol 1898 g.100 g* (kontrolna
skupina), 18,82 .100 g* (pokusna skupina I) a
18,92 9.100 g* (pokusna skupina II), ¢o je v silade so
zisteniami Simeonovova (1999), resp. Has¢ik et al. (2005,
2011), ale mierne nizSie v porovnani s hodnotami
Wattanachant et al. (2004), Kim et al. (2009), resp.
Garlik et al. (2011).

Mnozstvo tuku vmise hydiny je ovplyviiované
genetickou determinaciou, ale hlavne vyzivou z hl'adiska
prijmu metabolizovatel'nej energie (Hood, 1984; Fisher et
al., 1990; Kralik et al., 1999), ¢o v kone¢nom doésledku
moZe rozhodovat’ aj o senzorickej, resp. dietetickej kvalite
misa (Ochrimenko et al., 1997; Suchy et al., 2002;
Has¢ik et al., 2005). Obsah tuku bol v prsnej svalovine
1,07 9.100 g™ (kontrolna skupina), mierne vyssi (P>0,05)
v pokusnej skupine Il (1,34 g.100 g™) a najvyssi (P>0,05)
v pokusnej skupine | (1,40 g.100 g), ¢o sa hodnoty
porovnatelné s vysledkami Sevéikova (2006), Garlik
et al. (2011), Has¢ik et al. (2011), ktori zistili jeho obsah
na Grovni 1,12 az 1,50 g.100 g*, resp. nizsie ako
konstatuju Suchy et al. (2002), Has¢ik et al. (2009b),
ktorych hodnoty boli od 1,69 az 2,73 g.100 g* a vyssie
v porovnani s lvanko et al. (2011) s obsahom tuku od
0,40 do 0,59 g.100 g™*.

V stehennej casti bol obsahu tuku na urovni 11,53 g.
100 g* (kontrolnd skupina), 10,39 ¢.100 g™ (pokusna
skupina 1) 29,96 g.100 g* (pokusna skupina II), bez
vyznamnych rozdielov (P>0,05) medzi skupinami, ¢o je
porovnatelné s vysledkami Has¢ik et al. (2011), vyssie
oproti hodnotam Garlik et al. (2011), Suchy et al. (2002)
a niz8ie ako zistili Ha$¢ik et al. (2009b) a Latshaw a
Moritz (2009).

Energetickd hodnota svaloviny, ktord je v zéasade
ovplyvnena obsahom tuku a bielkovin (Has¢ik et al.,
2011) bola vprsnej svalovine kuréiat Ross 308
441,65 kJ.100 g™ (kontrolna skupina), 442,70 kJ.100 g™
(pokusna skupina I) a 446,64 kJ.100 g™ (pokusna skupina
I), snepreukaznymi S§tatistickymi rozdielmi (P>0,05)
medzi  skupinami  experimentu aje porovnatelna
s hodnotami dosiahnutymi Barteczko a Lasek (2008),
Has¢ik et al. (2009a,b, 2011) a Garlik et al. (2011), nizsia
ako zistili Sev¢ikova et al. (2006, 2008) avyssia v

porovnani s vysledkami Suchy et al. (2002) a
Wattanachant et al. (2004).

Energetickd hodnota v 100 g stehennej casti podobne ako
Vv prsnej svalovine bola najvy$Sia v kontrolnej skupine
(752,36 kJ.100 g ), mierne nizdia (P>0,05) v pokusnej
skupine | (717,60 kJ.100 g') anajnizsia (P>0,05)
v pokusnej skupine Il (692,20 kJ.100 g™). Dosiahnuté
vysledky st porovnatel'né s hodnotami, ktoré zistili Has$¢ik
et al. (2011), ale vy$sie ako deklaruju vo svojich
experimentoch Xiong et al. (1993), Suchy et al. (2002),
Sevéikova et al. (2006), Garlik et al. (2011) a Ivanko

etal. (2011).

ZAVER

V experimente sme sledovali a $tatisticky vyhodnotili
vplyv extraktu obndzkového pel'u aplikovaného v kimnych
zmesiach kuréiat Ross 308 v davke 400 a 800 mg.kg™ na
chemické zlozenie prsnej svaloviny a stehennej svaloviny
skozou a podkoznym tukom. Na zdklade vysledkov
experimentu sme nezistili Statisticky preukazné rozdiely
(P>0,05) v chemickom zlozeni prsnej svaloviny
a stehennej casti bez apo aplikacii pelového extraktu
vo vyzive kuréiat. Vyznamny rozdiel (P<0,05) sme zistili
v prsnej svalovine v obsahu bielkovin medzi kontrolnou
a pokusnou skupinou I, ale dosiahnutd hodnota 23,28 g
bielkovin v skupine s pridavkom pelového extraktu
vmnozstve 400 mgkg' kimnej zmesi je v stlade
s poziadavkou pre tato hybridnii kombinaciu kuréiat, kde
sa vo vSeobecnosti pozaduje obsah bielkovin v prsnej
svalovine na trovni 23 %. Vysledky ako aj literarne zdroje
potvrdzuju, ze pelovy extrakt vo vyzive hydiny ma svoje
opodstatnenie za ucelom mozného zvySenia jej uzitkovosti
ale len ako pridavok v preverovanom mnozstve a V zasade
neovplyviiuje zéakladné chemické zlozenie najcennejSich
Casti jatocného tela kurciat Ross 308, pricom ako
pozitivnejsia sa javi jeho aplikacia v mnozstve 800 mg.kg™
kfmnej zmesi.
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EFFECT OF CHICKPEA AND PEA FLOUR ADDITION ON THE QUALITATIVE
AND SENSORY PARAMETERS OF BAKERY PRODUCTS

Michal Magala, Zlatica Kohajdova, Jolana Karovicova, Veronika Kuchtova

ABSTRACT

The purpose of this study was to determine chemical composition and functional properties of legume flours (chickpea, pea)
and fine wheat flour. The effect of chickpea and pea flour incorporation at different levels (10, 20, 30 % w/w) on the
qualitative parameters and sensory characteristics of bakery product was also investigated. It can be concluded, that
incorporation of leguminous flours led to changes of the investigated qualitative and sensory parameters, especially in
samples with higher amount of leguminous flour (20 and 30 %). Results showed, that a proper alternative to standard
bakery products are products with 10 % portion of leguminous flour.

Keywords: chickpea, pea, bakery products, qualitative parameters, sensory properties

UVOD

Strukoviny ako hrach, cicer, fazula a S$oSovica st
dolezitymi zdrojmi bielkovin v potrave najmid pri
nedostatocnom prijme Zivocisnych bielkovin. Strukoviny
sa vyznacuju vysokym obsahom lyzinu, leucinu, argininu,
kyseliny asparagovej a kyseliny glutamovovej ¢o
v kombinacii s cerealiami, ktoré maji vysoky obsah
sirnych aminokyselin a tryptofanu umoziuje vytvorit
vyvazeny prijem aminokyselin (Boye et al., 2010;
Christou, 1997).

Okrem obsahu réznych vyzivovych zloziek (bielkoviny,
vitaminy, mineralne latky) vykazuji strukoviny aj dobré
funkéné vlastnosti. K najvyznamnejsim funkénym
vlastnostiam  strukovin patri: schopnost’ viazat a
zadrziavat’ vodu, schopnost viazat' a zadrziavat tuk,
emulgaéné vlastnosti, zahustovanie a penotvorna
schopnost’ (Boye et al., 2010).

V sucasnosti sa mnohé vyskumy zaoberaji moznost'ami
nahrady Casti pSeni¢nej muky cicerovou alebo hrachovou
mukou vreceptirach rdéznych ceredlnych vyrobkov
(Tiwari et al., 2011; Zucco et al., 2011; Hatzikamari et
al., 2007; Coda et al., 2010; Marco a Rosell, 2008;
Mariotti et al., 2009; Han et al., 2010). Cielom prace
bolo stanovit chemické zlozenie a funkéné vlastnosti
pSenicnej, cicerovej a hrachovej muky. Nasledne bolo
pripravené¢ pecivo nahradenim casti pSenicnej muky
cicerovou resp. hrachovou mukou s koncentraciou 10, 20 a
30 hmot. %. Nésledne bol zhodnoteny vplyv inkorporacie
strukovinovych muk z hladiska zmien kvalitativnych a
senzorickych parametrov finalnych produktov.

MATERIAL A METODY

Na vyrobu pSeni¢no-cicerového a pSeni¢no-hrachového
peciva boli pouzité nasledovné suroviny: pSeni¢nd muka
hladka Special 00 extra (Penam, Nitra), celozrnna hrachova
muka (Kroner Bratislava), instantna cicerovd muka (Natu-

ral, Jihlava na Doleh), kuchynska sol’ (Solné mlyny a.s.,
Olomouc), slnecnicovy olej (Clever, Bratislava), krystalo-
vy cukor (Povazsky cukor, Trencianska Tepla), pekarske
drozdie (Lesaffre a.s, Trnava).

V pouzitych mukach bol stanoveny obsah vlhkosti,
Skrobu (Simsek et al., 2009), bielkovin podla Kjeldala
prepoc¢tom z obsahu celkového dusika pomocou faktora
(pSenica 5,70, strukoviny 6,25), tuky podla Soxhleta a
hodnota pH merana pristrojom InoLab pH Level 2 (WTW
Weilheim, Nemecko) (Ibanoglu et al, 1999).
Z funkénych vlastnosti muk bola stanovend schopnost
viazat a zadrziavat vodu, napuciavacia schopnost’
(Raghavendra et al., 2004), schopnost’ vytvorit’ emulziu a
penotvorna schopnost’ (Siddiq et al., 2010).

Standardné p3eni¢né pecivo bolo pripravené receptirou a
postupom podl'a autorov Kohajdova a Karovicova (2007).
Pecivo s podielom stukovinovych muk bolo vyrobené
nahradenim cCasti pSeniCnej muky cicerovou resp.
hrachovou mukou s hmotnostnou koncentraciou 10, 20 a
30 %. Nasledne sme analyzovali kvalitativne parametre
(objem, merny objem, vyska a Sirka po peceni, klenutost’,
straty pecCenim) a senzorické vlastnosti peciva (tvar
vyrobku, farba a hribka/tvrdost’, voiu a chut’ korky; vona,
pruznost’, porovitost, farba, chut, tvrdost a lepivost
striedky) pomocou hedonickej stupnice v rozsahu 0
(ziaden senzoricky wvnem) az 4 (velmi intenzivny
senzoricky vnem) a celkovi chutnost pomocou
Struktirovanej tsec¢ky v rozsahu 0 — 100 %.

VYSLEDKY A DISKUSIA

Zvysenie vyzivovej hodnoty potravin je sucastou trendu
zdravého zivotného Stylu a narastajucich narokov
spotrebitel'ského vyberu. V praci sme sa zamerali na
sledovanie vplyvu pridavku cicerovej a hrachovej muky na
kvalitativne a senzorické parametre peciva. V tabulke 1 je
uvedené chemické zlozenie pouzitych muk.
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Tabul’ka 1 Chemické zloZzenie muk

Vlhkost’ Skrob Bielkoviny Tuky

Vzorka [%] [%] [%] [%] PH
pSeni¢na hladkd muka 14,16+0,02 75,00+0,66 10,07+0,24 1,54+0,03 5,41+0,07
cicerova instantnd muka 11,16+£0,11 47,83+0,71 20,64-+0,39 5,95+0,10 6,23+0,01
hrachova celozrnna muka 7,96+0,05 53,70+0,30 20,94+0,51 1,12+0,05 6,29+0,06

TabuPka 2 Funkcéné vilastnosti mik
vzorka SV¥ SZY NS3 3SVE , 5 PS ,
[9.97] [9.97] [cm’] [cm®/100 cm’] | [cm®/100 cm’]

pSeni¢na hladkd muka 3,20+0,04 0,76+0,02 2,05+0,05 *N 10,00+0,05
cicerova instantnd muka 5,00+0,12 2,37+0,09 3,30+0,23 45,00+0,26 14,00+0,18
hrachova instantna muka 3,90+0,03 1,41+0,04 3,30+0,26 12,78+0,78 20,00+0,28

SVV-schopnost’ viazat’ vodu, SZV-schopnost’ zadrziavat’ vodu, NS-napuciavacia schopnost’, SVE-schop-
nost’ vytvorit’ emulziu, PS-penotvorna schopnost’, *N-emulzia sa nevytvorila

Z nameranych udajov je zrejmé, ze strukovinové muky
obsahuji menej Skrobu ako muka pSeni¢na. Obsah
bielkovin v strukovinovych mukach presiahol dvojnasobok
mnozstva v pSeniCnej muke. Analyza obsahu tuku
poukazala na porovnatelné mnozstvd v pSeninej a Vv
hrachovej muke, zatial' co vyrazne vys$si obsah tuku bol
stanoveny v cicerovej muke.

V tabulke 2 st uvedené funkéné vlastnosti muk.
Funkéné vlastnosti ovplyviiuji  Struktiru  potravin,
organoleptické vlastnosti a su dolezité pri vyrobe mnohych
potravinarskych produktoch. Schopnost viazat vodu
(SVV) mozno definovat’ ako mnozstvo vody, ktoré méze
absorbovat’ gram latky. Schopnost’ zadrziavat’ vodu (SZV)
uzko suvisi s SVV s tym rozdielom, Ze voda nie je latkou

Tabul’ka 3 Kvalitativne parametre peciva

viazana akymkol'vek druhom vizby (Boye et al., 2010).
Zo ziskanych tdajov mozno konstatovat’, Ze strukovinové
muky vykazuji vacsiu schopnost’ viazat’ a zadrziavat’ vodu
ako muka pSeni¢na. Napuciavacia schopnost’ (NS) sa
zvySuje so zmenSovanim rozmerov jednotlivych castic
(Raghavendra et al., 2004). Strukoviny vykazovali vyss§iu
napuciavaciu schopnost’ ako pSenicnd muka. Vzorka
pSeni¢nej muky nemala schopnost’ vytvorit emulziu
(SVE). Schopnost’ tvorby emulzie cicerovej muky bola o
32,22 cm3/100 cm® vyssia ako v pripade hrachovej muky.
Penotvorna schopnost’ (PS) ovplyviiuje obsah bielkovin vo
vzorke (Boye et al.,, 2010). Vsetky muky vykazovali
penotvorni schopnost, priCom najvyraznejsiu vykazovala
muka hrachovéa (20,00 + 0,28 cm*/100 cm®).

. Objem Merny objem Vyska Sirka , Strat
Vzorka peciva Ic rjn 3] [Cms?lloojg _1] [)(;m] [cm] Klenutost peéenimy[% !
Standard 300,00+5,00 348,00+5,81 5,61+0,08 9,58+0,13 0,59+0,02 13,70+0,36
cicer 10 % 281,67+2,89 315,33+3,99 5,09+0,06 9,54+0,11 0,52+0,01 10,67+0,25
cicer 20 % 218,33+7,64 | 245,20+3,10 4,34+0,08 9,75+0,10 0,44+0,02 10,97+0,38
cicer 30 % 178,33+2,89 204,67+2,83 3,75+0,18 9,68+0,04 0,39+0,02 12,87+0,21
hrach 10% 255,00+5,00 292.67+6,23 4,57+0,12 9,9140,08 0,46+0,01 12,93+£0,15
hrach 20% 183,33+2,89 222.53+£2.23 3,15+0,14 9,99+0,14 0,30+0,01 13,13£0,51
hrach 30% 168,33+5,77 198,10+5,72 2,98+0,08 9,68+0,04 0,2740,01 13,64+0,47
Tabul’ka 4 Senzorické hodnotenie peciva
Senzoricky parameter Standard Cicer Cicer Cicer Hrach Hrach Hrach
10 % 20 % 30 % 10 % 20 % 30 %
Tvar vyrobku 4,0+0,0 3,620,2 3,0+0,1 1,9+0,1 3,3+0,1 2,040, 1 0,8+0,0
. | Farba 4,0+0,1 3,4+0,1 2,0+0,0 2,0+0,1 2,8+0,0 2,440, 1 1,5+0,1
% | Hrabka/Tvrdost’ 4,0+0,0 3,7£0,2 3,6+0,2 2,0£0,1 3,3+0,1 2,240,0 1,3+0,0
g | Voiia 4,0+0,0 3,7+0,2 3,5+0,1 2,5+0,1 3,6+0,0 3,0£0,0 2,8+0,1
Chut’ 4,0+0,0 3,8+0,0 3,6+0,1 2,620,1 3,4+0,1 3,0+0,1 2,4+0,0
Voia 4,0+0,0 3,7£0,2 3,4+0,0 3,0+0,0 3,6+0,0 3,240,3 2,7+0,1
PruZnost’ 4,0+0,0 3,840,3 3,0£0,1 2,6%0,1 3,6+0,1 2,340, 1 1,9+0,0
g Porovitost’ 3,9+0,1 3,1£0,2 2,5+0,1 2,0£0,0 3,7+0,0 3,5+0,0 3,1£0,2
2 | Farba 4,0+0,0 3,6£0,3 3,0+0,1 2,5+0,1 3,6+0,2 2,9+0,1 2,1+0,0
g,b) Chut’ 4,0+0,0 3,7+0,2 3,5+0,3 3,0+0,0 3,6+0,1 3,1+0,2 2,0+0,0
Tvrdost’ 3,9+0,1 3,6+0,2 3,3+0,2 2,4+0,1 3,8+0,0 2,2+0,1 1,7+0,0
Lepivost’ 4,0+0,1 3,5+0,1 3,5+0,1 3,3+0,2 3,8+0,0 3,2+0,2 3,0+0,1
Celkova chutnost’ [%] 99,8+0,2 95,4+0,6 81,3+1,1 71,1+1,0 94,0+0,2 69,3+0,9 57,5+0,7
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Analyzou kvalitativnych znakov pripraveného peciva
(tabul’ka 3) bolo zistené, ze zvySovanie podielu
strukovinovej muky viedlo k poklesu objemu, vysky, Sirky
a klenutosti peiva. Pozitivne vysledky sa dosiahli
zniZenim strat pedenim, priCom pecivo s podielom 10 %
cicerovej muky dosiahlo az o 3 % niZSie straty v porovnani
so Standardom, ¢o je vyhodné z hladiska hospodarnosti
procesu pecenia.

V tabulke 4 st uvedené vysledky senzorickej analyzy
jednotlivych vzoriek peciva. Pre vSetky sledované
senzorické znaky doSlo so zvySovanim podielu
strukovinove] muky k znizeniu bodového hodnotenia
deskriptorov,  pricom  najvyraznejSi  pokles  bol
zaznamenany u  vzoriek s vyS§im  zastipenim
strukovinovych muk (20 a 30 %). Preto je na ziklade
senzorického hodnotenia prijatelné peéivo s podielom
10 % strukovinovej - cicerovej muky.

ZAVER

Strukoviny maju dobré vyzivové a funkéné vlastnosti,
preto st vhodné k zacleneniu do receptury peciva. Bolo
zistené, ze strukovinové muky obsahovali viac ako
dvojnasobné mnozstvo bielkovin v porovnani s pSeni¢nou
mukou. Strukovinové muky sa okrem toho vyznacovali
vysSou schopnostou tvorby emulzie a peny. Zo
senzorického  hladiska  bolo  pre  konzumenta
najprijatel'nejSie pecivo s 10 percentnym podielom
cicerovej muky.
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ANALYSIS OF CAROTENOIDS AND LYCOPENE IN TOMATO (LYCOPERSICON
ESCULENTUM MILL.) AND THEIR RETENTION IN TOMATO JUICE

Andrea Mendelova, Alena Andrejiova, Miriam LiSkova, Dagmar Kozelova, Jan Marecek

ABSTRACT

In this work we investigated the effect of variety and processing on the content of carotenoids and lycopene in fruits and
Tomato juice from the fruit after heat treatment. The experiment included four varieties are edible tomato for industrial
processing (Bab, Ziara PK, Sampion and Roti PK). The concentration of total carotenoids and lycopene were determined
spectrophotometrically on UV-VIS spectrophotometer Jenway at a wavelength of 445 and 472 nm. The highest average
content of carotenoids in fruits were recorded at a variety Roti PK (7.0 mg/100 g™) and lowest in variety Béab
(4.8 mg/100 g). Heat treatment had a statistically significant positive effect on the lycopene content, changes in carotenoid
content were not significant. Effect of genotype (variety) for the content of the endpoint was significantly important.

Keywords: tomato, carotenoids, lycopene, spektrofotometry

UVoD

Karotenoidy su znacne rozsirené zlIté, oranzové, cervené
aojedinele izltozelené pigmenty rastlin, hib, rias,
mikroorganizmov a zivoéichov. Dnes je znamych priblizne
700 prirodzene sa vyskytujucich karotenoidnych
pigmentov (VeliSek, 2002). V rastlinnych bunkach
vznikaju po nadmernej absorbcii slneéného Ziarenia
chlorofylom v chloroplastoch, ktoré sa nasledne zmenia na
chromoplasty (Nyiogi, 1999; Johnson 2002). Lykopén je
charakterizovany ako zakladny karotenoid, od ktorého boli
odvodené vsetky ostatné karotenoidy (Telef et al., 2006).
Rajciaky a rajciakové produkty su hlavnym zdrojom nielen
lykopénu ale st povazované aj za hlavny zdroj vsetkych
karotenoidov v l'udskej potrave (Rao, 1999; Shi, 2000).
Rajciaky su na 80% konzumované vo forme vyrobkov ako
je Stava, pretlak, kecup, pasta, pyré alebo omacky, preto
sledovanie ich retencie ma velky vyznam (Gartne et al.,
1997, Shi et al, 1999). V prirode sa lykopén vyskytuje
v all- trans forme a do poly-cis formy je izomerizovany
vplyv tepla, svetla a chemickych ¢inidiel. Cis izoméry su
lepsie rozpustné v tukoch a organickych rozpustadlach ako
formy trans, apreto je aj ich vyuzitelnost v l'udskom
organizme lepsia (Wang et al., 2006). Lykopénu chyba
aktivita provitaminuA z dovodu nepritomnosti B-ionového
kruhu, ale inaprick tomu je to vyznamny a najsilnejsi

antioxidant vyskytujuci sa v prirode (Shi, 2000).
Konjugované dvojit¢ vizby davaju lykopénu silnu
antioxidaénu  aktivitu, vratane schopnosti  zhasat

singletovy kyslik a peroxylové radikaly. Aktivita zhasat
karotenoidov vratene B-karoténu (Takeoka et al., 2001).
Uvadza sa, Ze lykopen je schopny inaktivovat
hydrogenperoxylovy a dusitanovy radikal. Lykopén je
takmer dvakrat aktivnejs$i nez B-karotén v ochrane bielych
krviniek pred NO? radikalom (Shi, 1999).

Cielom prace bolo analyzovat obsah celkovych
karotenoidov a lykopénu v roznych odrodach raj¢iaka

jedlého atieZ sledovat’ retenciu azmeny Vv obsahu po
tepelnom spracovani na raj¢iakovia §tavu.

MATERIAL A METODY

Do pokusu sme vybrali Styri odrody raj¢iaka vhodné na
priemyselné spracovanie (Bab, Ziara PK, Sampion, Roti
PK). Hodnotenie sme vykonavali v dvoch vegeta¢nych
obdobiach (2009 a 2010). Plody sme zberali v plnej
technologickej zrelosti, dostato¢ne vyfarbené. Plody sme
analyzovali v ¢erstvom stave a vo forme raj¢iakovej §tavy.
Priprava §tavy pozostavala z dokladného podrtenia
plodov. Drt’ tvorenu z duziny i Supiek plodov sme vystavili
ucinku teploty 95 °C po dobu 5 mintit. Nasledne sme zmes
prepasirovali a schladili na teplotu 25 °C. Koncentraciu
celkovych karotenoidov alykopénu sme stanovili
spektrofotometricky. Ako rozpustadlo sme pouzili aceton.
Farbiva sa po rozpusteni extrahovali do petroléteru.
Vlastné stanovenie obsahu karotenoidov a lykopénu sa
uskutocnilo meranim absorbancie zloziek
Vv petroléterovom extrakte na spektrofotometri JENWAY
pri vinovej dizke 445 a 472 nm. Ziskané vysledky sme
matematicko-$tatisticky vyhodnotili.

VYSLEDKY A DISKUSIA

Priemerné hodnoty obsah karotenoidov za oba sledované
roéniky sa V jednotlivych odrodach pohybovali v rozsahu
od 4,8 mg.100 g™ v odrode Bab 7,00 mg.100 g™ v odrode
Roti PK Vzijjomnym testovanim rozdielov medzi
odrodami sme zistili Statisticky preukazné rozdiely
v obsahu karotenoidov medzi vSetkymi odrodami
vzajomne. Obsah karotenoidov v testovanych odrodach
klesal v poradi Roti PK > Sampion > Ziara PK > Béb. Ako
uvadza ValSikova (2009) na nutriéné zlozenie plodov
rajciaka ma vplyv genotyp, t.j. pestovana odroda, stupen
zrelosti plodov, termin zberu ako aj pestovatel'ské
podmienky.
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Tab. 1 Priemerné hodnoty obsahu karotenoidov a
homogénne skupiny z LSD testu v cerstvych plodoch
rajciaka jedlého

Tab. 3 Priemerné hodnoty obsahu karotenoidov a
homogénne skupiny z LSD testu v §t’ave z rajCiaka jedlého

karotenoidy — homogénne

karotenoidy = homogénne

Odroda  (mg.100g™")  skupiny* +95% -95 %
Béb 5,18 a 508 528
Ziara PK 5,32 b 5,22 5,42
Roti 6,54 c 6,44 6,64
Sampion 7,25 d 7,15 7,35

Odroda (mg.100 g% skupiny*  +95% -95%
Béb 4,81 a 4,74 4,88
Ziara

PK 513 b 506 520
Sampion 5,85 c 5,77 5,92
Roti PK 7,00 d 6,93 7,07

N=4; 0=0,01; *a,b,c,d - priemery oznaCené rovnakymi
pismenami nie su Statisticky vyznamne rozdielne p>0,05

Statistickym hodnotenim sa ndm preukazne potvrdil vplyv
ro¢nika ivplyv odrody (p>0,05) na obsah karotenoidov
v Cerstvych plodoch rajciaka jedlého.

Dominantnym karotenoidom v plode raj¢iaka jedlého je
lykopén, ktory podl'a Ollanketa et al. (2001) predstavuje
80-90 % zo vsetkych karotenoidov pritomnych v plode
rajéiaka jedlého. Clinton (1999) uvadza, Ze obsah
lykopénu v plodoch rajciaka je v intervale od 0,88 az
4,20 mg.100 g*. Podra nasich zisteni bol obsah lykopénu
vys§i ako uvadza tento autor, vroku 2009 to bolo
454 mg100 g' avroku 2010 558 mg.100 g™
Vzajomnym testovanim rozdielov v obsahu lykopénu za
oba pokusné roéniky sme zistili Statistické preukazné
rozdiely vzajomne medzi vSetkymi testovanymi odrodami.

Tab. 2 Priemerné hodnoty obsahu lykopénu a homogénne
skupiny z LSD testu v ¢erstvych plodoch rajciaka jedlého

lykopén homogénne
Odroda  (mg.100g™)  skupiny* +95% -95%
IVBéb 4,11 a 403 419
gira 4,51 b 443 459
Sampion 5,50 c 5,43 5,98
Roti PK 6,11 d 6,04 6,19

N=4; 0=0,01; *a,b,c,d - priemery oznaCené rovnakymi
pismenami nie sa $tatisticky vyznamne rozdielne p>0,05

O'Neill et al. (2001) vo svojich prac zistil, ze v plode
rajCiaka je zo skupiny karoténovych farbiv pritomny
B-karotén v priemernom mnoZstve 0,61 mg.100 g™, lutein
vmnozstve 0,077 mg.100 g' alykopén v mnozstve
2,718 mg.100 g,

Plody rajéiakov sme v laboratornych podmienkach
spracovali na S§tavu. Priemerny obsah karotenoidov
vs§tave za oba sledované rocniky sa pohybovali od
518 mg.100 g' vitave zodrody Ziara PK po
7,25 mg.100 g vitave zodrody Sampion. NajniZi
priemerny obsah lykopénu 5,00 mg.100 g™ bol namerany
vitave pripravenej z odrody Ziara PK a najvyssi
6,75 mg.100 g* vitave z odrody Roti PK. Medzi
testovanymi vzorkami Stiav z hodnotenych odrdd sa
potvrdili preukazné rozdiely v obsahu karotenoidov aj
lykopénu.

N=4; 0=0,01; *ab,c,d - priemery oznaCené rovnakymi
pismenami nie su Statisticky vyznamne rozdielne p>0,05

Tab. 4 Priemerné hodnoty obsahu lykopénu a homogénne
skupiny z LSD testu v §tave z raj¢iaka jedlého

lykopén homogénne
Odroda  (mg.100g™")  skupiny* +95% -95%
]?é,b 4,69 a 4,62 4,77
gllfra 5,00 A 492 508
Sampion 6,31 c 6,23 6,39
Roti PK 6,75 d 6,67 6,82

N=4; 0=0,01; *a,b,c,d - priemery oznafené rovnakymi
pismenami nie su $tatisticky vyznamne rozdielne p>0,05

Hodnotenim dynamiky zmien obsahu karotenoidov a
lykopénu v tepelne oSetrenej Stave z rajciaka jedlého sme
zistili, ze v pripade odrod Bab, Sampion a Ziara PK doglo
po tepelnom spracovani k zvySeniu obsahu sledovanej
zlozky. V §tave z odrody Roti PK bol obsah karotenoidov
po spracovani niz§i. Testovanim vplyvu tepelného
osetrenia na retenciu karotenoidov dvojaftorovou analyzou
sa nepotvrdil Statisticky preukazny vplyv spracovania na
zmenu obsahu karotenoidov. To znamen4, ze zmeny ktoré
nastali neboli $tatisticky vyznamné a retencia karotenoidov
po tepelnom oSetreni bola dobra. Testovanim
dvojfaktorovou analyzou ANOVA sa potvrdil len vplyv
odrody na obsah karotenoidov Vv plodoch raj¢iaka a
raj¢iakovej $tave, ¢o uz bolo zrejmé aj z vysledkov LSD
testu.

Tab. 5 Statisticka vyznamnost' faktorov na zaklade

dvojfaktorovej ANOVA pre obsah karotenoidov v
zavislosti na forme rajciaka jedlého

Zdroj Suma Priemerné

variability Stvorcov Stvorce F
Odroda 19,661 3 6,554 11,066**
Forma 1,143 1 1,143 1,931
odroda*forma 3,566 3 1,189 2,007
Chyba 14,213 24 0,592

** Statistickd vyznamnost p<0,01; df - stupne vol'nosti

Obsah lykopénu v stave z rajciaka jedlého bol vyssi ako
v Cerstvych plodoch v pripade vSetkych hodnotenych
odrdd. Pri testovani vplyvu tepelného oSetrenia na obsah
lykopénu, sme zistili Statisticky preukazny rozdiel v
obsahu.  Vplyvom spracovania vySSie popisanou
technologiu doslo k zvySeniu obsahu lykopénu v §tave
Z rajCiaka jedlého oproti obsahu v Cerstvych plodoch. To
znamena, ze retencia lykopénu je horSia ako retencia
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karotenoidov, ale zmena, ktord nastala bola pozitivna.
Po tepelnom oSetreni dochadza k zvySeniu obsahu a tiez
k lepSej vyuzitelnosti lykopénu. Schulzova et al. (2005),
uvadza, ze pri zdhreve rajciakovej duzniny pri teplote
blizkej 100 °C je degradacia lykopénu pomala. Je to
dosledok toho, ze niektoré makromolekuly, ako napr.
pektin, mézu lykopén ochranit’ pred rozkladom.

Tab. 6 Statistickd vyznamnost faktorov na zaklade
dvojfaktorovej ANOVA pre obsah lykopénu v zavislosti
na forme rajciaka jedIého

Zdroj Suma df Priemerné P
variability Stvorcov Stvorce

odroda 20,2535 3 6,7512  11,804**
forma 3,1737 1 3,1737 5,549*
odroda*forma  1,6446 3 0,5482 0,959
Chyba 13,726 24 0,5719

** §tatisticka vyznamnost’ p<0,01; * Statisticka
vyznamnost p<0,05; df - stupne vol'nosti
ZAVER

Na zaklade dosiahnutych  vysledkov — mdzeme
konstatovat, ze sa nam v praci potvrdil vplyv odrody, aj
vplyv pestovatel'skych podmienok, konkrétne
klimatickych faktorov v danej vegetacii na obsah

karotenoidov i lykopénu v plodoch rajciaka jedlého.
Odrodou s velkym potencidlom oboch sledovanych
zloziek bola odroda Roti PK. Relativne najnizsi obsah
oboch farbiv bol detegovany v odrode Bab. Z hladiska
spracovatel'ského mdézeme skonstatovat’ vybornu retenciu
karotenoidov a zvysenie obsahu lykopénu v sledovanom
vyrobku. Zmeny, ¢i uz pozitivne alebo negativne, ktoré
nastali po spracovani plodov na §tavu za pouzitia tepla
boli zo Statistického hladiska v pripade karotenoidov
bezvyznamné. V pripade lykopénu sme zistili Statisticky
preukazne (p<0,05) narast obsahu lykopénu po spracovani,
¢im sa potvrdil pozitivny vplyv tepelného oSetrenia na
obsah lykopénu. Ako uvadzaju viaceré literarne zdroje,
tepelné oSetrenie ma vSak vyznamny pozitivny vplyv na

vyuzitelnost’”  karotenoidov  ilykopénu v I'udskom
organizme.
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EFFECT OF HUMIC SUBSTANCES AND PROBIOTICS ON GROWTH
PERFORMANCE AND MEAT QUALITY OF RABBITS

Lubmir OndruSka, LCubica Chrastinova, Jan Rafay, Darina PospiSilova, Viadimir Parkdanyi
ABSTRACT

The aim of this work was determined effect of supplemental humic substances and probiotics on growth performance and
meat quality of rabbits. The growth performances were observed on twohundred and twelve growing rabbits assigned
randomly by weight to two treatments. The treatments included: 1) Control group: in this group were rabbits fed with basal
diet during all experiment (35th — 77th day), 2) experimental group: the animals were fed with basal diet+3kg/t humic
substances — Humac Nature during whole experiment. In this group was during fattening period (35th — 49th and 63rd —
70th days of age) added to feed the probiotic preparation — Propoul (Lactobacillus fermentum CCM 7158 1x108 CFU) 2 ¢
per ten pieces. Body weight and feed intake were measured weekly in order to determine the average daily gain, average
daily feed intake and gain/feed. The characteristics of meat quality were determined on twelve rabbit males at the age of)
77 days, when the rabbits achieved average slaughter weight 2500g. Results of the whole experimental period showed that
addition humic substances and probiotic preparation to the diet had positive effect (not significantly) on intensity of growth
live weight in the last phase of fattening period. The results of this study suggest that humic substances with probiotics
might be utilized as a feed additive in the rabbit diet. It could not significantly improve growth performance and meat
quality of rabbits.

Keywords: meat, quality, rabbits, humic substances, probiotics

UvoD

Viaceré legislativne zmeny v FEurépe spojené s
vyradenim vyuZzivania antibiotickych stimulatorov rastu
a inych chemickych pripravkov vo vyzive hospodarskych
zvierat otvorili priestor pre hl'adanie alternativnych rieseni
stimulacie  produkénych  vlastnosti  hospodarskych.
Tieto skuto¢nosti viedli k tomu, Ze v sucasnosti sa
neoddelitelnou sucastou vyzivy hospodarskych zvierat
avchove kralikov tomu nie je inak, stali bylinné
preparaty, éterické oleje, probiotika, organické kyseliny,
tkanivové biostimulatory a iné.

V poslednom obdobi sa vo vyzive zvierat Coraz CastejSie

Vdaka pozitivnemu vplyvu na zdravotny stav su vo vyZive
kralikov Coraz intenzivnejSie vyuzivané rdozne probiotické
preparaty. Ide o produkty so zivymi mikrobidlnymi
zlozkami, ktoré po peroralnej aplikacii prispievaju
Kk vytvoreniu priaznivej mikroflory v traviacom trakte.
NajcéastejSie  ide o stabilizovani  kultaru  zivych
mikroorganizmov, ktoré obsadia povrch epitelu Creva
a nasledne potlacaju neziaduce mikroorganizmy. Medzi
probiotikd patria najmd laktobacily, rozne kmene
Enterococcus faecium ainé mikroorganizmy mlie¢neho
kvasenia.

Cielom naSej prace bolo zhodnotenie vplyvu

stretdivame aj s vyuzitim huminovych latok. Huminové
latky patria k najrozsirenejSim prirodnym organickym
zlucenindm. Huminové latky zarad’ujeme medzi prirodné
organické  zluCeniny, ktoré vznikaji chemickym
a biologickym rozkladom organickych latok, najmé rastlin
a zivocichov. V minulosti sa huminové latky vd'aka
vysokej adsorp¢nej kapacite a schopnosti viazat’ na seba
mikrobialne jedy, plesiiové toxiny a iné pre organizmus
jedovaté zluceniny, napr. amoniak, polychlorované-
bifenyly (PCB), dioxiny a pod vyuzivali hlavne na
redukciu amoniaku V ustajiiovacich objektoch velkych
hospodarskych zvierat (Ndayegamiye and Cote, 1989;
Shiet al., 2001). Efektivne vyuzivanie antibakterialneho,
antivirusového a antikarcinogénneho ucinku huminovych
latok vo veterinarnej praxi a vo vyzive zvierat opisuju
autori Thielet al., 1977; Hucket al., 1991; Yamadaet al.,
1998 aJooneet al., 2003.

pridavku huminovych latok v kimnej zmesi v kombinacii s
probiotickym pripravkom na vybrané uzitkové parametre
krélikov.

MATERIAL A METODY

Pokus sa uskutocnil v schvalenom pokusnom zriadeni
Centra vyskumu zivociSnej vyroby Nitra na brojlerovych
kréalikoch linie P91 zalozenych na baze kalifornského
kralika. VsSetky kraliky boli ustajnené v kovovych
klietkovych technologiach pre chov kralikov v pocte
2 ks/klietku, v Ciasto¢ne klimatizovanej hale.

Pocas celého obdobia experimentu mali zvierata staly
pristup k pitnej vode =zabezpeceny automatickymi
niplovymi napdjackami. V ustajiovacom objekte sa
udrziavali pozadované chovatel'ské podmienky: teplota sa
pohybovala v rozpédti 16-21°C  a relativna vlhkost
vzduchu: 70 £ 5%.
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PocCas experimentu sme sa zamerali na hodnotenie
vybranych  produkénych ukazovatelov: rast Zivej
hmotnosti, spotrebu kfmnej zmesi (KZ), konverziu krmiva
a kvalitu misa jato¢nych zvierat.

Do pokusnej skupiny bolo zaradenych spolu 106 ks
kralikov obidvoch pohlavi (70 ks &' a 36 ks Q) vo veku 35.
dni. Kralikom bola poc¢as celého obdobia vykrmu (35. do
77. dna) podavana experimentalna KZ s pridavkom
kfmneho doplnku s vysokym podielom huminovych
kyselin - HUMAC Natur v mnozstve 3 kg na tonu KZ
(tabul’ka 1). Pokusnym zvieratdm sa okrem huminovych
latok v ur¢itom obdobi vykrmu (od 35. do 49. dna a od
63. — 70. dina veku) podaval zamieSanim do krmiva
probioticky  pripravok  PROPOUL s  obsahom
Lactobacillusfermentum CCM 7158 1x10° CFU v
mnozstve 2g na 10 ks.

Do kontrolnej skupiny bolo rovnako, ako pri
experimentalnej skupine spolu zaradenych 106 ks kralikov
obidvoch pohlavi (66 ks & a 40 ks @) vo veku 35. dni.
Tymto zvieratim bola v obdobi od 35. do 63. dna
predkladana  kontrolna  KZ  (tabulka 1) so
zakomponovanym antikokcidikom robenidinom
(60 mg/kg KZ), po tomto obdobi bola tymto zvieratdm
predkladana KZ rovnakého zlozenia, ale uz bez pridavku
robenidinu.  Rast zivej hmotnosti a spotrebu KZ sme
zaznamenavali v pravidelnych tyzdiovych intervaloch.

Hodnotenie kvalitativnych ukazovatelov midsa sme
uskutocnili spolu na 12 ks (6ks pokus a 6 ks kontrola)
zvierat, samcieho pohlavia po dosiahnuti zivej hmotnosti
2500 g (+ 100g). Porazanie m ladych kralikov sa
realizovalo po omraceni elektrickym pradom, prerezanim
jugularnych tepien s naslednym vykrvenim. Chemicka
analyzu zakladnych zloziek mésa sme hodnotili zo vzoriek
chrbtového svalu (musculuslongissimusdorsi). Vzorka
mésa bola odobrana 1 hodinu po zabiti, zabalena do félie a

uskladnena pri teplote 4 °C pocas 24 hodin. Hodnota pH
mésa sa stanovila vpichovou elektrodou a pristrojom
Radelkis ~ OP-109. Obsah  vody, bielkovin a
intramusculdrneho  tuku bol stanoveny pristrojom
Infrartec1265 48 hodin post mortem. Farba mésa sa
analyzovala na pristroji Spekol 11.

Namerané¢ hodnoty sme Statisticky analyzovali v
programe SAS 9.1. Vplyv sledovanych doplnkov v KZ na
ukazovatele uzitkovosti sa vyhodnotil jednofaktorovou
ANOVA analyzou rozptylu. Preukaznost' rozdielov
aritmetickych priemerov sa odhadla pomocou t-testu.
Na testovanie stiborov bol pouzity Scheffeho test.

VYSLEDKY A DISKUSIA

V tabulke 1 je wuvedené percentudlne zastipenie
jednotlivych komponentov a podiel vybranych zivin
v 100% susine kimnej zmesi. Pokusna kifimna zmes sa od
kontrolnej odliSovala iba obsahom testovaného pripravku
huminovych latok - HumacNatur v pomere 3g.kg™ KZ.

V tabulke 2 st uvedené zakladné ukazovatele uzitkovosti
kralikov v priebehu vykrmu. Pri hodnoteni intenzity rastu
zivej] hmotnosti sme zaznamenali pozitivny vplyv
skrmovania KZ s obsahom huminovych latok a probiotik
Vv druhej polovici vykrmového obdobia (63.-77. dia), kedy
kraliky dosahovali vys$sie priemerné denné prirastky. Tieto
rozdiely, podobne ako pri ostatnych sledovanych
ukazovatel'och vSak neboli Statisticky preukazné. Autori
Karaogluet al. (2004), Yalcinet al. (2005), Avciet al.
(2007), Hanafyet al. (2008), ktori uskuto¢nili pokusy
S pridavkom huminovych kyselin v kimnej davke hydiny,
tak ako aj my nezaznamenali ich Statistiky vyznamny
vplyv na prirastky Zivej hmotnosti. AvSak Kocabagliet al.
(2002) zaznamenal signifikantny vplyv  pridavku
huminovych kyselin na rast zivej hmotnosti a najma
konverziu krmiva v zavere sledovaného vykrmového

Tab. 1 Zlozenie KZ pouzitej v pokusnych a kontrolnych skupinach kralikov

Podiel komponentov v KZ (%) Podiel zivin v 100% susine (%)

Lucernové ususky 41,4 Susina 88,57
PSeni¢né otruby 32,9 NL 20,46
Ovos 12,8 Tuk 4,08
Slne¢nicovy extr.Srot 7,8 Vlaknina 19,61
Melasové vypalky 2,0 Skrob 14,09
Sojovy olej 0,9 Popol 8,05
Premix doplnkovych latok 1,4 Organickd hmota 91,95
CaCOs, 0,5 ADV 22,77
NaCl 0,3 NDV 36,89

Tab. 2 Porovnanie jednotlivych ukazovatel'ov po¢as vykrmu kralikov

Skupina/ukazovatel Pokus Kontrola
Priem. prirastok zivej (g/ks/den) 38,41 39,13
Priemerna konverzia krmiva (g/g) 3,58 3,51
Priemerna spotreba KZ /kifmny den (g/ks) 133,55 134,82
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Tab. 3 Porovnanie jednotlivych ukazovatel'ov poc¢as vykrmu kralikov

ukazovatel’ Pokus x+sd Kontrola x+sd

Obsah celkovej vody (g.100g™) 75.8740.25 75,53+ 0,65

Obsah celkovych bielkovin (g.100g™) 21,7+0.1 22,07+0,49

Obsah celkového tuku (g.100g™) 1.4340.23 1,4+0,26

Energeticka hodnota (kJ.100g™) 417.48+8.86 422,37+15,40

pH 5,50+0,1 5,58:0,05

Elektricka vodivost’ (uS) 0.59+0 14 0.4240 21

Farba L 49,6146,01 52,97+2,71

A 1,16+0,74 0,65+0,31

B 7,25+1,54 8,31+0,92

Volne viazana voda (glOOg'l) 34.51+4.63 33.7342.01
obdobia. vplyv huminovych latok v kombinacii s probiotickym

Po zhodnoteni vybranych ukazovatelov chemického pripravkom v ziadnom z hodnotenych ukazovatel'ov
zloZzenia mésa sme nezaznamenali $tatisticky vyznamny (tabul’ka 3).

ZAVER

Vysledky nasej prace poukazujii na pozitivny vplyv
huminovych latok v kombindcii s probiotickymi
preparatmi na intenzitu rastu kralikov. V pokusnej skupine
zvierat s pridavkom huminovych latok (HumacNatur) a
probiotik (Propoul) sme zaznamenali vy$$iu intenzitu rastu
zivej hmotnosti v poslednej faze vykrmového obdobia. Vo
vyuziti predkladanych kfmnych zmesi na rast Zzivej
hmotnosti — konverzia krmiva, ako aj v kvalitativnyc h
ukazovateloch midsa sme Statisticky vyznamné rozdiely
medzi obidvoma skupinami nezaznamenali.
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CHANGES IN THE PHYSICAL PROPERTIES OF BREAD DURING STORAGE

Paulina Pajqk, Celina Habryka, Teresa Fortuna

ABSTRACT

The aim of this work was to compare the physical properties of breadcrumb during five days of storage in vacuum
containers and polyethylene bags. On the basis of result it was stated, that storage of baguettes in vacuum condition and in
polyethylene foil did not prevent the staling of breadcrumb. Hardness of breadcrumb stored in plastic bags on the fifth day
was higher than hardness of bread stored in vacuum containers. The others texture values did not differ significantly on the
fifth day of storage between packaging methods. The changes in water activity values both in vacuum containers and
polyethylene bags were negligible during storage. Increase in lightness and decrease in yellowness were observed over the
storage period, regardless of packaging method, while the values of a* remained essentially unchanged.

Keywords: breadcrumb, TPA, water activity, colour measurement

INTRODUCTION

Staling of bread is a phenomenon that is not yet fully
understood. Some authors showed that bread staling is
associated to starch retrogradation, however others
suggested that it is due to an increase in interactions
between starch molecules and gluten proteins (Puhr
&D Appolonia, 1992; Ribotta & Le Bail, 2007; Ronda
& Roos, 2011). Staling involves changes in textural
properties (e.g. hardening, decrease in elasticity or
cohesion), sensory attributes and colour characteristic
(Rasmussen & Hansen, 2001; Wagner et al., 2007).

Vacuum packaging is one of the way to extend the food’s
shelf-life because it removes air (oxygen) from around the
product. More often bread is packed and stored in plastic
bags. However packaging is used to limit moisture loss or
evaporation, which influence physicochemical changes in
bread during storage. Several reports were found in the
literature on the effects of packaging in modified
atmosphere on the properties of bread (Rasmussen &
Hansen, 2001; Ceglinska et al., 2004). Although there is
a lack of information about the impact of vacuum
packaging or in plastic bags on the physical properties of
bread.

The aim of this work was to compare changes in texture
— TPA, water activity and colour parameters of
breadcrumb during five days of storage in vacuum
containers and in polyethylene bags.

MATERIAL A METHODOLOGY

The materials subjected to analysis were bread
concentrate “Chleb swojski zytni”: mix of wheat and rye
flours, dried sourdough starter and salt, purchased in the
local market.

Sample preparation: The dough formulation comprised:
1000 g of concentrate, 550 g of water and 10 g of fresh
yeast. Mixing, dough rise and baking were carried out in
Moulinex Home Bread Ow 6000 Baguette & Co. After
70 min of mixing and resting, dough was divided in
portions of 1904+5g and baguettes were formed. The pieces

of dough were baking in Moulinex for 47 min. Samples
were packed in a glass containers in vacuum condition and
in polyethylene bags and were stored during 5 days at
room temperature. Samples were duplicate.

The analysis of the breadcrumb involved determination
of textural properties using TPA test (Texture Profile
Analysis). Textural properties were made with a Texture
Analyser EZ Test (Schimadzu, Japan). On the test days,
breadcrumb in cylindrical shape (4 cm height, 1 cm
diameter) were compressed to 50% (20 mm) using
stainless steel plunger having a diameter of 30 mm and
height of 5 mm. The samples were tested at plunger speed
25 mm/min. Following magnitudes were determined
during measurements: hardness [N], elasticity [mm],
cohesiveness [-], guminess [N] and mastication[N-mm].

The water activity (aw) of the crumb was measured by
using LabSwift-aw (Novasina, Switzerland).
The breadcrumb was loaded in a sample dish and put in
the measurement chamber. The equilibrium air humidity
over a sample (water-vapour pressure) which is
proportional to the aw-value was measured.

Parameters of colour L*a*b* were determined in
CIELAB system (10°/Dgs colour spaces, gap 10mm) by
using spectrophotometer X — Rite Color i5. The colour
parameters of the breadcrumb were expressed as L*
(lightness; from O0=black, to 100=white), a* (+a=redness, -
a=greenness) and b* (+b=yellowness, -b=blueness).

RESULTS AND DISCUSSION

Texture parameters of breadcrumb depends on many
factors: recipe, baking condition, storage period and
temperature (Ceglinska et al., 2004). The changes in
hardness and elasticity for the baguettes stored in vacuum
containers compared to polyethylene bags are shown in
Fig.1 and Fig.2. On the basis of the results obtained in this
work, it was stated that crumb hardness stored in vacuum
conditions increased during the first three days of storage
(starch retrogradation occured). On the fifth day of storage
reduction of crumb hardness was observed. Such
behaviour may probably be due to remigration of water
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Fig. 2 Elasticity of breadcrumb stored in vacuum
containers and polyethylene bags during five days

Cohesiveness [-]

Day O Day 1

Day 3

Day of storage

BVacuum container ~ @Polyethylene bag

Fig. 3 Cohesivenesss of breadcrumb stored in vacuum
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Fig. 4 Gumminess of breadcrumb stored in vacuum
container and polyethylene bags during five days

Fig. 5 Mastication of breadcrumb stored in vacuum
container and polyethylene bags during five days
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Fig. 6 The water activity (a,) of the breadcrumb during
storage in vacuum container and polyethylene bags
during five days.

from the crust to the crumb in closed container.
Rasmussen & Hansen (2001) reported that in the case of
bread stored in modified atmosphere increase in firmness
was linear with time during the first three days of storage,
and then the firming rate decreased with time. The authors
suggested that bread firmness is influenced by both the
crystalisation behaviour of starch and by changes in
hydration. Puhr & D"Appolonia (1992) reported that high
crumb moisture retarded hardening rate.

Hardness of breadcrumb stored in plastic bags on the
fifth day was higher than hardness of bread stored in
vacuum containers. It may suggest that vacuum packaging
is more efficient in delaying bread staling than
polyethylene bags. Elasticity (Fig. 2) decreased gradually
over time, this behaviour was similar, irrespective of the
type of packaging.

Cohesiveness (Fig. 3) of bread stored in vacuum
containers significantly decreased from 0.543 in fresh
baguette to 0.219 at the fifth day of storage. Slightly lower
values of cohesiveness showed breadcrumb stored in
polyethylene bags, however on the fifth day of storage
cohesiveness was similar (0.205). The aging of bread
diminishes cohesiveness usually due to the loss of
intermolecular attractions between ingredients that cause
the crumbling of crumb, and that is usually associated with
the loss of water (Ronda & Ross, 2011).

Gumminess and mastication values of breadcrumb during
storage are presented at Fig. 4 and Fig. 5. The changes in
these parameters in the case of bread stored in vacuum
condition were similar to hardness behaviour. Slight
increase in gumminess was observed during three days of
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Tab. 1 Changes in colour parameters of breadcrumb during storage

* * *
Day of storage vacuum . polyethylene vacuum a polyethylene vacuum : polyethylene
container bag container bag container bag
Day 0 63.40+0.54 63.15+0.22 3.36a+0.61 3.57a+0.54 19.59+0.36 19.73+0.27
Day 1 67.43a+0.65 65.00+0.20 3.38a+0.15 3.76a+0.12 18.75a+0.49 18.87a+0.19
Day 3 67.29a+0.46 66.41+0.42 3.35a+0.26 3.62a+0.15 18.41a+0.33 18.67a+0.48
Day 5 68.99+1.25 68.69+0.77 3.42a+0.25 3.60a+0.07 17.47+0.36 16.62+0.17

NIR 0.57

*Within columns. values followed by the same small letters do not differ significantly at p=0.05

storage, followed by a sharp decline on the fifth day.
Mastication values of bread stored in polyethylene bags
decreased gradually over time. Although on the fifth day
of storage texture parameters did not differ, irrespective of
packaging method.

The water activity of breadcrumb is summarized at
Fig. 6. After one day of storage both in vacuum containers
and polyethylene bags there were no statistical differences
in water activity values comparing to value of fresh crumb.
Some statistical variation has been seen after three
(vacuum) or five (foil) days of storage. Although, the
changes in water activity values were very small (from
0.958 on the day of baking to 0.944 after 5 days of
storage). Similar small changes in water activity presented
Puhr & D Appolonia (1992) for wheat breadcrumb stored
in polyethylene bags at room temperature. However these
values were a bit higher (changes from 0.995 to 0.975).
In parallel there was not significant reduction in
breadcrumb moisture during the same five-day storage
period (data not shown). The relationship between water
activity of breadcrumb and its moisture is known in
literature (Puhr & D" Appolonia, 1992).

The final product colour can be usually associated with
ingredients, processing factors, quality and shelf-life of the
product (Lucisano at al., 2010). Packaging lengthen the
shelf-life of bread, but do not prevent the staling process,
which can manifest in colour alteration. In this study the
changes in lightness values (tab.1) were significant over
the whole storage period.

The 9 percent increase in lightness during the five days of
storage were determined both in vacuum and plastic
conditions. These values were much lower than lightness
of breadcrumb measured by Lucisano at al. (2010),
although similar to lightness of breadcrust obtained from
frozen partially baked breads (Altamirano-Fortoul &
Rosell. 2011). There were no changes in a* (redness)
values during storage period. while b* (yellowness)
slightly decreased from 19.59 to 17.47 and from 19.72 to
16.62 respectively for vacuum and foil stored bread.

CONCLUSION

Storage of baguettes in vacuum containers and in
polyethylene bags did not prevent the staling of
breadcrumb.

Hardness of breadcrumb stored in plastic bags on the fifth
day was higher than hardness of bread stored in vacuum
containers. The others texture values did not differ
significantly on the fifth day of storage between packaging
method.

The changes in water activity values during five days of
storage both in vacuum containers and polyethylene bags
were negligible.

Increase in lightness and decrease in yellowness were
observed over the storage period. irrespective of packaging
method. while the values of a* remained essentially
unchanged.
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FACTORS AFFECTED DECARBOXYLATION ACTIVITY OF ENTEROCOCCUS
FAECIUM ISOLATED FROM RABBIT

Pavel Pleva, Leona Buirikovd, Andrea Laukova, Eva Lorencova, Viastimil Kubdii, FrantiSek Buiika

ABSTRACT

Biogenic amines (BA) are basic nitrogenous compounds formed mainly by the decarboxylation of amino acids. There are
generated in course of microbial, vegetable and animal metabolisms. The aim of the study was to monitor influencing
factors of biogenic amine production by Enterococcus faecium, which is found in rabbit meat. Biogenic amines were
analyzed by the means of UPLC (ultrahigh performance liquid chromatography) equipped with a UV/VIS DAD detector.
Decarboxylation activity of E. faecium was mainly influenced by the cultivation temperature and by the amount of NaCl in
this study.E. faecium produced most of the monitored biogenic amines levels: tyramine <2500 mg.I™; putrescine <30 mg.I™;

spermidine <10 mg.I”* and cadaverine <5 mg.I™.

Keywords: biogenic amines, Enterococcus, ultrahigh performance liquid chromatography

UVOD

Biogenni aminy (BA) jsou organické dusikaté slou¢eniny
s nizkou molekulovou hmotnosti, které Ize podle chemické
struktury rozdélit na aromatické (napf. tyramin,
2-fenylethylamin),  heterocyklické  (napf.  histamin,
tryptamin) a alifatické diaminy (napf. putrescin, kadaverin)
(Sméla et al., 2004). Biogenni aminy se vyskytuji v
mnohych tkanich a jsou soucasti metabolickych procest
bun¢k. Maji funkci prekurzord syntézy proteint,
nukleovych kyselin, hormonti i alkaloidd (Karovi¢ova et
al., 2005).

Biogenni aminy se vyskytuji téméf v kazdé potraving,
ktera obsahuje urcité mnozstvi volnych aminokyselin nebo
proteini  podléhajici mikrobialni aktivit¢. Cinnosti
mikrobialnich enzymt dochazi k dekarboxylaci volnych
aminokyselin, ¢imz vznikaji BA a polyaminy (K¥Fizek,
1998). Nizka koncentrace BA muze byt lidskym télem
tolerovana, pokud jsou u¢inné detoxika¢ni mechanizmy ve
sttevnim traktu. Na detoxikaci se podili enzymy
monoaminooxiddzy a diaminooxidazy. Jestlize vSak
nastane nadmérny piijem nékterého biogenniho aminu,
jsou  katabolické cesty potlaceny a  dochazi
k fyziologickym porucham (Shalaby, 1996). Spanier
et al. (1991) navrhuji tolerovatelné sumarni mnozstvi BA
(histaminu, tyraminu, putrescinu a kadaverinu) pro
potraviny do 900 mg/kg. S mnozstvim biogennich amini
souvisi 1 nafizeni ES €. 2073/2005, kde je uvadén limit pro
histamin v rybach a vyrobcich z ryb do 200 mg.kg™.

U masa a masnych vyrobkll patfi mezi vyznamné
bakterie produkujici BA (zejména histamin, kadaverin a
putrescin) rody Pediococcus, Lactobacillus, Pseudomonas,
Streptococcus,  Micrococcus a  zastupci  Celedi
Enterobacteriaceae. Zaroven se tyto bakterie mohou lisit
v produkci BA i o né&kolik tada (Shalaby, 1996). Je
nemozné najit korelaci mezi obsahem biogennich amint a
poctem bunék (Halasz et al. 1994).

Vliv podminek vnéjsiho prostfedi na tvorbu BA (napf.
teplota, pH, pfistup kysliku a mnozstvi NaCl), se 1isi i

vramci kmend stejného druhu (K¥izek et al., 1998).
VétSina amint je tepelné stala, nékteré¢ dekarboxylazy si
vSak uchovavaji aktivitu i po tepelném oSetfeni (napf.
pasteraci), takze obsah BA mutze dale rGst i béhem
skladovani potraviny (Brink et al., 1990).

MATERIAL A METODY

Mikroorganizmus a kultiva¢ni podminky

Enterococcus faecium M2C byl izolovan z masa kralika a
byl ziskan z Ustavu fyziologie hospodarskych zvierat,
Slovenské akademie véd v Kosicich. Bakterie byly
kultivovany v Brain Heart Influsion Broth (BHI; HiMedia)
s aminokyselinami (histidin, ornitin, arginin, lyzin, tyrozin;
Sigma-Aldrich) jako prekurzory testovanych biogennich
aminu Vv koncentraci 0,2 % (w/v). Produkce biogennich
amini byla zkouména v zavislosti na teploté¢ (6+1°C a
30£1°C), dostupnosti kysliku a koncentraci NaCl (0; 1; 2;
3 a 6 % w/v). Vliv dostupnosti kysliku na produkeci
biogennich aminti byl sledovan tak, Ze polovina zkumavek
byla kultivovana aerobné a druha anaerobné, anaerobniho
prostiedi bylo dosazeno zakapnutim média sterilnim
parafinovym olejem (1 ml; Pliva-Lachema). Kazdy izolat
byl kultivovan tfikrat podle Buiikova et al., (2009). Rust
E. faecium byl sledovan pomoci optické denzity (A= 600
nm; Fotometr TECAN Sunrise TW/TC).

Stanoveni biogennich aminu

Produkce 7 biogennich amind (kadaverinu, CAD;
histaminu, HIS; fenylethylaminu, PHE; putrescinu, PUT;
tyraminu, TYR; spermidinu, SPD; a sperminu, SPN) byla
stanovovana pomoci ultra-vysoko U¢inné kapalinové
chromatografie (UPLC) s binarni pumpou (autosampler
LabAlliance, Statr Colleges; kolona s termostatem;
UV/VIS DAD detektor (A =254 nm); a degaser 1260
Infinity, Agilent Technologies).

Bujon po kultivaci testovanych bakterii byl centrifugovan
(4000 x g; 22+1 °C; 20 minut; EBA 20, Hettich) a ziskany
supernatant byl zfedén vpoméru 1:1 (v/v) Kkyselinou
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chloristou (¢ = 1.2 mol.I"). Smés byla filtrovana (porozita
filtru 0.45pum) a filtrat byl podroben derivatizaci
dansylchloridem podle Daddkova et al., (2009).
Jako interni standard byl pouzit 1,7-heptandiamin.
Derivatizované vzorky byly po danzylaci opét filtrovany
(porozita 0.22 um) a nanaseny na kolonu (Cogent HPLC
Column HPS C18, 150 x 4.6 mm, 5um). Podminky
separace sledovanych biogennich aminti jsou popsany
v Sméla et al., (2004). Kazdy ze tfi supernatantd (pro
jeden testovany mikroorganizmus) byl derivatizovdm
dvakrat a kazda derivatizovana smés nanesena na kolonu
ve dvojim opakovani (n = 12).

VYSLEDKY A DISKUZE

Schopnost tvorby biogennich amint rodem Enterococcus
potvrdil ptedchazejici skrining (Pleva et al., 2011).
Na zaklad¢ téchto vysledku byl pro dalsi studii vybran
kmen E. faecium M2C schopny produkce tyraminu,
putrescinu, kadaverinu, fenylethylaminu a spermidinu.
U tohoto kmene byly v modelovych podminkach
sledovany vybrané faktory, u kterych existuje predpoklad,
ze jsou schopny ovlivitovat produkci BA (NaCl 0 — 6%
(w/v); aerobni/ anaerobni prostiedi, kultivaéni teplota
6+1°C a 30+1°C). Tyto faktory byly voleny tak, aby se
ptiblizily podminkdm zpracovani a skladovani masa a
masnych vyrobka.

Tvorba biogennich amind za aerobnich i anaerobnich
podminek se v Case zvySovala. Biogenni aminy po 16
dnech kultivace pifi 6+1°C za aerobnich podminek

dosahovaly nasledujicich hodnot: TYR <50 mg/l; PUT
<40 mg.l™*; SPD <25 mg.I™ a za anaerobnich podminek
TYR <80 mgl?; PUT <50 mg.l?; SPD <20 mgl™
Pii 30+1°C byla po 48 hodinach kultivace (obr. 1) zjisténa
vy§si  produkce BA: aerobné TYR <2500 mg.I™;
PUT <30 mgl™; SPD <10 mgl® a CAD <5 mg.l™;
anaerobné TYR <2250 mg.I*;  PUT <30 mgl™;
SPD <7 mgl’, CAD <5 mgl™. Rozdil vmnozstvi
vytvofenych BA je dan pfedev§im vlivem anaerobniho
prostiedi, které muze rast E. faecium zpomalovat.

Tvorba biogennich amini je ovlivnéna predevsim
rustovou fazi bunék, tedy mnozstvim a aktivitou bakterii
E. faecium v médiu. Pfi 30+1°C byla zietelnd vyznamna
produkce BA jiz po hodiné kultivace (TYR 5,91%0,13
mg.I"; PUT 41,93+6,53 mg.l™; CAD 4,16+0,59 mg.l™;
SPD 5,32+0,12 mgl™; PHE 2,99+0,03 mgl™). Po 48
hodinové kultivaci bylo mnozstvi BA nésledujici: TYR
1650+118 mg.I™*; PHE 7,60+0,20 mg.I™; PUT 35,30+1,05
mg.l™; CAD 5,00+0,12 mg.l™; SPD 5,00£0,10 mg.I™.
Ze studovanych faktorti méla na rist a dekarboxylazovou
aktivitu vliv ptedev§im teplota (obr. 2), ktera je schopna
zpomalit bunécny rust, prodlouzit generacni dobu a
umérné tomu i tvorbu BA. Dekarboxylazova aktivita E.
faecium pfi teploté 6+1°C v prvnim az 16 dnu byla fadové
obdobna. Nejvyssi zaznamenany nartst produkce tyraminu
byl &tvrty den (TYR 83,22+11,93 mg.1™) od tohoto dne se
produkce zpomalovala. Mnozstvi tvofeného spermidinu
(SPD <25 mg/l) kontinualné rostlo s dobou kultivace.
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Obr. 1 Produkce tyraminu u E. faecium M2C; pii pH=7. Kultiva¢ni teplota 30°C, 1% a 6 % NaCl. TYR AE —
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Obr. 2 Produkce tyraminu a putrescinu u E. faecium M2C pti pH7. AE — aerobni prostiedi; AN — anaerobni prostiedsi;
30 £ 1°C po 48 hodinach a 6 + 1°C po 10-ti dnech kultivace; 0-6 — % koncentrace pfidaného NaCl.

Mnozstvi NaCl ovliviiyje tvorbu BA vyznamnéji pouze u
tyraminu, kdy byl znatelny rozdil v produkeci tyraminu pfi
koncentracich do 3 % (TYR 1958+ 201 mg.I™") a nad 3%
(W/v) koncentraci soli (TYR 2500+67,8 mg.l™") pti
30+1°C. Koncentrace 6 % (w/v) NaCl vyrazné inhibovala
produkci tyraminu, a po 12 hodinach kultivace bylo
mnozstvi vyprodukovaného tyraminu mensi (TYR <110
mg.I™%), nez u 3 % (w/v) NaCl, (TYR <1500 mg.I""). D4 se
tedy fici, ze NaCl ma do koncentraci 3 % (w/v) efekt
akceleratoru, zatimco piidavek 6 % (w/v) NaCl tvorbu BA
zpomaluje. Putrescin byl tvofen in vitro za aerobnich i
anaerobnich podminek az od 4. dne kultivace u
koncentrace NaCl <1 % (w/v) pii 6+1°C, dale se produkce
postupné zvySovala za aerobnich i anaerobnich podminek
(41,51£1,47 mg.I™).

Obsah tyraminu, kadaverinu a fenylethylaminu se
vbujonu po kultivaci E. faecium v c&ase zvySoval.
Mnozstvi vytvofeného spermidinu (max. SPD 23,48+0,45
mg.I™) a putrescinu (max. PUT 52,03+2,48 mg.I"") se po
16-ti dnech kultivace pfi 6°C vyrazné nenavySovalo.
Burdychova et al. (2007) uvadi, Zze fada kment rodu
Enterococcus tvori takové koncentrace tyraminu, které jiz
prekracuji hladinu toxicity (100 mg.I™), coZ se sluGuje i
sna$imi vysledky. Bover-Cid et al. (2001) zjistili
produkci tyraminu v rozmezi 500-4300 mg.l' a
fenylethylaminu 40-432 mg.I" u viech jimi testovanych
kment E. faecium (5 testovanych kment). Naopak u téchto
izolati nedetekovali produkci putrescinu a kadaverinu.
Stejni autofi rovnéz oznacuji studované enterokoky za
Casté producenty tyraminu a fenylethylaminu, coz opét
koresponduje s nasimi vysledky. Castou produkci
tyraminu u kment E. faecium popisuji také Roig-Sagués
et al. (2002), Cosentino et al. (2004) a Komprda et al.

(2008). Latorre-Moratalla et al. (2010) detekovali u
kment E. faecium kromé jiz zminéného tyraminu i
produkci fenylethylaminu a tryptaminu. Podle Marcobal
et al. (2006) je produkce BA ovlivnéna mimo jiné i
mnozstvim prekurzorl (zejména volnych aminokyselin) a
upravou fyzikalné chemickych podminek prostfedi. Dale
je nutné konstatovat, ze produkce BA je rovnéZ vlastnost
siln¢ kmenové zavisla (Pischer et al., 2007; Buiikova et
al., 2009).

ZAVER

V praci byla studovana in vitro produkce biogennich
aminu u izolatu Enterococcus faecium. Bylo zjisténo, Ze
maso kralika mutze byt kontaminovano mikro-
florou bohatou na produkci BA, coz miZze podstatné
ohrozit bezpecnost a zdravotni nezavadnost této suroviny.
Nejcastéji byla detekovana produkce tyraminu, putrescinu,
fenylethylaminu a spermidinu. Vzhledem Kk moznému
ohrozeni zdravi konzumentti, by bylo vhodné dale
prozkoumat  dalsi  faktory  ovliviiyjici  intenzitu
dekarboxylacni aktivity dekarboxyldza-pozitivnich kment
rodu Enterococcus.
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CONTAMINATION OF PROPOLIS USED AS A DIETARY SUPPLEMENT

Adam Roman, Ewa Popiela-Pleban

ABSTRACT

The aim of the study was to determine the extent of chosen toxic elements (zinc, copper, lead, arsenic and cadmium)
bioaccumulation in propolis collected in Opole area. The present study demonstrates that propolis can be used as a dietary
supplement. The research material were samples of propolis originated from 3 bee colonies in 30 apiaries (n=3x30=90).
Quantitative analysis of studied elements were conducted using Varian ICP-AES plasma spectrometer with mass detection
controlled, and CETAC-5000 AT ultrasonic nebulizer. The presence of toxic elements was determined in an examined
biological materials. The sequence of accumulation level of studied elements in propolis was as follows:
Zn>>Cu>Pb>As>Cd. An average concentration of zinc, copper, lead, arsenic and cadmium amounted to 56.28, 7.12, 6.91,
0.745, 0.218 mg.kg™, respectively. Only the copper average content in propolis was within acceptable standards, whereas
the mean contents of other elements greatly exceed these standards. All portions of propolis should be subjected to

toxicological testing before applying these samples for internal use.

Keywords: propolis, heavy metals, arsenic, cadmium, copper, lead, zinc, accumulation, dietary supplement

INTRODUCTION

The industry and motorization development as well as
intensive agriculture based on the chemicalization
contributed to a massive increase of environment
pollution. Among many pollutants there are elements of
toxic properties, which natural contentin soil and the
atmosphere is negligible (Baycu and Onal 1993, Celli
and Maccagnani 2003, Chlopecka et al. 1996, Jones
1987, Kabata-Pendias and Pendias 1999, Stankovska
et al. 2008). They are widely used in the human economy,
therefore they are common environmental pollutants. Even
at low concentrations they may cause a lot of diseases and
abnormalities in the functioning of the human organism.

Honey bee (Apis mellifera L.) is inextricably linked with
the external environment, from which it derives not only
air and water, but food as well. The products gathered by
the bee colony are kind of pooled samples derived from
such a large area. The pollutants occurring in a given area
can also be accumulated in the raw material collected by
bees, and in bees itself (Bogdanov 2006, lannotti et al.
2000, Roman 2009, Roman 2010).

During the processing of raw materials to propolis by
worker bees its purification does not take place. Propolis is
an extremely complicated material which has many
biologically active compounds valuable to the human
organism. Most of these substances belong to the
fallowing groups flavonoids, diterpene, phenolic acids,
aromatic esters, alcohol-phenols, keto-phenols, coumarins,
lipid and wax, bio-elements, vitamins, proteins and other
compounds (Bankova et al. 2000, de Casrtro 2001,
Marcucci 1995). Propolis it contains many minerals and
trace elements, which concentration reflects the given
region abundance with these chemical elements (Conti
and Botrée 2001, Roman 1997). There is a close
correlation between the level of heavy metals
accumulation in soil and plants and their content in bee
products (Kabata-Pendias and Pendias 1999, Roman

1997, Rosa 2006, Roman 2009 and 2010). Therefore,
only selected portions of propolis collected from bee are
suitable for internal use by humans.

The aim of the study was to determine the accumulation
degree of chosen toxic elements (arsenic, cadmium,
copper, lead and zinc) in propolis collected from bee
colonies in Opole area. Can propolis be used as an additive
to food supplements?

MATERIAL A METHODOLOGY

The research material for the investigation were samples
of propolis originated from stationary apiaries situated in
Opole area. Material was collected from May-June to
August 2010. Propolis samples originated from 3 bee
colonies in 30 apiaries (n=3x30=90). The individual
samples were combined into one pooled sample weighting
about 30 g, representative for the particular apiary.
Propolis was collected directly from the hives, by scraping
down with a sharp instrument from their wooden elements
(walls and frames) to aclean plastic containers.
The received samples were homogenized by freezing,
fragmentation and mixing. The 2000 mg of material from
each sample was weighted (with precision of 0.1 mg) and
diluted with 20 ml of concentrated, spectrally pure, nitric
acid solution produced by Merck company. Next, samples
were mineralized using the microwave technique at an
elevated pressure in the chip-type MD-2000 station
manufactured by CEM-USA. Quantitative analysis of
studied elements were conducted using Varian ICP-AES
plasma spectrometer with mass detection controlled by
P-3202 computer cooperating with Philips Scientific
analytical combine (PU-7000 model), and CETAC-5000
AT ultrasonic nebulizer. Quantitative analysis were
conducted in Analytical Laboratory of Wroclaw University
of Environmental and Life Science (Poland). The one-way
analysis of variance (ANOVA) was performed to evaluate
differences among groups. Mean concentrations of

Volume 6

No. 2/2012



potravinarstvo

elements, standard deviations and correlations between
elements were calculated. Significance level was taken as
p<0.05 and p<0.01.

RESULTS AND DISCUSSION

Toxicological status of propolis fully reflects the harmful
compounds and toxic elements contamination of raw
materials and the environment. The concentration of some
toxic elements in the propolis samples is high
variability. Numerous authors draw an attention to the fact
that there is a high correlation between the concentration
level of minerals in bee products and their content in an
external environment (Barisic et al. 2002, Baycu
and Onal 1993, Conti and Botré 2001, Leita et al. 1996,
Rashed et al. 2009, Rosa 2006). Present study
demonstrated that propolis was contaminated with toxic
elements. This is confirmed by numerous research of other
authors, which showed high concentrations of heavy
metals in the propolis (Conti and Botré 2001, Cvek et al.
2008, Kulevanova et al. 1995) also claimed that propolis
is much more contaminated with heavy metals than any
other bee products. The study results are presented in
Table 1. Very high level in this product was observed in
the case of zinc, which averaged 55.79 mgkg® and in
individual samples ranged from 10.91 to 115.22 mgkg™.
The content of this element observed by Dogan et
al. (2006) in propolis samples from different regions of
Turkey was 176-676 mgkg™. Cvek et al. (2008)
demonstrated even the value of 9326 mgkg™. In turn, the
maximum  copper content was determined as
18.32 mgkg™, and the average was 8.94 mgkg™. Roman
(1997) observed several times higher concentration of that
metal in the propolis from the region of Glogéw which
ranged from 23.51 to 34.15 mgkg®, while Dogan et
al. (2006) received higher value in the propolis from
different regions of Turkey - an average of i.e. 45-96 mg
Cukg™. Lead is one of the most burdensome heavy metals
in the environment. Its concentration was also high in
propolis and reached an average level of 6.54 mgkg™
(maximum 18.29 mgkg™). In other studies, Roman (2000)
showed the mean level of lead concentration amounted to
18.39 mg Pbkg™ in the propolis from Glogoéw and from
Rudna area from 6.73-17.83 mgkg™ on average (Roman
2000). Similar results were obtained when examining the
mean concentration of this element in propolis from the
region of Opole (6.62-13.63 mgkg™). It can be thus
concluded that lead concentration in propolis was high and
relatively stable. The present study demonstrated that
arsenic content in propolis amounted to 0.698 mgkg™ on

average, and in individual samples ranged from 0.007 to
1.806 mg'kg™. The average concentration of arsenic should
be considered as a very high in the propolis. Very similar
results were shown by Roman (1997) in propolis
originating from the Opole and LGOM area, i.e. 0.561 and
0.670 mg'kg™, respectively. This is most likely the result of
a significant contamination of soils in the areas of
metallurgical and chemical industries and extensive urban
areas, where the accumulation of arsenic in the soil reaches
up to 2500 mgkg™ (Kulevanova et al. 1995). Generally,
the cadmium concentration in the examined bee product
was the smallest and was an average of 0.203 mgkg™.
However, the dispersion of results was very wide from
0.006 to 0.811 mgkg™. In earlier studies conducted by
Roman (1997), lower levels of cadmium, ranged from
0.043 to 0.116 mgkg®, were observed in propolis
originating from the region of the copper industry, but
significantly higher in the product coming from the region
of the cement industry - an average of 0.513 to
0.795 mgkg™. Moreover, Roman (2000) noted higher
cadmium content in the propolis from the Watbrzych
region (0.260 mgkg™).

The results of the present study and review of other
authors results allow to conclude unequivocally that the
level of toxic trace elements concentration in propolis
depends on the state of environmental pollution in the area
of the material sampling.

Only the copper average content in propolis did not
exceed the maximum allowable standards (Polish
Standard) (PN 1998), which is set at 10 mg.kg™. In case of
other elements mean values were significantly exceeded. It
demonstrates that bee products show significant
contamination level. Therefore, only selected portions of
propolis can be used to produce natural medicines and
dietary supplements for humans. Each lot of propolis
intended for that purpose must be subjected to
toxicological analysis.

CONCLUSION

In present study propolis has shown high contamination
level by toxic elements. Zinc, lead and arsenic showed the
highest level of concentration of studied elements in
relation to current standards. The sequence of
accumulation level of studied elements in propolis was as
follows: Zn>>Cu>Pb>As>Cd.

All portions of propolis should be subjected to
toxicological testing before applying these samples for

internal use as a dietary supplement.

Table 1 Concentration of chosen elements in bee propolis (N=90)

No. of sample Chemical elements (in mgkg™)
As Cd Cu Pb Zn

Minimum 0.007 0.006 1.09 0.39 10.91
Maximum 1.806 0.811 18.32 18.29 115.22
Average 0.698 # 0.203® 8.94°¢ 6.54 ° 55.79

SD 0.577 0.184 4.89 4.51 33.21

Variation coefficient in % 81.7 90.6 54.7 69.0 59.5
LOQ <0.001 <0.01 <0.01 <0.100 <0.001

A, B, C, D, E - differences between the elements assessed highly significant on a level of p<0.01
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PHYSICOCHEMICAL PROPERTIES OF STARCH-MALTODEXTRIN AND
STARCH-MALTODEXTRIN-GLUCOSE SYSTEMS

Joanna Sobolewska-Zielinska, Magdalena Grzelak, Teresa Fortuna

ABSTRACT

Starch is a widely used food additive. The addition of other ingredients changes the physical properties of resulting systems.
The aim of this study was to investigate the rheological characteristics and susceptibility to retrogradation of starch-
maltodextrin and starch-maltodextrin-glucose systems. Flow curves of 5% starch - maltodextrin and starch-maltodextrin-
glucose pastes were tested by using rotational rheometer. The susceptibility to retrogradation of 2% pastes starch-
maltodextrin and starch-maltodextrin-glucose systems by means of turbidimetric method was evaluated. It was found that
all samples (systems) were a non-Newtonian, pseudoplastic fluids, with tend to the yield stress. Moreover addition of low
and high DE maltodextrins and glucose to the starch caused a decrease in the values of shear stress throughout whole shear
rate range. Starch pastes with greater concentration of the maltodextrins had less tendency to retrogradation. Also addition

of glucose to starch-maltodextrin systems reduce the susceptibility to retrogradation.

Keywords: starch, maltodextrin, glucose, flow curves, retrogradation

INTRODUCTION

Both starch and maltodextrin have different functional
properties. Alone it creates pastes with specific properties.
However, by mixing the two substances, the obtained
product may have different physicochemical properties.
Maltodextrins are partially hydrolyzed starch products.
They are commonly characterized by their degree of
hydrolysis, expressed as the dextrose equivalent (DE),
which is the percentage of reducing sugar calculated as
dextrose on dry-weight basis (Marchal at al. 1999).
Starch and maltodextrin are commonly added to many
food products, because they give specific characteristics to
the final product, among others properties of stabilizers or
thickeners the product. Interaction of these mixtures with
other food ingredients are not exactly known, and
therefore this kind of research is carried out.
The aim of this study was to investigate the rheological
properties of starch systems with commercial low and high
DE maltodextrins and glucose.

MATERIAL A METHODOLOGY

The material consisted of potato starch (from ,,PEPPEES
S.A.” Lomza, Poland), low DE (DE=10,7) and high DE
(DE=23,9) maltodextrins (from ,,PEPPEES S.A.” Lomza,
Poland) and glucose (POCh Gliwice, Poland).
The study was carried out on systems: 90% S + 10% ML;
90% S + 10% MH; 80% S + 20% ML; 80% S + 20% MH;
70% S + 30% ML; 70% S + 30% MH; 89% S + 10% ML
+1% G; 89% S + 10% MH + 1% G; 79% S + 20% ML +
1% G; 79% S + 20% MH + 1% G; 69% S + 30% ML +
1% G; 69% S + 30% ML + 1% G, where S — mean starch,
ML — low DE maltodextrin, MH — high DE maltodextrin,
G- glucose and number- participation of component in
pastes.

In this paper the symbol MD labeled maltodextrin (low
and high DE together).

By means of turbidimetric method, according to
Jacobson (1997), the susceptibility to retrogradation of
2% pastes starch with maltodextrin and pastes starch-
maltodextrin-glucose was evaluated. The studies were
performed at 4 and 20°C.

The rheological measurements of the samples
(5% pastes) were carried out with the rotational rheometer
Rheolab MC1 (Physica, Germany). The coaxial cylinder
(cup diameter: 27,12 mm, bob diameter 25 mm) were used
as a measuring system. The flow curves at the temperature
50£1°C were obtained in the range of sheare rate from
1-500s™ by 3 minutes; next samples were obtained in
constans of sheare rate 500s™ by 2 minutes, and finally
pastes were obtained in the range of sheare rate from
500-1s by 3 minutes. The control of the rheometer were
carried out using US 200 software (Physica, Germany).

RESULTS AND DISCUSSION

Retrogradation of gelatinized starch is a reorganization
process which causes changes mainly in the structure of
amylose. This phenomenon is often unfavorable in the
food industry.

In this study differences in the initial turbidities of the
analysed systems S-MD and S-MD-G both in 4°C i 20°C
were observed. Higher the initial turbidities characterized
samples with content of maltodextrin low and high DE.
Samples containing 90% starch already on the 3rd day of
storage showed a significant increase in turbidance, which
subsequently continued to grow significantly during next
days. Until on 7" day it was observed a slight increase in
turbidance for samples with 20% and 30% maltodextrin
(fig.1.). In studies Sobolewska-Zielinska and Fortuna
(2010) it was concluded that the addition of low levels of
maltodextrins to food products may prevent the
retrogradation of starch to some extent.
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Figure 1 The susceptibility of systems S-ML and S-MH to retrogradation at 4°C
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Figure 2 The susceptibility of systems S-ML and S-MH with and without glucose to retrogradation at 4°C
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Figure 3 The susceptibility of systems S-ML and S-MH with and without glucose to retrogradation at 4°C and 20°C
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Figure 5 Flow curves of pastes starch with low and high DE maltodextrins and glucose

Addition of 1% glucose resulted in reduction of turbidance
of systems S-MD. The increase in turbidance on days 1-7
was not so fast as for samples without glucose. Turbidance
on the last day of the test (21 days) of samples with the
addition of glucose was also significantly lower than for
samples without additive glucose. This is shown in figure
2 for pastes of systems 89%S+10%MH+1%G and
89%S+10%ML+1%G. Studies of other authors indicate,
that sugars (glucose, fructose, maltose) inhibit
retrogradation of rice and potato starch (Chang & Liu
1991, Katsuta et al. 1992).

The most common flavors that are added to starch
products are sucrose, glucose, lactose or fructose. The
addition of these substances affects the viscoelastic
properties of starch. Viscoelasticity of starch pastes greatly

depends on the origin of starch, starch concentration and
kind of sweet substances (Hirashima at al. 2005). The
results of measurements of rheological properties of 5%
pastes S-MD and S-MD-S was shown in figure 4 and 5.
All tested pastes were non-Newtonian, pseudoplastic fluids
with yield stress. This character is typical of starch pastes,
which is confirmed by studies on natural starch and
modified starch (Al-Malah at al. 2000, Gruchala at al.
2000, Yoo & Yoo 2005). With the increasing participation
of low-DE and high DE maltodextrins in pastes S-MD
system shear stress values gradually decreased. The
highest values of shear stress at the maximum shear rateit
was observed for the system with the highest content of
starch 90%S+10%ML i 90%S+10%MH (fig. 4.). Systems
with the addition of ML and MH (in the same
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concentration) differed slightly from each other in the
whole range of shear rates.

Addition of 1% glucose contributed to the further
reduction of the shear stress for system S-ML and S-MH.
These conclusions are confirmed by the literature data
(Fortuna and Galkowska 2006). The lowest values of
this parameter in the whole range of shear rates were
observed  for samples  69%S+30ML+1%G and
69%S+30MH+1%G (fig.5.).

CONCLUSION

1. Starch pastes with greater percentage share of the
maltodextrins had less tendency to retrogradation.

2. Addition of glucose to starch-maltodextrin systems
slowed down the process of retrogradation.

3. The most susceptible to retrogradation S-MD and S-
MD-G pastes were these with the largest percentage of
share starch and stored at 4°C. The pastes stored at 20°C
did not reach as high turbidance as pastes stored at 4°C.

4, All tested samples were a non-Newtonian,
pseudoplastic fluids, with tend to the yield stress.

5. Addition of maltodextrins and glucose to the systems
caused a decrease in the values of shear stress throughout

whole shear rate range.
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ASSESSMENT OF FAT QUALITY DURING STORAGE CHICKEN MEAT

Jana Tkacova, Maria Angelovicova

ABSTRACT

The aim of study was assessment of fat quality in chicken meat during storage. The experiment verified the quality of fat as
the fat acid number. The experiment was performed on the final fattening type of chickens ROSS 308. Chickens were fed
by 2% lucerne meal in feed mixture. The carcass was stored in a freezer box at -18 °C after killing. Fat analysis was carried
out after 12 and 15 months of storage. Acid number after 12 months storage was ranged from 5.97 to 8.39 mg KOH.g™ fat,
after 15 months, was ranged from 3.26 to 7.80 mg KOH.g™ fat. The differences between values of acid number and storage
periods of chicken meat (12 and 15 months) was statistically significant (P < 0.05). The results indicate a tendency for
increased intensity fat the oxidation processes depending on storage length chicken meat. We recommend to assessment

other indicators of chemical changes for example peroxide value for confirmation the hypothesis.

Keywords: acid number, fat, storage, broiler chicken

UVOD

Produkcia a predaj jato¢nej hydiny ma na Slovensku
vzrastajuci trend, pricom v spotrebe sa zarad’uje hned za
bravéové miso (Benkova et al., 2005). Za hlavné akostné
znaky hydinového mésa sa povazuju jeho chemické
zloZzenie a pomer svalov k tuku v jato¢ne opracovanom
tele (MatuSovi¢ova, 1986). Tuk zohrava v méise dolezith
ulohu, nakolko je z hladiska senzorickych vlastnosti
vel'mi dolezity a je zdrojom mnohych aromatickych latok
ovplyviujtcich hlavne chut’ (Pipek, 2000).

Obsah lipidov v hydinovom mése zavisi najmid od
druhovej prislusnosti, ale tiez od veku, spdsobu vyzivy,
plemena, pohlavia, p6vodu anatomie svalov a pod.
(Benkova et al., 2005; Klima, 1996). Kvalitu hydinového
misa ovplyviluje genotyp zvierata, vyziva, vek,
chovatel'ské prostredie a rozne d’alSie extra a intravitalne
Cinitele (Has¢ik et al., 2005). Obsah a zloZenie tukov, ako
aj produkty ich metabolizmu ovplyviuju aromatické a
chutové vlastnosti méasa (Mottram, 1998). Tukové zlozky
vystupuji ako nosi¢ chute, priCom postaci iba 1-2 % z
celkovej hmotnosti, aby bola tato funkcia splnena
(Winkelmayer et al., 2005). Kuraci tuk, ako uvadza
Velisek (1999), obsahuje 27-30 % nasytenych mastnych
kyselin, 42-47 % mono- énovych mastnych kyselin
(nenasytené s jednou dvojitou vazbou) a 20-24 %
polyénovych mastnych kyselin (nenasytené s niekolkymi
dvojitymi vizbami). V depotnom tuku (tuk ukladajtci sa v
podkoznom tkanive a obalujuci vnatorné organy)
uzitkovych vtakov je obsah nasytenych mastnych kyselin
niz§i. Volné mastné kyseliny, ktoré vznikli hydrolyzou
lipidov za katalytického pdsobenia hydrolaz sa vyskytuju
v rastlinnych a Zzivoc¢iSnych organizmoch len v malom
mnozstve (VeliSek, 1999).

MATERIAL A METODY

Skupinovy kimny pokus sme uskutocnili na komercnej
hydinovej farme pre vykrm 24000 ks kuréiat na hlbokej
podstielke. Pre kimny pokus sme pouzili finalny hybrid

kurc¢iat Ross 308 urc¢eny na produkciu mésa. Na zaciatku
haly sme vy€lenili priestor pre umiestnenie 100 ks
jednodnovych kuréiat. Kurcatd boli kfmené 38 dni
komerénymi kimnymi zmesami, do Ktorych sme pouzili
2 % lucernovej mucky. Priprava kifmnych zmesi
v praskovej Struktare bola v silade so zakonom o kfmnych
zmesiach ¢. 440/2006 Z.z.. Kurcata skrmovali kimnu zmes
HYD-01 (Startérova) od 1. do 18. dina veku, HYD-02
(rastovu) od 19. do 31. dia veku a HYD-03 (finalnu)
od 32. do 38. dna veku ad libitum. Lucernova mucka
obsiahnutd v kifmnej zmesi bola vyrobend susenim a
mletim z vnate lucerny siatej (Medicago sativa), pricom
zber lucerny sa uskutocnil v §tadiu tvorby pukov.

Jato¢nt rozrabku sme uskuto¢nili na Katedre hodnotenia
surovin zivoc¢isneho povodu FBP SPU v Nitre. Jato¢né
tela hydiny sme uskladnili pri -18 °C a zabalili do
mikroténovych obalov. Analyzy sme vykonali po
12 mesiacoch a 15 mesiacoch skladovania, kde vzorka
pre analyzu bola zlozena z rovnakého podielu prsnej
astehnovej svaloviny a priblizne z 1 cm? koze
s podkoznym tukom. Vzorky médsa aj s kozou
a podkoznym tukom sme najprv vysusili, z ktorych sme
nasledne vyextrahovali tuk pomocou pristroja Det Gras N
Selecta P. Ztakto ziskaného tuku sme stanovili &islo
kyslosti.

Cislo kyslosti tuku sme stanovili po rozpusteni extraktu -
tuku v zmesi etanol-dietyléter v pomere 1:1
alkalimetrickou titraciou na fenolftalein. Extrakénti banku
s vyextrahovanym tukom sme mierne zahriali a tuk sme
rozpustili v 25 ml zmesi etanol-dietyléter. Obsah
extrakénej banky sme po pridani niekolkych kvapiek
indikatora titrovali odmernym roztokom hydroxidu
draselného az do vzniku slaboruzového sfarbenia
titrovaného roztoku. Cislo kyslosti tuku sme vyjadrili ako
spotrebu mg KOH.g™.

Matematicko-statistické vyhodnotenie vysledkov sme
vykonali v programe SAS, kde sme sledovali zakladné
matematické  charakteristiky  (aritmeticky  priemer,

Volume 6

No. 2/2012



potravinarstvo

smerodajnii odchylku, variany koeficient) a na urcenie
preukaznosti rozdielov sme pouzili t-test.

VYSLEDKY A DISKUSIA

Hodnoty ¢isla kyslosti boli po 12 mesiacoch uskladnenia
V rozpiti 5,97 a7 8,39 mg KOH.g" tuku. Po dalsich troch
mesiacoch, tj. po 15 mesiacoch skladovania mésa sme
znova vykonali analyzu tuku, kde sme zistili ¢islo kyslosti
v rozpiti 3,26 az 7,80 mg KOH.g™ tuku.

Priemernd hodnota ¢isla Kkyslosti tuku v zavislosti od
doby skladovania sa pohybovala pri 12 mesiacoch
skladovania kuréacieho midsa pri teplote -18°C od
usmrtenia kurdiat na urovni 7,06 mg KOH.g* a o tri
mesiace neskor, tj. po 15 mesiacoch skladovania
kur¢acieho mésa pri -18 °C od usmrtenia kurciat bolo ¢islo
kyslosti tukov 5,26 mg KOH.g™.

mg KOH.g™
706
8 526
6
4 012 mesiacov
)
) i @15 mesiacov
0 > -

Obr. 1 Priemerné &islo kyslosti tuku v zavislosti od doby
skladovania mésa ( mg KOH.g™ tuku)

Na zaklade vysledkov Statistickej charakteristiky sme
zistili nizSie kolisanie hodnoét Cisla kyslosti tuku pri
dobe skladovania kurCacieho mésa od usmrtenia kurciat
12 mesiacov (s = 0,89 mg KOH.g™" a vi= 12,55 %) oproti
hodnotam ¢isla kyslosti tuku pri dobe skladovania
kurCacieho misa 15 mesiacov od usmrtenia brojlerovych
kurciat (s = 1,77 mg KOH.g" avi = 33,57 %). Rozdiel
v hodnotach &isla kyslosti medzi dizkou skladovania
kuréacieho midsa 12 al5 mesiacov pri -18 °C bol
Statisticky preukazny ( P<0,05.

Volné mastné kyseliny vznikaju  sekundarnym
enzymatickym  Stiepenim  triacylglycerolov, ktorych
mnozstvo byva vysSie v tukoch z nevhodne skladovanych
a manipulovanych surovin (Koman et al., 1989).

Houska et al. (1956) uvadzaju, Zze kuraci tuk obsahuje
35-38 % kyseliny olejovej, 25-30 % kyseliny palmitovej,
20-22 % kyseliny linolovej, 6-8 % kyseliny palmitolejovej,
5-7 % kyseliny stearovej a v malom mnozstve kyselinu
myristovil. Naproti tomuto tvrdeniu uvadza obsah
mastnych kyselin VeliSek (1999) nasledovne: kyselina
laurovda 0,1 %, kyselina myristova 0,9 %, kyselina

palmitova 22 %, kyselina palmitoolejova 6 %, kyselina
stearovd 6 %, kyselina olejova 37 %, kyselina linolova
20 %, kyselina linolenova 1 %, kyselina eikosenova 1 %.
Uvedené podiely uvadza z celkového mnozstva mastnych
kyselin.

Hydrolyza prebicha TahSie v tukoch, ktoré obsahuju
nenasytené mastné kyseliny a mastné kyseliny s kratkym
retazcom (Choe a Min, 2007), pri¢om kuraci tuk podla
Veliska (1999) obsahuje 62 az 71 % nenasytenych kyselin.

Hydrolyticka degradacia tukovej zlozky je prezentovana
vo vseobecnosti vy$$imi hodnotami Cisla kyslosti tukov
(Sopkova et al., 2007).

Cislo kyslosti tuku poukazuje na mnozstvo latok kyslej
povahy, prevazne vol'nych karboxylovych kyselin.

Pri skladovacich teplotach dochadza k zmenam prakticky
iba pri nenasytenych mastnych kyselinach (Min et al.,
1989).

Karboxyl volnych mastnych kyselin méze urychlovat
rozklad hydroperoxidov a mdze reagovat’ s niektorymi
oxidaénymi produktmi. Pri skladovani alebo spracovani
potravin su vytvorené také podmienky, ktoré umoziiuju
autooxidaciu mastnych kyselin. Pri beznych teplotach so
vzdusnym kyslikom oxiduju iba nenasytené mastné
kyseliny. Pri nenasytenych mastnych kyselinach je
odstiepenie vodiku pomerne Tlahké, aspoit vodika
z metylovej skupiny, ktora susedi s dvojitou vizbou. Este
menej energie je potrebnej k odstiepeniu  vodika
z diénovych atriénovych mastnych kyselin (Velisek,
1999).

Rychlost’ oxidacie je dana stupiiom nenasytenosti retazca
mastnych kyselin. Kyselina linolova je oxidovana 64krat
rychlejSie ako kyselina olejova a oxidacia kyseliny
linolenovej prebieha az 100krat rychlejsie ako pri kyseline
olejovej (Allen a Hamilton, 1994).

Vynos MP SR a MZ SR &. 1895/2004-100, ktorym sa
vydava hlava Potravinového kodexu Slovenskej republiky
upravujuca misoveé vyrobky iba definuje pojem tukové
tkanivo, pricom je to tkanivo obsahujuce tuk, ktoré je
oddelené od misa alebo pochadza z telovych dutin
jatocnych zvierat a hydiny, ale nie z Criev a okruzia. Zakon
vSak nestanovuje jeho kvalitativne parametre.

Nariadenie vlady ¢. 286/2003 o poziadavkach v zaujme
ochrany zdravia ludi pri vyrobe a uvadzani na trh
misovych vyrobkov a wur€itych ostatnych produktov
zivoc¢isneho podvodu, resp. Nariadenie eurdpskeho
parlamentu a rady (ES) ¢. 853/2004, ktorym sa ustanovuju
osobitné hygienické predpisy pre potraviny ZzivociSneho
povodu riesi obsah vol'nych mastnych kyselin Skvareného
zivocisneho tuku (hoviadzi loj, brav€ova mast’, ostatné ziv.
tuky).

Napriek tymto legislativnym upravam, ani jedna
nepojednava o Cisle kyslosti tuku hydinového méisa ¢i uz
v Cerstvom alebo mrazenom stave.

TabuPka 1 Cislo kyslosti v zavislosti od doby skladovania mésa (mg KOH.g™ tuku)

Doba skladovania 1. vzorka 2. vzorka 3. vzorka 4. vzorka 5. vzorka 6. vzorka

12 mesiacov 6,22 7,55 5,97 8,39 7,22 7,02

15 mesiacov 3,26 4,0 7,8 4,97 4,56 6,99
Volume 6 58 No. 2/2012




potravinarstvo

TabuPka 2 Matematicko-$tatistické vyhodnotenie cisla
kyslosti tuku v zavislosti od doby skladovania médsa

Skupina n s Vi t-test
P0,05

12 mesiacov | 6 0,89 12,55
' 2,23"

15 mesiacov | 6 1,77 33,57

n — pocetnost, s — smerodajna odchylka, vy — variacny
koeficient, t-test: “P<0,05

ZAVER

Na zéklade vysledkov experimentu mozeme konStatovat’,
ze po 12 mesiacoch skladovania kurCaciecho mésa pri
-18 °C bola hodnota ¢&isla kyslosti tukov 7,06 mg KOH.g™
a po 15 mesiacoch skladovania mésa 5,26 mg KOH.g'1.
Z vysledkov je mozné predpokladat’ tendenciu zvySenia
intenzity oxida¢nych procesov tuku v zavislosti od dizky
skladovania kuréacieho mésa.

Pre potvrdeniec vyslovenej hypotézy odporacame
sledovanie aj dalSich ukazovatelov chemickych zmien
tuku vratane peroxidového C¢isla, resp. TBA a tiez
sledovanie ¢isla kyslosti po dlh§om skladovani.
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OCCURRENCE OF SOME PATHOGENITY FACTORS IN COAGULASE
NEGATIVE STAPHYLOCOCCI ISOLATED FROM MASTITIS MILK IN DAIRY
COWS

Milan Vasil’, Juraj Elecko, Frantisek Zigo, Zuzana FarkaSova

ABSTRACT

Experiment we carried out on the herd of 115 Slovak Pied dairy cows. Were realized three collections of individual milk
samples for isolation and identification of coagulase-negative staphylococci (CNS). We collected 341 milk samples.
Coagulase-negative staphylococci were isolated in 18.8 % (64). Highest number of CNS we isolated from acute,
subclinical, subacute and latent forms of mastitis, respectively. S. warneri (2.88 %), S. chromogenes (17.19 %), S. cohnii
(15.63 %) and S. xylosus (14.06 %) was isolated in highest percentage. Was detected presence of 7 virulence factors,
include production of staphylococcal enterotoxins, and resistance for antibiotics. S. chromogenes, S. warneri and S. xylosus
were detected as most virulent species carrying most virulence factors, and were resistant for most species of tested
antibiotics (S. xylosus resistant for N, NV, L, P, E; S. chromogenes, S. sciuri for 4 species of antibiotics). There pathogens
were isolated from acute forms of mastitis. This work resulted, that CNS with some virulence factors and multiple

resistance, are very important in pathogenesis of mastitis in dairy cows.

Keywords: mastitis, dairy cows, coagulase negative staphylococci, virulence factors

UVOoD

Koagulaza negativne stafylokoky (KNS) su povazované
za minoritné patogény pri mastitidach dojnic, avsak
pribuidaju prace autorov, ktori zdéraznuju ich vyznam pri
vzniku zapalov mlieCnej zlazy (Pyoridld & Taponen,
2009; Capla et al., 2008; Zajac et al.,, 2004; Zajac
etal., 2008). K rozsireniu ich vyskytu v chovoch dojnic
dochadza po redukcii vyskytu hlavnych patogénov, pricom
sa uplatiuju tie KNS, ktoré sa vyznacuju zvySenou
rezistenciou vo¢i beZzne pouzivanym antibiotikam
a dezinfekénym latkam (Moniri et al., 2007). V porovnani
so S. aureus maji KNS spravidla nizSie zastipenie
faktorov virulencie, avSak ich podstatnym faktorom
patogenity je produkcia biofilmu (Otto, 2005). Melchior
et al., (2006) udavaju, ze nie len S. epidermidis, ale aj iné
druhy dokadzu vzdorovat uplatiovanym postupom
dezinfekcie a sanitacie. Okrem toho vo svojej Stadii
Nascimento et al. (2005) potvrdili u S. epidemidis,
S. saprophyticus, S. hominis a S. aerletae, ktoré izolovali
z mastitid krav aj schopnost produkovat niektoré z
bakteriocinov. Haveri et al. (2008) povazuju schopnost’
tvorit’ stafylokokové enterotoxiny za dolezity faktor
virulencie, ktory je zodpovedny za vznik klinickych
mastitid. Podla dalSich prac k vyznamnym faktorom
virulencie patri produkcia hemolyzinov, leukocidinu,
termonukleazy, hyaluronidazy a lipdzy (Kuroda et al.,
2007). Avsak, ziaden z faktorov alebo ich kombinacia
neboli doteraz v patogenéze mastitid jednoznacne
oznacené ako rozhodujice (Ebrahimi et al., 2009).
Cielom prace bolo sledovat’ vyskyt druhov koaguldza
negativnych stafylokokov pri jednotlivych formach
mastitid dojnic a pritomnost’ ich vybranych faktorov
patogenity podmienujucich intenzitu zapalu.

MATERIAL A METODY

Pocas roka boli uskutoénené 3 komplexné vySetrenia
(klinické vySetrenie vemena, vySetrenia mlieka NK—testom
a bakteriologické vysetrenie) v stade 115 dojnic (plemena
slovensky strakaty dobytok). Z 341 individualnych vzoriek
mlieka bolo 65,6 % (229) pozitivnych. Celkom 64 (18,8
%) baktérii Staphylococcus spp. sposobovalo rézne formy
mastitid dojnic. Baktérie Staphylococcus spp. sme
identifikovali (setom STAPHYtest 24, Pliva-Lachema,
Brno, CR), vysetrili na pritomnost’ vybranych faktorov
virulencie (tvorbu hemolyzinov a, f, 3, DNA-zy,
zelatinazy a biofilmu) a génov kodujucich stafylokokové
enterotoxiny (sea, seb, sec, sed, see) metodou PCR. DNA
bola separovanad QiAMP tissue kit-om (QIAGEM, Hilden,
Germany). Pre PCR met6du boli pouzité referencné kmene
produkujtce typ SEA az SEE (Bergdoll; CNCTC, Brno) a
komer¢né oligonukleotidové primery. Kmene
s potvrdenym génom sme testovali na produkciu SE in
vitro (stpravou Ridascreen ® Set A,B,C,D,E, R-Biopharm
AG, Darmstadt, Nemecko).  VSetky  baktérie
Staphylococcus spp. boli in vitro otestované na citlivost’
vo¢i 14 antibiotikdim na Mueller-Hinton agare diskovou
metddou (NCCLS, 2002). Koncentracie antibiotik Vv
diskoch: Ampicilin (10 pg); Amoxycilin (25 pg);
Cloxacilin (5 pg); Cefaperazone (30 pg) Erythromycin
(10 pg); Linkomycin (15 pg); Neomycin (10 pnug);
Novobiocin (5 ng); Penicillin (10 U ); Streptomycin (10
png); Ampicilin/Sulbactam (10pg); Oxacilin (5 pg); ;
Cephalotin (30 pg)  Tetracyklin (10 pg) (Oxoid,
Anglicko). Baktérie boli nasledne posudzované ako
rezistentné, citlivé alebo s medzihrani¢nou citlivostou
podla referenénych zon uvadzanych vyrobcom diskov.
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VYSLEDKY A DISKUSIA

V ramci troch vySetreni stada 115 dojnic, celkovy
bakteriologicky ndlez vySetreni 341 individudlnych
vzoriek mlieka predstavoval 65,6 % (229). Koagulaza
negativne stafylokoky (KNS) mali podstatné zastupenie
18,8 % (64). Celkové vysledky experimentu su uvedené
v tabul’ke. Bolo izolovanych 12 druhov KNS, pricom ako
najpodetnejsie druhy boli zaznamenané: S. warneri (21.88
%), S. chromogenes (17.19 %), S. cohnii (15.63 %) a
S. xylosus (14.06 %).

Podiel jednotlivych KNS na formach mastitid bol znacne
rozdielny. Najviac sa vyskytovali pripady akttnej
mastitidy (29), ktora bola sposobena hlavne S. cohnii (7),
S. warneri aS. xylosus (5). Subakutna bola zistena v 13
pripadoch a spdsobenda v prevaznej miere S. chromogenes
(5) a S. warneri (4). Pri subklinickej forme mastitidy (14)
boli prevazne izolované S. xylosus (4) aS. warneri (3).
Na latentnych mastitidach (8) sa podiel'ali S. warneri a
S. haemolyticus (2). Pre porovnanie naSich vysledkov
Pyorild & Taponen (2009) uvadzaji S. simulans a

Table 1 Podiel koagulaza negativnych stafylokokov (n = 64) na jednotlivych formach mastitid dojnic a vyskyt

sledovanych faktorov virulencie

Izolacia KNS z mastitid

Vybrané faktory virulencie

druhy status’  lyziny* DN® zel.* biof  SE®  seq’ I r;;:is;ie:t?{(aélms
AK ) - - - - - OXANV,P
S.capitis (3) SBAK ) - - - - - NV,P
SBKL - - - - - AML,NV,P
AK 7 35 - - 2 - - 2 0OXA,6P,5NV,
. SBAK ) - - 1 - - NV,P,TE
S.cohni (10)
SBKL - - - - - AML,P,S
LAT ) - - 1 - - E,NV,P
AK ) - - - - - S
S.epidermidis (3) SBKL - - 1 - -
SBKL ) - - 1 - - S
AK ) - - 1 - - AMP,P,S
S.haemolyticus (3) LAT B+6 - - 1 - - P.S,
LAT - - - 1 - - N,P,S
S.hyicus LAT - 1 1 - - - N,P,S,
AK 4 - 2 3 3 - sec NV,2N, 2S,2P
S'Chr‘zgnlc;ge“es SBAK 5 5 5 1 4  SEB  seb 25,
SBKL 2 1 1 2 - seb E,N,P,S
S.lentus AK - - 1 - - NV,P,S
o AK 1 - 1 - - AML, P
S.plsmf%rmentas SBAK Bt _ _ 1 _ _ L
@) SBKL ) - - 1 - - L,
L. AK ) - - 1 - - N, NV, P, S
S.sciuri (2)
LAT - - 1 - - OXANV,P
AK 2 - - - 1 - - 2NV, P, S
S.witulinus (4)  SBAK - - - 1 - - NV,S,
LAT - - - 1 - - NV,
AK 5 4 B+ - - 3 SEA sea P,3S
. SBAK 4 5;p+6 - - 1 - - AML,P,3S,
S.warneri (14)
SBKL 3 2 B+ 1 - 2 SEE see P, S
LAT 2 B+d 1 - 1 - - S,
AK 5 ) - - 5 - - N,5NV,2L,P, E
S.xylosus (9)
SBKL 4 5;p+d - - 3 SEB;C seb;c 2E,4NV, 4P, S

. mastitida akitna (AK); subakiitna (SBAK); subklinickd (SBKL); latentnd (LAT); % - lyziny (0;B;3);

®_ DNAza; * Zelatinaza; 5 _ biofilm;

® - stafylokokovy enterotoxin; '- gén pre SE;

8. AMP ampicilin, AMO amoxicilin, OXA oxacilin, N neomycin, NV novobiocin, L linkomycin, P penicilin,

S streptomycin, E erytromycin, TE tetracyklin
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S. chromogenes  ako dominantné druhy KNS pri
mastitidach  dojnic. KNS  boli pri¢inou hlavne
subklinickych mastitid spojenych so zvySenim poctu
somatickych buniek v mlieku a rezistencia u nich bola
zaznamenana hlavne voci penicilinu

Co sa tyka jednotlivych faktorov virulencie, spolo¢na
produkcia lyzinov B a § bola zaznamenana v 12 pripadoch,
samostatny lyzin & v 23 pripadoch. Produkcia DNAzy
a zelatinazy bola zistend uS. hyicus, S. chromogenes
aprodukcia iba DNAzy vjednom pripade u
S. piscifermentas, pochadzajuceho z akutnej mastitidy a v
2 pripadoch S. warneri zo subklinickej a latentnej
mastitidy. Produkcia resp. tvorba biofilmu bola zistend
u52 izolatoch, pritom uS. capitis aS. hyicus nebola
tvorba biofilmu detekovana. Baktérie S. chromogenes mali
najpocetnejsie zastupenie faktorov virulencie: produkcia
zelatindzy bola zistena v 4 pripadoch, produkcia DNAzy
v 8 a tvorba biofilmu v 9 pripadoch. Taktiez u S. warneri
(7) a S. xylosus (8) bola zistena tvorba biofilmu vo vicsej
miere Vv porovnani s ostatnymi izolovanymi druhmi
stafylokokov, rovnako aj produkcia lyzinov 6 a@d.
Melchior et al. (2006) pri $tadiu kmenov S. aureus
izolovanych z mastitid dojnic uvadzajt, ze rezistencia voéi
antibiotikim bola viac frekventovanym faktorom
virulencie ako tvorba biofilmu. ZvySena produkcia
biofilmu bola zjavnd ukmeiiov z opakovanych
a chronickych pripadov mastitid. Otto (2004) oznacuje
produkciu biofilmu za wurcujuci faktor patogenity
S. epidermidis pri nemocni¢nych nakazach.

Podiel KNS produkujtcich najviac faktorov virulencie na
jednotlivych formach mastitid nie je jednoznacny,
najvirulentnej$i kmeni S. chromogenes sposoboval najviac
pripadov  subakitnej, dalej akhtnej a subklinickej
mastitidy. S. warneri bol izolovany pri vSetkych formach
mastitidy, S. xylosus pri akdtnych a subakitnych
mastitidach.

Produkcia stafylokokovych enterotoxinov (SE) resp.
pritomnost’ génov pre produkciu SE ako d’alSieho faktora
virulencie bola zistend u3 druhov KNS ato
S. chromogenes, S. warneri aS. xylosus, ktoré sucasne
produkovali aj ostatné vysSie spomenuté faktory.
U S. chromogenes bola potvrdena pritomnost génov pre
produkciu SE ato sec a 2 seb, pricom kmene pochadzali
zroznych foriem mastitid. U kmetiov S. warneri bol
potvrdeny gén sea a see, resp. u S. xylosus seb a sec, ktoré
pochadzali z akatnej a subklinickej mastitidy. Samotna
produkcia SE  bola zistenda vjednom pripade
S. chromogenes (SEB) zo subaktitnej mastitidy; S. warneri
v 2 pripadoch - SEA pri akuttnej a SEE pri subklinickej
mastitide arovnako v 2 pripadoch uS. xylosus - SEB
a SEC zo subklinickych mastitid.

U v8etkych izolovanych stafylokokov bola testovana in
Vvitro rezistencia vo¢i antibiotikam, pricom len v jednom
pripade S. epidermidis nebola zistena rezistencia ani voci
jednému ztestovanym antibiotik. Dalsie 2 kmene
S. epidermidis boli rezistentné len vo¢i streptomycinu,
rovnako 1 kmefi S. warneri. Rezistencia vo¢i jednému
antibiotiku bola dalej zistena uS. vitulinius ato voci
novobiocinu a uS. piscifermentas voci linkomycinu.
Najvyssia rezistencia bola zaznamenana voc¢i penicilinu
(30), novobiocinu  (27)  astreptomycinu  (21).
Ako najrezistentnej$ie kmene sa javia S. Xylosus, kde
kmene izolované z akatnych mastitid boli rezistentné voci

5 antibiotikaim (N, NV, L, P, E) a kmene zo subklinickej
mastitidy vo¢i 4 druhom (E, NV, P, S). Rovnako voci
4 testovanym antibiotikim boli rezistentné druhy
S. chromogenes (Nv, N, S, P) aS. sciuri (N, NV, P, S),
vSetko kmene pochddzajuce z akttnych mastitid.

ZAVER

Koagulaza negativne stafylokoky boli v nasom
experimente izolované v pomerne vysokom percente
18,8 %, Co prestavuje 64 kmenov patriacich do 12
izolovanych druhov KNS. Druhy S. chromogenes,
S. warneri a S. xylosus izolované z klinickych pripadov
mastitid (akatnych, subakatnych) vykazali najvyssi stupeni
patogenity,  produkovali viacero faktorov virulencie
(lyziny, DNAza, zelatindza, biofilm), vykazali pritomnost’
génov pre produkciu SE, ale aj produkciu SE. Baktérie
Staphylococcus  spp.  vykazujuce najvy$8i  stupeii
rezistencie boli izolované z akutnych mastitid. Mozeme
konstatovat, Ze akutne a subakitne mastitidy spdsobuju
prevazne baktériec KNS s najvy$$im stupfiom patogenity
(t.j. produkciou viacerych faktorov virulencie) rovnako
ako pri S. aureus.
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QUALITY AND SAFETY OF RAW COW’S MILK IN SLOVAKIA IN 2011

Peter Zajic, Martin Tomdska, Anna Murdrovd, Jozef Capla, Jozef Curlej

ABSTRACT

The quality and safety of raw cow’s milk is very important for dairy companies and consumers of milk products. Due to the
methods of production, it is impossible to completely eliminate contamination of milk with microorganisms, therefore the
microbial content of milk is a major feature in determining its quality. Other important factors to consider include somatic
cells count, veterinary drug residues, milk composition and freezing point. Somatic cells represent the udder health and can
be used for monitoring of subclinical mastitis. A high level of somatic cells can increase proteolysis in milk which affects
technological processes. Veterinary drugs administered to cows may lead to residues in the milk which are harmful to
humans. The content of fat, protein and solids-non-fat are the main indicators used by dairies for technological purposes. In
this article we discuss the quality and safety of raw cow’s milk in Slovakia during 2011. We found that 73.53% of samples
tested for somatic cell count, and 84.54% of samples tested for total bacterial count, met the European Union legislation
limits. We found the largest decrease in fat and protein content was during the summer period and the largest increase was
in the winter period. We found that 92.14 %, 98.7% and 91.38% of samples met the limit presented in STN 570529:1999
for fat content, protein content and freezing point respectively. The percentage of drug positive samples was 0.087%.

Keywords: raw cow’s milk, total bacterial count, somatic cell count, fat, protein, solids-not-fat, freezing point, drug residue

INTRODUCTION

Cow’s milk has long been considered a highly nutritious
and valuable human food and is consumed daily by
millions, in a variety of different products. Due to the
importance of milk in the human diet, it is essential to
increase milk production and to improve its quality
(Déanut et al., 2011). Milk has been called nature’s most
complete food (Ataro et al., 2008; Park, 2009). Milk is
more than a source of nutrients for any mammalian
neonate, as it is also important for the growth of children
and nourishment of adults. Aside from the nutritional
values of milk, milk borne biologically active compounds,
such as casein and whey proteins, have been found to be
increasingly important for physiological and biochemical
functions that have crucial impacts on human metabolism
and health (Gobbetti et al., 2007; Korhonen and
Pihlanto-Leppild, 2004). Four major areas of bioactivity
of milk components have been categorised: 1)
gastrointestinal development, activity and function; 2)
infant development; 3) immunological development and
function; and 4) microbial activity, including antibiotic and
probiotic action (Gobbetti et al., 2007; Park, 2009).

Its nutrient composition makes milk an ideal medium for
bacterial growth and therefore it can be considered one of
the most perishable agricultural products because it can so
easily be contaminated (Bryan, 1983). Raw cow and sheep
milk may contain microorganisms which can cause food
borne diseases (Adesiyun et al., 1995; Steele et al., 1997,
Headrick et al., 1998, Dudrikova et al., 2010, Fabianova
et al., 2011, PoPakova et al., 2011, Zigo et al., 2011).
Because of the specific methods of production, it is
impossible to avoid contamination of milk with
microorganisms. The microbial content of milk is a major

feature in determining its quality (HUI, 1993, Chandan,
2008; Tamine 2009). It has been stated that the number,
and type, of microorganisms in milk immediately after
milking, are affected by factors such as, animal and
equipment cleanliness, the season, feed and animal health.
Bacterial contamination of raw milk can originate from
different sources: the air, milking equipment, feed, soil,
faeces or grass (Coorevits et al., 2008). The occurrence of
mastitis in dairy farms depends on three biosystems: dairy
cows, the environment and microorganisms. Application
of antimastitis programs is very important (Pukacova
et al., 2010).

Deficiency in the nutrition of dairy cows may influence
many biochemical and physiological processes, as well as
milk composition (Filipejova et al., 2011).

Physicochemical and microbiological analyses are an
important tool to monitor the quality of food products
(Hettinga et al., 2008). Monitoring the quality and safety
of milk requires careful analysis of microbial and somatic
cell loading (Gunasekera et al., 2003). Biological
monitoring of raw milk, which involves analysis of
microbial and somatic cells, is essential for milk and dairy
quality assurance. Milk microbiology impacts on issues
such as the shelf life of dairy products, as well as on
determination of the type of product for which raw milk is
to be used (Muir, 1996). A high biological count in raw
milk alerts the dairy processor to possible problems with
product safety (Serhaug and Stepaniak, 1997).

Poor milk hygiene, and more specifically high somatic
cell counts (SCC), also have implications on the structure
of milk, its processing value, shelf life and edible food loss
(Barbano et al.,, 2006), and indirectly on consumer
concerns with regard to human health, bacterial
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contamination and antimicrobial residues (Ruegg and
Tabone, 2000; Saville et al., 2000; Jayarao and

Henning, 2001; Hogan, 2005; Straley et al., 2006).

Several studies have implicated high SCC as a causative
factor in the reduced shelf life of fluid milk (Ma et al.,
2000), as well as reduced cheese yield and quality
(Kitchen, 1981; Munro et al., 1984; Barbano et al.,
1991).

Herds with higher SCC exhibit an increased risk of
antibiotic residue violation because of their increased
antibiotic usage, owing to the greater prevalence of
subclinical mastitis (Ruegg and Tabone, 2000).

In addition, elevated SCC is associated with lower milk
yields, resulting in potential losses in income. Hence,
monitoring and control of SCC at a national level, as well
as on an individual farm basis, is necessary to identify and
monitor trends. It is also a fundamental resource for
quality assurance programs (Berry et al., 2006).

The European Union currently imposes a regulatory limit
of 400,000 somatic cells/ml and 100,000 bacterial cells/ml
(Commission Regulation (EC) No 1662/2006 of 6
November 2006 amending Regulation (EC) No
853/2004).

Milk composition varies considerably throughout the
seasons, as shown in multiple studies (Auldist et al., 1998;
Lindmark-Mansson et al., 2003; Lock and
Garnsworthy, 2003).

The composition of raw milk determines, to a large
extent, the nutritional value and the technological
properties of milk and dairy products. Therefore, the
composition of milk is of great importance for the dairy
industry and there is great interest in changing the
composition of milk. The composition of milk varies due
to the stage of lactation, feeding, health status of the cow
and genetic factors (Fox and McSweeney 1998).

The production of high quality milk, and keeping the
herd in good health, are the main objectives in primary
milk production (Janstova et al., 2011).

MATERIAL AND METHODOLOGY

Raw cow’s milk

Samples of raw cow’s milk were collected from
individual dairy farms in Slovakia by trained personnel of
dairy companies, according to the standard 1SO 707:2008
and stored until analysed in a fridge at 0 - 4 °C.

Samples were analysed in laboratories accredited
according to 1SO17025:2005 (general requirements for the
competence of testing and calibration laboratories):

- EXAMINALA, Dairy Research Institute, Dlha 95,

010 01 Zilina, Slovakia,

- Milex Progres a.s.,
Bratislava, Slovakia,

- State Veterinary and Food Institute Bratislava,
Detached testing Laboratory, Akademicka 3, Nitra,
National Reference Laboratory for Milk and Milk
Products

Laboratory methods

Determination of milk composition

STN 57 0536 (1.4.1995) - Determination of milk
composition with infrared absorption analyser.

Determination of somatic cells

Benadicka 13, 851 06,

ISO 13366-2:2006 Milk - Enumeration of somatic cells -
Part 2: Guidance on the operation of fluoro-opto-electronic
counters.

Determination of total bacterial counts

ISO 4833:2003 Microbiology of food and animal feeding
stuffs - Horizontal method for the enumeration of
microorganisms - Colony-count technique at 30 °C.

ISO 7218:2007 Microbiology of food and animal feeding
stuffs - General requirements and guidance for
microbiological examinations.

ISO 6887-1:1999 Microbiology of food and animal
feeding stuffs - Preparation of test samples, initial
suspension and decimal dilutions for microbiological
examination - Part 1: General rules for the preparation of
the initial suspension and decimal dilutions.

ISO 6887-5:2010 Microbiology of food and animal
feeding stuffs - Preparation of test samples, initial
suspension and decimal dilutions for microbiological
examination - Part 5: Specific rules for the preparation of
milk and milk products.

Determination of freezing point
ISO 5764:2009 Milk - Determination of freezing point -
Thermistor cryoscope method (Reference method).

Determination of drug residues

STN 570531:2001 - Identification and determination of
antibiotics and sulphonamides in raw milk and heat-treated
milk.

Testing period
Samples were collected and analysed during the year
2011.

Number of samples

The total number of samples analysed during the testing
period was different according to tested analyte.
We analysed 19,830 samples for total bacterial counts,
24,457 samples for somatic cell count, 24,260 samples for
milk composition, 15,453 samples for freezing point and
19,475 samples for drug residues.

Evaluation of the results

Evaluation of the results was performed according to the
limits specified in European Union legislation and Slovak
technical standards:

Commission Regulation (EC) No 1662/2006 of 6
November 2006 amending Regulation (EC) No 853/2004
of the European Parliament and of the Council laying
down specific hygiene rules for food of animal origin.

STN 570529:1999 Raw cow’s milk to dairy processing
and treatment.

RESULTS AND DISCUSSION

The number of analysed samples and results of bulk
cow’s milk collected from dairy farms in Slovakia in 2011
are presented in the tables and figures. Results of the
determination of total bacterial count (TBC), and somatic
cell count (SCC), in bulk raw cow’s milk are presented in
Table 1, Figure 1 and Figure 2. Results of determination
fat content, protein content, lactose content and solids-not-
fat content in bulk raw cow’s milk are presented in Table 2
and Figures 3 - 6. Results of determination of freezing
point and drug residues in bulk raw cow’s milk are
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presented in Table 3 and Figures 7 - 8. Results of categories according to legislation limits and requirements
individual indicators of quality and safety, divided into of standard are presented in Figures 9 - 14.

Table 1 Results of determination total bacterial count (TBC) and somatic cells count (SCC) in bulk raw cow’s milk in Slovakia in
2011

Year 2011 TBC TBC TBC TBC SCC SCC SCC SCC/ml
< 50,000 51,000 - CFU/mI < 300,000 301,000-  (average)
/ml 100,000 (average) /ml 400,000
/ml /ml

January No. of samples 1,641 1,228 206 63,000 1,977 1,137 356 315,000
% - 74.8 % 12.6 % - - 57.5% 18.0 % -

February No. of samples 1,653 1,249 215 58,500 2,025 1,127 432 324,000
% - 75.6 % 13.0% - - 55.7 % 213 % -

March No. of samples 1,692 1,221 176 7,1000 2,086 1,048 476 343,000
% - 72.2 % 104 % - - 50.2 % 228 % -

April No. of samples 1,674 1,227 186 67,000 2,022 1,086 448 339,000
% - 73.3% 111 % - - 53.7 % 222 % -

May No. of samples 1,650 1,134 273 77,500 2,071 1,137 441 312,000
% - 68.7 % 16.5% - - 54.9 % 21.3% -

June No. of samples 1,679 1,169 199 78,500 2,072 1,066 456 345,000
% - 69.6 % 11.9% - - 51.4 % 22.0% -

July No. of samples 1,652 1,052 236 84,000 1,958 916 384 365,000
% - 63.7 % 143 % - - 46.8 % 19.6 % -

August No. of samples 1,653 1,058 246 87,000 2,087 943 425 367,000
% - 64.0 % 149 % - - 452 % 20.4 % -

September No. of samples 1,623 1,190 177 66,500 2,048 1,065 405 334,000
% - 73.3% 10.9 % - - 52.0 % 19.8 % -

October No. of samples 1,647 1,255 165 64,000 2,114 1,161 405 327,000
% - 76.2 % 10.0 % - - 54.9 % 19.2% -

November No. of samples 1,633 1,283 170 54,500 1,984 1,229 340 297,000
% - 78.6 % 10.4 % - - 61.9 % 17.1% -

December No. of samples 1,633 1,241 207 57,500 2,013 1,122 376 331,000
% - 76.0 % 12.7% - - 55.7 % 18.7% -
Sum No. of samples 19,830 14,307 2,456 - 24,457 13,037 4,944 -
% - 72.15 % 12.39 % - - 53.3 % 20.2% -

Total bacterial count
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Fig. 1 Average results of determination of total bacterial count (TBC) in bulk raw cow’s milk in Slovakia in 2011
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Fig. 2 Average results of determination of somatic cell count (SCC) in bulk raw cow’s milk in Slovakia in 2011

Table 2 Results of determination of fat content, protein content, lactose content and solids-not-fat (SNF) content in bulk raw cow’s
milk in Slovakia in 2011

Year 2011 Compo Fat Fat Fat Protein  Protein  Protein  Lactose SNF SNF
sition >3.3 >3.6 9/100g >2.8 >3.2 9/100g 9/100g >8.5 9/100g
g/100g g/100g (average) g/100g g/100g (average) (average) g/100g (average)

January No. of samples 1,978 1,875 1,667 3.875 1,970 1,739 3.405 4.805 1,751 8.810

% - 948% 843% - 99.6% 87.9% - - 88.5 % -
February No. of samples 2,013 1,898 1,689 3.680 1,806 1,758 3.405 4.830 1,776 8.830
% - 943% 839% - 89.7% 87.3% - - 88.2 % -
March No. of samples 2,074 1,989 1,731 3.830 2,060 1,619 3.415 4.855 1,819 8.720
% - 959% 835% - 993% 781% - - 87.7% -
April No. of samples 2,010 1,890 1,627 3.795 1,989 1,319 3.255 4.860 1,583 8.660
% - 940% 809% - 99.0% 656% - - 78.8 % -
May No. of samples 2,059 1,826 1,356 3.685 2,051 1,431 3.265 4.875 1,648 8.690
% - 887% 659% - 996% 695% - - 80.0 % -
June No. of samples 2,072 1,797 1,182 3.610 2,061 1,366 3.255 4.820 1,689 8.640
% - 86.7% 57.0% - 995% 65.9% - - 81.5% -
July No. of samples 2,038 1,751 1,104 3.605 2,029 1,212 3.235 4.810 1,490 8.565
% - 85.9% 542% - 99.6%  59.5% - - 73.1% -
August No. of samples 2,074 1,879 1,312 3.690 2,069 1,473 3.260 4.790 1,582 8.60
% - 90.6% 63.3% - 998% 71.0% - - 76.3 % -
September  No. of samples 2,036 1,866 1,443 3.735 2,018 1,738 3.325 4.815 1,798 8.695
% - 91.7% 709% - 99.1% 854% - - 88.3 % -
October No. of samples 2,118 1,944 1,725 3.915 2,117 2,027 3.450 4.770 1,995 8.820
% - 918% 814% - 100.0% 95.7 % - - 94.2 % -
November  No. of samples 1,987 1,932 1,852 4.055 1,985 1,941 3.520 4.805 1,846 8.885
% - 972% 93.2% - 99% 97.7% - - 92.9 % -
December  No. of samples 2,001 1,890 1,760 3.940 1,987 1,922 3.490 4.790 1,870 8.850
% - 945% 88.0% - 993% 96.1% - - 93.5% -
Sum No. of samples 24,460 22,537 18,448 - 24,142 19,545 - - 20,847 -
% - 921% 754% - 98.7% 79.9% - - 85.2 % -
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Fig. 3 Average results of determination of fat content in bulk raw cow’s milk in Slovakia in 2011
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Fig. 4 Average results of determination of protein content in bulk raw cow’s milk in Slovakia in 2011
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Fig. 5 Average results of determination of lactose content in bulk raw cow’s milk in Slovakia in 2011
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Fig. 6 Average results of determination of solids-not-fat content in bulk raw cow’s milk in Slovakia in 2011
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Table 3 Results of determination of freezing point and drug residues in bulk raw cow’s milk in Slovakia in 2011

Year 2011 Freezing point  Freezing Freezing Freezing Freezing Drug Drug
point point point point (°C) residues residues
>-0.515 <-0.515- <-0.520 (average) (positive
>-0.520 samples)
January No. of samples 1,394 136 281 977 -0.524 1,618 1
% - 9.8% 20.2 % 70.1% - - 0.062 %
February No. of samples 1,341 140 214 987 -0.525 1,628 3
% - 10.4 % 16.0 % 73.6 % - - 0.184 %
March No. of samples 1,270 89 180 1,001 -0.525 1,662 0
% - 7.0% 142 % 78.8% - - 0.000 %
April No. of samples 1,380 133 201 1,046 -0.527 1,642 2
% - 9.6 % 14.6 % 75.8% - - 0.122 %
May No. of samples 1,300 91 197 1,012 -0.527 1,622 2
% - 7.0% 152 % 778 % - - 0.123 %
June No. of samples 1,286 119 195 972 -0.525 1,644 1
% - 9.3% 152 % 75.6 % - - 0.061 %
July No. of samples 1,244 116 197 931 -0.524 1,612 0
% - 9.3% 15.8 % 748 % - - 0.000 %
August No. of samples 1,243 106 214 923 -0.525 1,609 3
% - 8.5% 17.2% 743 % - - 0.186 %
September No. of samples 1,127 91 204 832 -0.524 1,591 1
% - 8.1% 18.1% 73.8% - - 0.063 %
October No. of samples 1,334 120 204 1,010 -0.524 1,641 0
% - 9.0% 153 % 75.7% - - 0.000 %
November No. of samples 1,362 95 177 1,090 -0.525 1,629 0
% - 7.0% 13.0% 80.0 % - - 0.000 %
December No. of samples 1,172 95 144 933 -0.525 1,577 4
% - 8.1% 123 % 79.6 % - - 0.254 %
Sum No. of samples 15,453 1,331 2,408 11,714 - 19,475 17
% - 8.6 % 15.6 % 75.8 % - - 0.087 %
Freezing point
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Fig. 7 Average results of determination of freezing point in bulk raw cow’s milk in Slovakia in 2011
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Fig. 8 Results of determination of drug residues in bulk raw cow’s milk in Slovakia in 2011
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Fig. 9 Results of total bacterial count in raw cow’s milk
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Fig. 11 Results of determination of fat content in raw
cow’s milk divided into three categories
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Fig. 10 Results of determination of somatic cell count in
raw cow’s milk divided into three categories

Fig. 12 Results of determination of protein content in raw
cow’s milk divided into three categories
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The results from bulk cow’s milk collected from dairy
farms in Slovakia in 2011 show that 15.47 % of samples
did not met the legislation limit of a maximum of 100 x10°
CFU.ml™* total bacterial count. We found that the highest
increase in the average total bacterial count,
84 x 10°CFU.mI™ and 87 x 10°CFU.mlI™", were in summer
period in July and August respectively. The lowest average
total bacterial count, 55 x 10° CFU/ml and
58 x 10° CFU.mlI", were detected in November and
December respectively.

The lowest average somatic cell count (97 x 10°SC.ml™)
was detected in November, and the highest increase in the
average somatic cell count (367 x 10° SC.mlI™") was seen in
August. We found that 26.48 % of samples did not met the
legislation limit of 400 000 SC.ml™in 2011.

The percentage of unsatisfactory results did not mean that
farmers had to be immediately penalised, because in
Slovakia a rolling geometric mean is used, according to the
Commission Regulation EC No. 1662/2006. However,
there is a large potential to improve the quality and safety
of raw cow’s milk, as well as economic losses in dairy
farms in Slovakia.

Other indicators of quality and safety were tested.
We found that the minimum average fat content was
3.605 ¢/100g in July and maximum average fat content
was 4.055 g/100g in November and 7.86 % of samples did

not meet the limit presented in STN 570529:1999, 16.72%
of samples had a fat content between 3.3 - 3.6 g/100g and
75.42% of samples had a fat content >3.6 g/100g.
This means that 92.14% of samples meet the limit
presented in STN 570529:1999. Bujko et al. (2011)
evaluated milk performance indicators in dairy cows of the
Holstein breed. They found a fat content 3.87 g/100g.
Heck et al. (2009) found a fat content of 4.38 g/100g.
Tamime (2009) indicate a fat content 3.70 g/100g.
Chandan et al., (2008) indicate a fat content 3.80 g/100g.
According to Hui (2009) milk has to contain not less than
3.25 g/100g of milk fat. The fat content of milk for various
breeds differs. The Holstein breed contains 3.54 g/100g,
Ayshire 3.95 g/100g, Jersey 5.13 g/100g and Brown Swiss
3.99 g/100g (Hui, 2009).

We found that the highest increase in average fat content
was over the winter period. The lowest average fat content
was detected during the summer period.

The minimum average protein content was 3.235 g/100g

in July and maximum average protein content was
3.520 g/100g in November, and 1.30 % of samples did not
meet the limit presented in STN 570529:1999, 18.79% of
samples had a protein content between 2.81 - 3.2 g/100g
and 79.91% of samples had a protein content >3.2 g/100g.
This means that 98.7% of samples meet the limit presented
in STN 570529:1999.
Bujko et al. (2011) found an average protein content of
3.36 ¢g/100g. Heck et al. (2009) found a protein content of
3.48 ¢/100g. According to Tamime (2009) and Chandan
et al., (2008) the protein content in raw cow’s milk is
3.4 ¢/100g. We found that the highest increase in the
average protein content was in the autumn and winter
periods. The lowest average protein content was detected
in the summer period. According to Hui (2009), the
protein content of milk of the Holstein breed is
3.29 ¢/100g, Ayshire 3.48 g/100g, Jersey 3.98 g/100g and
Brown Swiss 3.64 g/100g (Hui, 2009).

We found that the highest increase in the average lactose
content (4.875 g/100g) was in May. Heck et al. (2009)
found a lactose content of 4.51 g/100g. According to
Tamime (2009) and Chandan et al., (2008) the lactose
content is 4.8 g/100g, and Bujko et al. (2011) found a
lactose content of 4.96 g/100g.

The lowest average solids-not-fat content was
8.565 g/100g in July. We found that the highest increase in
the average solids-not-fat content (8.93 @/100g) in
February. According to Hui (2009), milk has to contain
not less than 8.25 g/100g of solids-not-fat.

Based on our results we agree with the results published
by Hui (2009), regarding seasonal variations in protein
and fat content in raw cow’s milk. We found the largest
decrease in the fat and protein content was during the
summer period and the largest increase in the winter
period. This seasonal variation can lead to significant
economic consequences.

The lowest average freezing point was -0.524 °C and
8.61% of samples did not meet the Ilimit of
STN 570529:1999, 15.58% of samples had freezing point
in interval <-0.515 ; -0.520> and 75.80% of samples had
freezing point <-0.520 °C. This means that 91.38% of
samples meet the limit presented in STN 570529:1999.

Heck et al. (2009), found a freezing point of -0.519 °C.
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We found that the highest average freezing point was -
0.527 °C, detected in the spring period in April and May.

We have found 17 drug positive samples representing
0.087% of all samples.

CONCLUSION

The quality and safety of raw cow’s milk in Slovakia in
2011 was satisfactory. However, there is a large potential
to improve farm management to eliminate economic losses
in dairy farms. We found that 73.53 % of samples tested
for somatic cells count, and 84.54 % samples tested for
total bacterial count, met the legislation limits. We found
the largest decrease in the fat and protein content was
during the summer period and the largest increase in the
winter period. We found that 92.14 %, 98.7 % and
91.38 % of samples met the limit presented in STN
570529:1999 for fat content, protein content and freezing
point respectively. The percentage of drug positive
samples was 0.087 %.
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