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GOAT IODOPENIA AS A CAUSE OF CONGENITAL STRUMA IN KIDS

JODOPENIA KOZ PRICINOU KONGENITALNEJ STRUMY U KOZLIAT

J. Bires', P. Bartko', T. Weissové', A. Michnal, T. Matisak’

lUniversity of Veterinary Medicine, Kosice, Slovak Republic
District Veterinary Administration, Spisskd Novd Ves, Slovak Republic

ABSTRACT: The objective of the paper was to assess the occurrence of congenital struma in kids in relation to the clinical
and biochemical finding in their mothers. Observations involved 46 imported goats of Saanen and Alpine breeds in the course
of kidding and their kids. Thyroid gland hypertrophy (39 goats) and somewhat worse or even bad state of nutrition were
dominant clinical findings in pregnant goats and in goats after kidding. Abortions in the last month of pregnancy were recorded
in 14 goats, and 14 goats delivered stillborn kids. Eighteen goats delivered 26 liveborn kids, but 18 out of them died within
12 to 24 hours after birth. Dead kids were hairless, they had skin edema, and very shortened thoracic as well as pelvic limbs.
The thyroid gland was well visible and palpable. Surviving kids lagged behind in their growth and often suffered from
bronchopneumonia as an additional disease. lodine concentration in the blood serum of goats (5.58 + 2.14 umol/l) was
significantly lower (P < 0.01) in comparison with kids (133.4 = 15.61 pmol/l). This state was characterized by adequate Ty
and T4 concentrations in the blood serum of goats (1.78 + 0.59 and 4.53 + 4.44 nmol/l, resp.) and of kids (4.66 + 2.26 and
182.93 + 2.59 nmol/l, resp.). lodine content in the thyroid gland of the seven kids that died was 1.86 + 0.96 mg/kg fresh
tissue. Examination of indicators of the internal environment in the blood serum showed alternate statistical differences
(P < 0.01) between adult goats and their kids in erythrocyte counts, hemoglobin, hematocrit value, leucocyte counts, activities
of aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl transpeptidase, alkaline phosphatase, concentrations
of total protein, albumin, total immunoglobulins, total lipids. cholesterol, phosphorus, copper. iron and zinc, while the explicit
relation to disorders of iodine metabolism and thyroid hormones was not confirmed. The average content of iodine in the
examined samples of soil (14.67 mg/kg) and alfalfa hay (0.1 mg/kg) demonstrated that primary deficiency of iodine in goats
was the cause of congenital struma in Kids.

goats; iodine deficiency; thyroid gland hypertrophy

ABSTRAKT: Cielom prace bolo posudit vyskyt kongenitilnej strumy u kozliat vo vztahu ku klinickému a biochemickému
nalezu ich matiek. Sledovania prebehli na 46 importovanych kozach plemena sdnskeho a alpinskeho v priebehu kotenia a ich
kozlatich. Dominantny klinicky nélez u gravidnych kéz a k6z po vykoteni bola hypertrofia $titnej zlazy (39 kusov) a menej
dobry, az zly vyzivny stav. 14 koz potratilo v poslednom mesiaci gravidity a 14 kozam sa rodili mftve kozlata. 18 kdz porodilo
26 zivonarodenych kozliat, z ktorych 18 uhynulo v priebehu 12 aZ 24 hodin po narodeni. Mftve kozlatd boli neosrstené,
s koZznym edémom a mali vyrazne skritené hrudnikové aj panvové koncatiny. Stitna Zlaza bola dobre vidite[na a palpovatelna.
PreZivajice kozlata zaostavali v raste a naj¢astej$im pridruZzenym ochorenim bola bronchopneumonia. Koncentricia jodu
v krvnom sére ko6z (5,58 * 2,14 pmol/l) bola v porovnani s kozlatami (133,4 £ 15,61 pmol/l) signifikantne niZsia (P < 0,01).
Uvedenému stavu zodpovedali hladiny Ty a T4 v krvnom sére koz (1,78 * 0,59 resp. 4,53 + 4,44 nmol/l) a kozliat (4,66 +
2,26 resp. 182,93 + 2,59 nmol/l). Obsah jodu v §titnej Zlaze siedmich uhynutych kozliat bol 1,86 + 0,96 mg/kg Cerstvého
tkaniva. Zo sledovanych parametrov vnitorného prostredia v krvnom sére boli striedavo zaznamenané Statistické rozdiely
(P < 0,01) medzi dospelymi kozami a ich mladatami pri erytrocytoch, hemoglobine, hematokrite, leukocytoch, aktivite
aspartataminotransterizy, alaninaminotransferazy, gamaglutamyltranspeptidazy. alkalickej fosfatazy, koncentricii celkovych
bielkovin, albuminu, celkovych imunoglobulinov, celkovych lipidov, cholesterolu, fosforu, medi, Zeleza a zinku, pricom
jednoznanénd sivislost na poruchy metabolizmu jodu a tyroidnych horménov sa nepotvrdila. Priemerné mnoZstvo jédu vo
vySetrovanych vzorkdch pédy (14,67 mg/kg) a lucernového sena (0,1 mg/kg) poukdzali, Ze pri¢inou kongenitdlnej strumy
u kozliat bola primérna karencia jodu u koz.

kozy; karencia jodu: hypertrofia Stitnej Zlazy
UvoD ninu. Prostrednictvom tyreoidnych horménov ovplyv-
fiuje jod celkovy vyvoj a rast tkaniv, celuldrnu spotrebu

J6d ako esencialny mikroprvok potrebny pre vyvoj  kyslika, rast a zrenie buniek, metabolizmus lipidov, sa-
Stitnej zlazy zasahuje do syntézy tyroxinu a trijodtyro-  charidov, mineralnych latok a vitaminov (Davis ai.,
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1988; Kanagawa ai., 1990; Rhind a i, 1991;
Thilly ai, 1992; Bires ai.,1993). Bezprostredny
vztah jodu bol potvrdeny najmi k reprodukénému apa-
ratu samic a samcov a v ostatnom obdobi sa sleduje
jeho tloha pri obrannych reakciach organizmu (Ras-
togi a Agarwal, 1990; Cole ai., 1994).

Primarna alebo sekunddrna karencia jédu je spojena
so zvy$enou sekréciou tyroid-stimulujiceho hormonu,
hyperplaziou Stitnej zlazy, hypotyroidizmom, pokle-
som tyroxinu a normélnou alebo mierne zvySenou kon-
centraciou trijodotyroninu v krvnom sére alebo plazme
(Hetzel, 1989; Janssen a i, 1994). Vysledkom
uvedenych biochemickych zmien je zastavenie alebo
spomalenie rastu zvierat, kreténizmus, zniZenie pro-
dukcie, dystrofické procesy v parenchyme pecene, ob-
liciek, svalovine srdca a hyperplazia hypofyzy (Mano
a i, 1985 Ramakrishna a Prasad, 1992).
U zvierat trpiacich deficienciou jodu sa zniZuje vitalna
kapacita plac, je naruSeny termoregulacny systém
a zvySuje sa niachylnost k inym ochoreniam (Jones
al, 1986: Beard ai., 1989). Najnachylnejsie na ne-
dostato¢ny privod jodu si mladé zvieratda s vysokou
produkciou a v priebehu gravidity.

Cielom prace bolo posudit vyskyt kongenitalnej
strumy u kozliat vo vztahu ku klinickému a biochemic-
kému ndlezu ich matiek.

MATERIAL A METODY

Sledovanie prebehlo v chove importovanych koz
plemena sanskeho (18 kusov) a alpinskeho (28 kusov)
vo veku 18 az 24 mesiacov. VySetrenia pozostavajlice
z klinického pozorovania, odberu biologického mate-
ridlu, biochemickych analyz a patologicko-anatomickej
pitvy sa robili v priebehu kotenia sedem mesiacov po
privezeni k6z na Slovensko z Marseille. Chov impor-
tovanych kdz na Slovensku sa realizoval v podhorskej
oblasti stredného SpiSa. Kfmna davka v letnom obdobi
pozostavala z pastvy, poCas zimy kozy dostavali lucer-
nové seno (4 kg/kus/dei), ja¢menny $rot (0,6 kg/kus/dei),
nejodidovanu kusova sol a vodu (ad libitum).

Pddne vzorky za Gcelom analyzy jédu boli odobraté
z troch stanovist (pastva, porasty pre vyrobu objemo-
vého a jadrového krmiva) sondovacimi ty¢ami do
hibky 20 cm, pri¢om na jednu pédnu vzorku bolo uro-
benych 25 az 30 vpichov. Odobraté vzorky sa po vy-
suSeni homogenizovali a preosiali cez sito o priemere
6k 2 mm. Hmotnost vzorky urenej pre analyzu tvorilo
400 g jemnozeme. Stanovenie I bolo robené taktiez
v krmive (lucernové seno, jatmenny Srot a kusova sol).

Klinické vySetrenice sa robilo tak u kdz, ako i kozliat
pocas celého obdobia kotenia (februar-marec). Krv pre
biochemické vySetrenie sa odobrala z v. jugularis od
20 koz (10 ks plemena sanskeho a 10 ks plemena al-
pinskeho) s r6znou formou klinickej manifestacie stru-
my 7 az 14 dni po fyziologickom porode alebo potrate.
Krv od 8 kozliat vo veku 4 aZ 8 dni sa ziskala vene-
punkciou z v. jugularis. Vzorky Stitnej Zlazy, pravého
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pecenového laloku a korovej Casti pravej oblicky sa
odobrali pri pitve siedmich mrtvonarodenych kozliat.

Hematologické vySetrenie (Er - erytrocyty. Hb -
hemoglobin, Ht — hematokrit, L¢ — leukocyty) sa robilo
na pristroji Serno-S-150. Aktivita enzymov aspartata-
minotransferazy — AST (E.C. 2.6.1.1.), alaninaminotrans-
ferazy — ALT (E.C. 2.6.1.2.), gamaglutamyltranspep-
tidaizy — GMT (E.C.2.3.2.1.) a alkalicke) fosfatazy —
ALP (E.C. 3.1.3.1.) sa stanovila Bio-La testom (Lache-
ma Brno). Celkové imunoglobuliny (IgC) sa analyzo-
vali v krvnom sére turbidimetricky (M¢c Ewan a i,
1970), albumin (ALB) fluorometricky na pristroji JAS-
CO EP 550, celkové bielkoviny (CB) Bio-La testom
(Lachema Brno) a celkovy bilirubin (C. bil.) fotomet-
ricky podla Jendrassika a Grofa (1938).

Analyza glukézy (Gluk), celkovych lipidov (TL)
a cholesterolu (Chol) bola v krvnom sére robena Bio-La
testom (Lachema Brno). Stanovenie Ca, P, Mg, Cu, Fe,
Zn a Se sa v krvnom sére a vySetrovanych organoch
robilo metodou atomovej absorpénej spektrofotometrie
na pristroji Perkin Elmer 1100 a 4100 ZL. Samotna
mineralizacia pecene, oblicick a §titnej Zlazy prebichala
v zmesi HNO5 a H,O, v Microwawe Laboratory System
(Milestone mls 1200). Jod v péde, krmivach, krvnom
sére a biologickom materiali koz sa stanovil kolorimet-
ricky (Tus1, 1981, 1983). Pre stanovenie koncentracie
trijodtyroninu a tyroxinu sa pouZil RIA-test Ty a Ty
(URVIT Kosice). Komparicia vysledkov analyz bola
robena Studentovym r-testom.

VYSLEDKY
Koncentricia jodu v pode a krmivich

Priemerné mnoZstvo jodu vo vySetrovanych vzorkich
pody bolo 14,67 mg/kg, lucernovom sene 0,1 mg/kg, jac-
meni 0,6 mg/kg a kusovej soli 0,7 mg/kg.

Klinicky obraz

Gravidné kozy a kozy po vykoteni boli v menej
dobrom az zlom vyzivnom stave. U 39 sledovanych
koz sa pozorovalo zvicienie §titnej Zlazy, ktorej vel-
kost sa pohybovala od fazule az po semenniky dospe-
lIého barana. Hypertrofovana $titna Zlaza bola na po-
hmat tuhoelasticka az tuha a nebolestiva. Zvic3enie
Stitnej zlazy bolo vacSinou symetrické. Prijem krmiva
a spravanie postihnutych ko6z nebolo zmenené. Z ostat-
nych zmien boli u 30 koz chakteristické alopetické lo-
ziska na kozi hlavy, krku, hrudnika a chrbta, ktorvch
velkost bola hrasku aZ detskej dlane. Zisteny klinicky
nalez nebol zavisly na plemennej prislusnosti.

Strndst koz potratilo v poslednom mesiaci gravidity
a dalsim 14 kozam sa narodili mftve kozlata. Ostat-
nych 18 kdz porodilo 26 Zivonarodenych kozliat, z kto-
rych 18 uhynulo v priebehu 12 az 24 hodin po narode-
ni. Mitve kozlatd boli neosrstené, s koZnym edémom
a mali vyrazne skritené hrudnikové i panvové koncati-
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ny. U 20 kusov bol v dosledku objemnej hlavicky po-
zorovany nepomer medzi telom. Stitna Zlaza dosahova-
la velkost holubacieho vajca a na pohmat bola mikke)
konzistencie. Zivé kozlatd mali niZ§iu pérodni hmot-
nost (3,6 = 0,9/kg) a boli malo Zivotaschopné. Reflex
cicania bol ¢asto vymiznuty a tri kusy sa nevedeli
vobec postavit. Rektalna teplota pri narodeni sa pohy-
bovala od 39 do 39,4 °C, pocet pulzov 140 az 190/min
a pocet dychov 70 az 100/min. ZvySeny bronchidlny
tonus bol dobre pocutelny na obidvoch stranach plic-
ncho pola. Stitna Zlaza bola dobre viditeIna a palpova-
telnd. Naj¢astejSim pridruZenym ochorenim bola bron-
chopneumonia. Prezivajice kozlata zaostavali v raste
a zvy$sila sa u nich nachylnost k ostatnym ochoreniam.

Laboratorny nalez

Vysledky biochemickych vySetreni krvi a krvného
séra s uvedené v tabulkach I az VIIL.

Hodnoty Er, Hb aHtu dospelych koz boli v porovna-
ni s kozlatami signifikantne vysSie (P < 0,01) - tab. L.
Pocet Lc bol u koz 13,04 £ 1,87 G/l a u ich mladat
17,35 £ 0,35 G/I. Rozdiel v uvedenom parametri medzi
porovnavanymi skupinami leZal na hladine vyznamnos-
ti P < 0,01. Preukazne nizSia aktivita bola u matiek
oproti kozlatim u AST a ALP (P < 0,01) a vy3Sia pri
ALT (P <0,01) —tab. II. Aktivita GMT a koncentracia
C. bil. u koz a ich kozliat bola vyrovnana. Ukazovatele
bielkovinového profilu (CB, ALB. IgC) dosahovali
v krvnom sére koz Statisticky vysSie hladiny ako u ich
mladat (P < 0,01) — tab. III. Parametre energetického
profilu (Gluk, TL, Chol) boli v krvnom sére koz v po-
rovnani s kozlatami signifikantne nizsie (P < 0,01 —
tab. IV). Sérova koncentracia fosforu u koz bola oproti
mladatam preukazne nizsia (P < 0,01) — tab. V. Mnoz-
stvo vdpnika v krvnom sére nebolo medzi porovnava-
nymi skupinami signifikantne rozdielne. Obsah hor¢ika
v krvnom sére matiek a mladat bol vyrovnany (1,15 +
0,13 resp. 1,07 £ 0,06 mmol/l). Hladiny stopovych prv-
kov (Fe, Cu, Zn) v krvnom sére koz signifikantne pre-
vySovali ich mnoZstvo u kozliat (P < 0,01) — tab. VI.
Koncentricia jodu v krvnom sére kozliat presahovala
jeho hladiny u koz 26-nasobne (133,4 = 15,61 resp.
5,58 + 2,14 pmol/l). Rozdiel bol §tatisticky vyznamny
(P < 0,01). Uvedenému stavu zodpovedal obsah Ty
a Ty, ktory bol v krvnom sére kozliat v porovnani
s matkami signifikantne vy3§i (P < 0,01) — tab. VII.
Koncentricia selénu v krvnom sére koz bola 1,71 *
0,27 pmol/l a u kozliat 1,58 + 0,48 umol/l.

Biochemické zmeny neboli ovplyvnené plemennou
prislusnostou.

Koncentracia Ca, P, Mg, Cu, Fe, Zn, Se a [ vo vyset-
rovanych organoch kozliat je zaznamenand v tab. VIIL
Pre vySetrované tkanivo §titnej Zlazy bola charakte-
risticka najvysSia kumulécia jodu (1,86 £ 0,96 mg/kg),
selénu (0,068 + 0,048 mg/kg), fosforu (1 818,13 *
524,38 mg/kg) a vapnika (79,83 + 21,48 mg/kg). V pe-
Ceni sa pozorovali najvy$Sie hodnoty Mg, Cu, Fe a Zn.
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DISKUSIA

Obsah jédu v troch analyzovanych vzorkdch pody
zo0 sledovanej oblasti spliial minimalne poZiadavky,
pretoze vyskyt strumy vznika uz na podach s obsahom
okolo 10 mg/kg (Vrzgula a Jagos akol., 1986).
Uvedenému pédnemu jodu zodpovedala i jeho koncen-
tricia vo vySetrovanych krmivéch, pri¢om najchudob-
nejsic bolo lucernové seno. Pre optimalne zasobenie
prezuvavcov je vSak potrebné, aby kimna davka obsa-
hovala 0,2 az 0,6 mg/kg jédu (Groppel ai., 1986;
Jenkins a Hidiroglou,1990; Swanson ai.,
1990).

Z pohladu nameranych hodnét jédu v pdde a krmi-
vach bola pravdepodobnou pri¢inou porich metaboliz-
mu jodu u importovanych kéz jeho primarna karencia.
Ta sa manifestovala u dospelych koéz hyperplastickou
strumou, ¢astymi abortami a neuspokojivym vyzivnym
stavom. Zisteny klinicky ndlez je u zvierat trpiacich
deficienciou jodu spojeny s poruchou jodizacie a dejo-
dizacie tyroidnych horménov v S$titnej Zlaze a naruse-
nim celkového metabolizmu (Leirer a i., 1983;
Janssen ai., 1994). ZvIas( citlivé na nedostatoCny
privod joédu su gravidné zvieratd, ¢o sa v sledovanom
chove prejavilo potratmi a rodenim mrtvych kozliat.
Tie boli neosrstené a malformované.

Kongenitdlna agenéza Stitnej Zlazy je okrem fyzic-
kého zastavenia vyvoja plodu doprevadzana v dosledku
poruchy syntézy mozgovej DNA kreténizmom (Pé-
rez ai, 1984; Hetzel, 1990). Pricinou pozorovanej
generalizovane) alopécie u mftvonarodenych kozliat je
podla autorov Ramakrishna a Prasad (1992)
pri intrauterinnej karencii jodu hyperkeratoza epidermy
a keratinizéacia vlasovych folikulov, ¢o len potvrdzuje
ilohu tyroxinu pri formovani epidermalnych utvarov.

U 6smich zivych kozliat dominovala struma rézneho
rozsahu, celkova slabost, nevyvinuty reflex cicania
a vysoka predispozicia k ochoreniam dychacieho sys-
tému. Zisteny nalez je vysledkom agenézy alebo hypo-
genézy Stitnej zlazy u vyvijajiceho sa plodu, pretoZe
syntéza tyroidnych horménov zalina za normélnych
podmienok v druhom az tretom mesiaci gestacie (Pe-
rez ai, 1984; Hetzel, 1989). Navyse kompenzicia
nedostato¢nej tvorby tyroidnych horménov vo féte je
zo strany matky limitovana, nakolko ich prechod pla-
centou je obmedzeny (Jost, 1966). Perzistencia nami
zaznamenanych zvySenych triasovych hodnét u kozliat
po narodeni (frekvencia dychu a pulzu) je taktiez pri
nizkej syntéze tyroxinu vysledkom poruchy termoregu-
licie (Bate a i, 1993). Respiratné poruchy si po-
dobne pri karencii jédu spdsobené nizkymi hladinami
tyroidnych hormonov, ktoré pocas intrauterinného vy-
voja negativne ovplyviuji vyvoj plicnych lalokov vo
féte Jones ai., 1986).

Popisanému klinickému nalezu u vySetrovanych
zvierat laboratérne zodpovedali hladiny joédu a tyroid-
nych horménov v krvnom sére dospelych koz. Name-
rané hodnoty jodu v krvnom sére koz su charakteris-
tické pre rozsiahlu karenciu s negativnym dopadom na
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1. Hematologicky profil — Hematologic profile

Er Hb Ht Lc

Ukazovatel!
T/ g/dcl 1 G/l

Kozy? X 1545" 8.92" 031" 13.04"
n=20 +y 141 0,76 0,03 1.87
Kozlata® x 9,02 11.27 0,23 17.35
n=8 ts 0,88 0,18 0,02 0.35

** = p < 0.01; "indicator, *goats, *kids

1. Enzymaticky profil v krvnom sére (pkat/l) — Enzymatic profile in blood serum
Ukazovatel' AST ALT GMT ALP
Kozy? X 0323"" 0373" 0.727 0.365""
n=20 5 0,049 0,077 0,305 1,329
Kozlata® x 0.764 0.146 0,737 472
n=8 +5 0,251 0,027 0,073 1.63

= p < 0.01; For 1-3 see Tab. |

111. Koncentricia celkovych bielkovin (CB). albuminu (ALB). celkovych imunoglobulinov(IgC) a celkového bilirubinu (C. bil.) v krvnom

sére — Concentrations of total protein (CB), albumin (ALB), total immunoglobulins (Igc) and total bilirubin (C. bil.) in blood serum

A — CB ALB 1gC C. bil.
(g/) (g/l) (U ZST) (1mol/l)
Kozy? X 69,79"" 49,19"" 23.48"" 6,55
n =20 + g 6.39 4,16 391 1,94
Kozlata® ¥ 55,85 39,75 12,64 6,44
n=8 + 5 3,71 6,53 546 LIl

** = p < 0,01; For 1-3 see Tab. |

IV. Koncentricia glukézy (Gluk), celkovych lipidov (TL) a cholesterolu (Chol) v krvnom sére — Concentrations of glucose (Gluk), total

lipids (TL) and cholesterol (Chol) in blood serum

Ukazovate' Gluk TL Chol
(mmol/l) (g/l) (mmol/l)

Kozy? X 048" 2417 239"
n =20 +5 0,48 0,42 0,54
Kozfata* x 3,0 436 3.21
n=28 L ] 1,10 1,12 1,16

** =p < 0,01, For 1-3 see Tab. |

V. Makromineralny profil v krvnom sére (mmol/l) - Macromineral profile in blood serum
Ukazovatel' Ca P Mg
Kozy? x 2,52 221" 115
n =20 t 5 0,11 0,37 0,13
Kozlata® X 2,71 3.17 1.07
n=28 +5 0,27 0,39 0,06

** =p < 0,01; For 1-3 see Tab. |

VI. Mikrominerilny profil v krvnom sére (umol/l) — Micromineral profile in blood serum
Ukazovatel' Cu Fe Zn Se J
Kozy? X 16.26"" 24,02"" 961" 171 558"
n=20 s 1,58 2,19 1,54 0,27 1 2.14
Kozlaa® x 9.45 17,46 6.12 1,58 1334
n=38 ty 1,11 1,90 1,08 0,48 15.61

** = p < 0.01; For 1-3 see Tab. |
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VII. Koncentricia trijédtyroninu (Ts) a tyroxinu (T4) v krvnom sére
(nmol/l) — Concentrations of tritodothyronine (T;) and thyroxine
(T,) in blood serum

Ukazovatel' T, T,
Kozy? X 178" 453"
n =20 + 5 0,59 444
Kozlati® X 4,66 182,93
n=28 +s 2,26 2,59

** = p <00l For 1-3 see Tab. 1

U obidvoch vySetrovanych kategorii kdz bola zazna-
menané vyrazna karencia zinku. Laboratornemu nélezu
Zn v krvnom sére a analyzovanych organoch zodpove-
dali i alopetické loZiskd na koZi. Deficiencia zinku
u zvierat s jodopéniou podla autorov Oliver a i
(1987), Smit ai. (1993) zvySuje vyluCovanie tyreo-
tropinu a cestou inhibi¢ného vplyvu na periférnu dejo-
dinizéciu tyroxinu sposobuje pokles sérového trijodty-
roninu. Rozsiahla hypoimunoglobulinémia, ktord sa
potvrdila u vySetrovanych kozliat na zdklade koncen-

VIIL. Koncentricia Ca, P, Mg, Cu, Fe, Zn, Se a I v 3titnej Zlaze, peCeni a oblitkiach métvonarodenych kozliat (mg/kg Cerstvého tkaniva) -
Ca, P, Mg, Cu, Fe, Zn, Se and I concentrations in the thyroid gland, liver and kidneys of stillborn kids (mg/kg fresh tissue)

Ukazovatel' Ca P Mg Cu Fe Zn Se 1

Stitna zlaza? x 79,83 1 818,13 156,88 1,84 65,76 23,39 0,068 1.86
n=7 £s 21,48 524,38 79,80 0,75 21,01 18,60 0,048 0,96
Pecen? X 62,55 125.65 | 1 553.85 31,85 649,20 28,90 0,035 1,10
n=7 X 14,71 40,65 368,29 14,52 234,21 7,09 0,022 0,58
Oblicky* x 54,0 112536 12431 1.56 51,80 13.36 0,025 0,78
n=7 5 7.82 505,03 14,03 0,40 18,33 2,21 0,001 0,64

lindicator. 2lhyroid gland. Yliver, *Kidneys

produkciu Ty a Ty (Korber ai,1984; Mano ai,
1985; Bires ai., 1993). Koncentracia uvedenych pa-
rametrov bola v krvnom sére Stvor- az osemdiovych
kozliat v porovnani s matkami signifikantne vysSia
(P < 0,01) a predovsetkym hladiny jodu (1334 +
15,61 pmol/l) a Ty (4,66 *+ 2,24 nmol/l) indikovali len
okrajovi jodopéniu (Durdevi¢ ai, 1980; Rasto-
gi a Agarwal, 1990). Naproti tomu mnoZstvo jodu
v 8titnej Zlaze (1,86 £ 0,96 mg/kg), ale i v peceni a ob-
lickach poukazuje na zéklade zisteni autorov Grop-
pel ai. (1986) u kozliat na rozsiahlu deficienciu jodu
spojend s hypotyreézou. Statisticky vy$Sie hodnoty jo-
du a jeho metabolitov v krvnom sére kozliat ako u ma-
tiek boli pravdepodobne viazané na prijem jodu v mle-
dzive resp. mlieku a intenzivnej$ou metabolickou
aktivitou Stitnej Zlazy mladat reagovat na deficitny pri-
jem jodu.

Zo sledovanych parametrov vnutorného prostredia
boli striedavo zaznamenané Statistické rozdiely medzi
dospelymi kozami a ich mladatmi, pri¢om jednozna¢na
sdvislost na primarnu karenciu jodu sa nepotvrdila.
V3eobecne ukazovatele hematologického profilu, akti-
vita enzymov, koncentracia CB, ALB, IgC, Cu, Fe a Zn
dosahovali u kéz v porovnani s kozlatami fyziologic-
kejSie, hladiny. Najvy$Sie vybolenie z referenéného
rozpatia sa u kozliat zistilo v polte Lc, aktivite ALP,
koncentracii Ht, IgC, Cu, Fe, Zn a u dospelych koz
v obsahu glukézy a Zn. U mladat a matiek sa pozoro-
vala okrajova hyperbilirubinémia. Namerané hodnoty
ostatnych biochemickych ukazovatelov tak u kbz ako
u ich mladat sa pohybovali v ramci fyziologického
rozpitia, ktoré v naSich chovatelskych podmienkach
udavaju Bire§ a1 (1993), Martinko a Kro-
kavec (1993).
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tracie IgC v krvnom sére (12,64 + 5,46 ZST) je u zvie-
rat trpiacich karenciou vicSinou spojend s nedosta-
to¢nym formovanim obrannych reakcii (Schone ai,
1987; Woods a Woodward, 1991). Mierne vy-
bocenie ostatnych vySetrovanych indexov v krvi, krv-
nom sére z referen¢ného rozpitia u koz a kozliat, ako
i analyzovanych minerdlnych prvkov v organoch uhy-
nutych kozliat, moZno povaZovat za ne$pecificky vy-
sledok narusenia celkového metabolizmu pri primarne;)
deficiencii jédu.
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THE EFFECT OF VITAMIN E ON THE QUALITY
OF FAT COMPONENT OF BROILER CHICKEN MEAT

VPLYV VITAMINU E NA KVALITU TUKOVEJ ZLOZKY MASA
BROJLEROVYCH KURCIAT

J. Kusev, J. JantoSovi¢, J. Saly, M. Kozik

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: The effect of vitamin E on the quality of meat stored for a short and 2 long time was investigated in chickens
of Hybro hybrid. Vitamin E was added to drinking water from the 42nd to the 49th day of chicken age at a dose 40 mg per
bird/day, in form of Tocoferolum aceticum (Combinal E) within 7 days. The chickens were slaughtered and the carcasses'
were dressed at the age of 56 days. A kilogram of feed mix contained 186 g crude protein, 12.28 MJ ME and 8 mg of vitamin
E. Vitamin E was found to have positive effects on acid number and peroxide value of meat at a short-time storage of broiler
meat for 72 hours at 4 °C. When meat was stored in a freezer at a temperature of =20 °C for 6, 8 and 10 weeks, the meat
from chickens with vitamin E administration had the acid number of fat lower and the peroxide value highly significantly
(P < 0.001) lower than control chickens. After ten-week storage the acid number of experimental chickens was 0.888 and
the peroxide value amounted to 12.78 while these values of control chickens were 1.034 and 21.55. respectively. There were
no significant differences between the experimental and control chickens in sensory evaluation of roasted chickens.

chickens; vitamin E; peroxide value; acid value of fat; sensory evaluation

ABSTRAKT: U kurciat hybridu Hybro sme sledovali vplyv vitaminu E na kvalitu kratkodobo a dlhodobo uskladiiovaného
misa. Vitamin E bol pridavany do pitnej vody od 42. do 49. dia veku kur¢iat v divke 40 mg na kus a deii vo forme
Tocoferolum aceticum (Combinal E) po dobu 7 dni. Kur¢ata boli odporazené a jato¢ne opracované vo veku 56 dni. Kilogram
kfmnej zmesi obsahoval 186 g NL, 12,28 MJ ME a 8 mg vitaminu E. Pri kritkodom uskladfiovani brojlerového masa po
dobu 72 hodin pri +4 °C mal vitamin E podavany kurCatam priaznivy vplyv na Cislo kyslosti a peroxidové Cislo v mise. Pri
mraziarenskom skladovani misa pri teplote —20 °C po dobu 6, 8 a 10 tyZdiov bolo od kuréiat s pridavkom vitaminu E &islo
kyslosti tuku niZdie a peroxidové &islo vysoko preukazne (P < 0,001) niZSie ako u kontrolnych kur&iat. Po 10 tyZdiioch
skladovania bolo u pokusnych kurciat &islo kyslosti 0,888 a peroxidové &islo 12,78 a u kontrolnych kur&iat 1,034 a 21,55.
Pri senzorickom hodnoteni pecenych kur¢iat neboli preukazné rozdiely medzi pokusnymi a kontrolnymi kur¢atami.

kurcatd; vitamin E; peroxidové &islo; Cislo kyslosti tuku; senzorické hodnotenie

UvoD gossypol a iné) a syntetického pdévodu (kyselina askor-
bova, derivaty fenolu, viacmocnych fenolov, fenylen-

diaminu, chinolinové derivaty atd.). Antioxidaéné

Pri technologickom spracovani jatoénej hydiny do-
chadza k hydrolytickym a oxidanym premenam tu-
kov, ¢o ma za nasledok zmyslové zmeny (chut, voiia)
a nasledne znehodnotenie potraviny (Cabadaj a Tu-
rek, 1992), zniZenie rozpustnosti bielkoviny, odbiira-
nie pigmentov, vitaminov, naru$enie bune&nej integrity
a nutri¢nej hodnoty potravin (Fennema, 1973). Pre-
to Studium chemickych zmien lipidov vo vztahu k anti-
oxidantom pri skladovani hydinového misa je stile ak-
tudlnym problémom.

Oxidéacia tukov pri technologickom spracovani ja-
tocnej hydiny sa ovplyviiuje zavadzanim vhodnej tech-
nolégie (Piskarev ai., 1976) a pridavanim réznych
antioxida¢nych latok. Ako antioxida¢né litky sa pouZi-
vaju latky prirodného (tokoferoly, lecitin, xantofyly,

Vet. Med. - Czech, 41, 1996 (5): 139-142

ucinky maji aj niektoré farbiva, ako metylénova mo-
dra, toluidinova modra, metylénova violet, rosanilin
ainé (Moore ai., 1953, 1954; Dam, 1957). Prak-
ticka aplikdcia antioxidaénych aditivnych latok naraza
na problémy hygienické, ale aj technologické. Je preto
vyhodné, ked kimna zmes obsahuje prirodne antioxi-
dac¢né latky v koncentracii postacujicej pre stabilizaciu
tukovej zlozky misa. Prirodné antioxidacné latky, ktoré
s stucastou rastlinnych buniek, si tokoferoly.

Vo vyZive zvierat antioxidaéné latky svojim Gcin-
kom zniZuji tvorbu peroxidov v tukoch, chrania lipo-
filne vitaminy, posobia synergicky s vitaminom E, ma-
ju tieZ vplyv na pigmentaciu koZe brojlerov, sfarbenic
zltka, zlep3uju stabilizaciu xantofylov a zvySuju kon-
verziu krmiva (Najman a Herzig, 1975).
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Obsah antioxidantov v hydinovom mase je najvhod-
nejdie zabezpedit v pozadovanom mnoZstve ich skfmo-
vanim. Za tymto ucelom sme v naSej préci sledovali
moZnost vyuzitia vitaminu E.

MATERIAL A METODA

Pokusné a kontrolné kurcata hybridu Hybro vo veku
42 dni boli kimené ad libitum kimnou zmesou BR2.
Kfmna zmes obsahovala v 1 kg 186 g NL, 12,28 MJ
ME, 36 g tukov, 33 g vlikniny, 8 mg vitaminu E,
11,2 g vapnika, 6,5 g anorganického fosforu. Hlavnymi
komponentami kimnej zmesi bola kukurica (55 %), ex-
trahovany séjovy Srot (19 %) a pSenica (15 %). V kon-
trolnej a pokusnej skupine bolo po 24 kurciat.

V pokusnej skupine kurciat bol do pitnej vody pri-
davany Combinal E (Tocoferolum aceticum) v dennej
davke 40 mg/kus po dobu 7 dni od 42. do 49. diia veku
kurciat. Jedendiiova davka vitaminu E pre celd skupinu
kuréiat bola podana v 2 | vody. Kazdy dei pred poda-
nim Combinalu E bola voda odobrana na jednu hodinu.
Po vypiti vody s Combinalom E kuréata dostavali pitni
vodu bez Combinalu E. Vo veku 56 dni kurcata boli
odporazené a po jato¢nom opracovani boli uloZené
v chladni¢ke. Po 72 hodinach skladovania pri teplote
4 °C boli dalej skladované v polyetylénovych obaloch

pri teplote =20 °C. Vzorky sme vySetrovali po 72 ho-
dinach, 6, 8 a 10 tyzdnoch.

Hydrolytické a oxidaéné zmeny tukovej zlozky boli
stanovené na zaklade Cisla kyslosti a obsahu peroxidov
v chloroformovom extrakte podla postupu Pearso-
na (1973).

Senzorické hodnotenie pecenych kurciat (A - Cer-
stvé, B — po 10 tyZdiioch) robila 6-Clenna komisia, a to
parovou skuskou a S-bodovym systémom hodnotenia
akosti (Tilgner, 1961). Matematicko-Statistické vy-
hodnotenie bolo vykonané podla Eckschlagera
(1971).

VYSLEDKY

Zavislost kyslosti tukov od doby uskladnenia miasa
brojlerovych kurciat je uvedena v tab. I. Z dosiahnu-
tych vysledkov pri kratkodobom a dlhodobom uskladneni
je zrejmé, Ze Cislo kyslosti tuku u pokusnych kurciat
bolo nizdie. Statistickd vyznamnost bola zaznamenana
len po 10-tyzdinovom uskladneni.

Priemerne hodnoty peroxidového &isla si uvedené
v tab. II. Z prezentovanych vysledkov je zrejmé, ze
peroxidové ¢islo u pokusnej skupiny, ktorej bol skfmo-
vany vitamin E v davke 40 mg/ks a den, je pozitivne
ovplyvnené uz 72 hodin po porazke. Napriek tomu, Ze

1. Priemerné hodnoty kyslosti tukov v priebehu kratkodobého™ a dlhodobého™ skladovania brojlerovych kurciat — Average values of fat acid
number during short-time* and long-time** storage of broiler chicken meat

Doba Skupina kuréiat® Relativna hodnota oproti
skladovania' pokusn.‘x"“‘ Kkontroln&® kontrole® (%)

72 hodin*® 0,894 0,937 95,411

6 tyzdiov’ 0,708 0,827 85.611

8 tyzdiov? 1,025 1,205 85,062

10 tyzdiov’ 0,888" 1,034 85,880

Vysvetlivky pre tab. 1 a Il = Explanatory notes to Tabs. I and II:
x = skladovanie pri teplote +4 °C - storage at a temperature +4°C

xx = skladovanie pri teplote —20 °C - storage at a temperature -20 °C
xxx = pokusnd skupina kur¢iat jeden tyZden pred porazkou dostivala vitamin E 40 mg/kus a dei po dobu 7 dni — experimental group of
chickens a week before slaughter received 40 mg/bird vitamin E for 7 days

+ =P<0,05

1 ¢ 2 5 3 z 4 s 3 i 6 7 X 9
storage time, “group of chickens, “experimental™”, “control, “relative value against control, “72 hours, "6 weeks, '8 weeks, “10 weeks

II. Pricmerné hodnoty peroxidového €isla v priebehu kritkodobého® a dlhodobého™* skladovania misa brojlerovych kuréiat - Average
peroxide values during short-time™ and long-time™” storage of broiler chicken meat

Doba Skupina kurgiat® Relativna hodnota oproti
skladovania' pokusn:i""" kontrolna® kontrole® (%)

72 hodin*® 7,69 13,96 55,086

6 tyzdiiov’ 9,85" 18,60 52,957

8 tyzdiov® 10,07* 19,60 65,204

10 tyzdiov? 12,78* 21,55 46,728

+ =P < 0,001
For 1-9 see Tab. |
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po 10 tyzdnoch uskladiovania sme u pokusnej skupiny
zaznamenali skoro 80% zvySenic peroxidového ¢isla
(7,69 z 12,78). Toto &islo bolo vysoko preukazne niZsie
(P < 0,001) ako u kontrolnych kur¢iat. Aj po 10 tyz-
dnoch uskladiiovania bolo peroxidové Cislo u pokus-
nych kuréiat niz8ie (12,78) ako u kontrolnych kurciat
po 72 hodin od porazky (13,96).

Skladovanie misa kontrolnej skupiny kuréiat vy-
kazovalo pri kazdom vySetreni (po 72 hodinach, 6, 8
a 10 tyzdnoch) preukazne vysSie peroxidové cislo
v porovnani s pokusnymi kur¢atami.

Senzorické vySetrenie kurciat je uvedené v tab. IIL.
Ako z tabulky vyplyva, bodovym hodnotenim sme

nenie oproti kontrolnej skupine bolo zachované aj
pri dlhodobom uskladneni pocas 10 tyZdiiov pri teplote
—20 °C. Pri 10-tyZdiiovom uskladneni sme zaznamenali
taktiez signifikantne vyznamné zmeny v Cisle kyslosti
tukov.

Vysledky vo vzostupe Cisla kyslosti tuku a vzostupe
peroxidového &isla sa zhoduji s idajmi autorov Ris-
tic (1975) a Stankovsky a Sasik (1979).
Uvedeni autori zaroven upozoriuju, Ze peroxidové Cis-
lo a ¢islo kyslosti ma byt smerodatnym pre vyhodnote-
nic akosti misa. Vitamin E a dalSie antioxidanty poda-
vané pocas Zzivota Statisticky vyznamne zvySuji
oxidacnu stabilitu aj pocas skladovaniamisa(Lin ai.,

I11. Senzorické hodnotenie pecenych kuréiat podla 5-bodove) stupnice s parovym (-testom — Sensory evaluation of roasted chickens by

a S-score scale with paired r-test

A B
Ukazovatel' Kontrola® Pokus® Kontrola® Pokus®
X s X s X 5 X 5

Vona* 3,55 0,51 3,55 0,85 341 0,51 3.5 0,52
Chutnost® 3,81 0,7 3,61 0,6 3,76 0,43 3,41 0,51
Stavnatost” 3,83 0.7 3.61 0,77 325 0,42 3.08 0.66
Konzistencia - krehkost’ 3.61 0,69 3.88 0,67 3.66 0.65 3,55 0.52
Celkovy pocet bodov® 14,82 14,65 14,08 13.49
Preferencia’ v. h 10 8 11 7

Straty po upeceni'” (%) 30,5 1,58 31,1 187 - -

A = Cerstvé kurcata - fresh chickens

B = skladované 10 tyzdiov pri teplote —20 °C - 10-week storage at =20 C

v.h. = pri 18 parovych skaskach - at 18 paired tests

_ 2 3 ; 4 5 T .
Yindicator, *control, experiment, “flavor, “taste, “juiciness, 7conSIsmncy - tenderness,

roasting

u pefenych kurciat nezaznamenali $tatisticky vyznam-
né rozdiely. Kvalita bola v oboch skupinéach z hladiska
percentudlnych strat, bodového a parového testu pece-
nych kurciat bez preukaznych rozdielov.

DISKUSIA

Negativny vplyv lipidov pri kratkodobom a dlhodo-
bom skladovani hydiny je znamy (Cabadaj a Tu-
rek, 1992). U jednotlivych druhov hydiny a zvierat si
zndme taktiez rozdiely v kvalite tukov (Mecchia
ai, 1956; Keskinel ai, 1964). Frigg ai. (1990,
1991)a Yamauchi ai. (199) lepSiu stabilitu tukov
davaji do suvislosti so zvySenym obsahom tokoferolov
v hydinovom mise.

Vychadzajic z uvedenych udajov sme sa zamerali
na ovplyvnenie kvality misa a tukov brojlerovych kur-
Ciat formou 7-diiového predporazkového skfmovania
zvySeného obsahu vitaminu E (40 mg kus/den). Z do-
siahnutych vysledkov je zreymé, Ze vitamin E ovplyvnil
najma peroxidové &islo tukov po skladovani hydiny pri
teplote 4 °C po dobu 72 hodin. Toto pozitivne ovplyv-
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8 9 (L
total scores, “preference, . shrinkage loss after

1989; Yamauchi ai., 1991). Tito autori skimovali
vitamin E dva tyzdne pred porazkou v davke 100, 250,
500 a 1 000 mg/kg kimnej zmesi. V naSom experimen-
te sme aplikovali vitamin E do pitnej vody v davke 40
mg/kus po dobu sedem dni. Z dosiahnutych vysledkov
vyplyva, Ze uZ tato davka vitaminu E priaznivo ovplyvni
oxidaciu tukov pri kratkodobom a dlhodobom skladovani
misa brojlerovych kur¢iat. Av3ak, ak chceme udrZat hod-
notu peroxidového ¢isla 10-12, doba aplikicie a divka
zda sa, Ze nie je dostaujica.

Pri kratkodobom skladovani nami sledovaného misa
brojlerovych kur¢iat sme nezaznamenali senzorické
zmeny. NaSe vysledky sa zhoduji s vysledkami auto-
rov Blum a i. (1992), ktori skfmovali kimnu zmes
s obsahom vitaminu E 20, 40, 80 a 160 mg/kg kimnej
zmesi od 14. dita veku aZ po porazku. Po 6- a 13-me-
sacnom skladovani pri teplote =18 °C neboli zistené
rozdiely v senzorickej kvalite misa (3tavnatost a chut)
brojlerovych kurciat. Nase vysledky ukazali, Ze skfmo-
vanie vitaminu E vo zvy3enej davke tyzden pred poraz-
kou hydiny by mala byt akceptovana u brojlerovych
kur¢iat, ktoré planujeme dlhodobo mraziarensky usklad-
fovat.
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ENHANCEMENT OF ANTIBODY RESPONSE TO BOVINE
HERPESVIRUS 1 WITH NON-SPECIFIC IMMUNOSTIMULANTS

ZVYSOVANI PROTILATKOVE ODPOVEDI PROTI VIRU BHV-1
NESPECIFICKYMI IMUNOSTIMULACNIMI LATKAMI

J. Hampl, J. Franz, J. Stépanek, M. Toman

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Stimulatory effects of aluminium hydroxide, lipopolysaccharide (LPS), muramyldipeptide (MDP), and empty
liposomes on the antigenicity of inactivated bovine herpesvirus | were tested in mice. Compared with the standard effect of
aluminium hydroxide, stronger antibody responses were observed in mice treated with empty liposomes or LPS alone, or
a combination thereof. The strongest antibody response was recorded in mice treated with a combination of inactivated
BHV-1, MDP and empty liposomes.

bovine herpesvirus 1: antibody response; aluminium hydroxide; lipopolysaccharide; muramyldipeptide; liposomes

ABSTRAKT: Imunogenita zivého a inaktivovaného viru BHV-1, resp. kombinace s dal$imi nespecifickymi adjuvantnimi
litkami, a to prazdnymi liposomy, lipopolysacharidem (LPS), muramyldipeptidem (MDP) a hydroxidem hlinitym (Aluxid),
byla testovana na BALB/c mysSich, které byly rozdéleny do osmi patndcti¢lennych skupin. Imunizace a reimunizace byly
provedeny subkutanné davkami 0.2 ml suspenze inaktivovaného viru s obsahem 1 pg bilkovin. 21. den pokusu byly mysi
reimunizovany stejnou divkou. Z kazdé skupiny bylo 21., 35. a 49. den usmrceno pét mysi a ziskana krevni séra byla pouzita
k sérologickému vySetfeni metodou ELISA. Bylo zjisténo, Ze ve srovndni se standardnim imunopotenciaénim efektem hyd-
roxidu hlinitého byla vy$3i protilitkova odpovéd zaznamendna jiz po aplikaci inaktivovaného viru BHV-1 a prazdnych
liposomi nebo samotného LPS, resp. LPS v kombinaci s priazdnymi liposomy. Imuniza¢ni davka sestdvajici z inaktivované¢ho

viru BHV-1, MDP a prizdnych liposomi méla imuniza¢ni efekt nejvy3si.

virus BHV-1; protilitkova odpoveéd; hydroxid hlinity; lipopolysacharid; muramyldipeptid: liposomy

INTRODUCTION

The basic tool of immunoprophylaxis of infectious
diseases in farm animals is live and inactivated vac-
cines inducing specific protective immunity. The fact
that the immunogenicity of inactivated or subunit anti-
gens is lower than that of live vaccines has motivated
the efforts to innovate biologicals of the former type.
Their common feature have been attempts to increase
the immunogenicity of inactivated antigens, originally
with Freund’s adjuvant or aluminium hydroxide and
recently replaced by new carrier types, such as
liposomes (Gregoriadis, 1990), microparticles
(Kreuter et al., 1986) or structures of the ISCOM
type (Morein et al, 1984), completed with immu-
nostimulants, such as muramyldipeptide (Ulrich and
Fidler, 1992), lipid A (Verma etal, 1992; Alv-
ing, 1993), avridine (Fatunmbi et al.,, 1992) and
other substances enhancing the activity of the immune
system of animals (Allison and Byards, 1986;
Warren and Cheddid, 1988; Bomford, 1992).

Only vaccines containing inactivated antigens of bo-
vine herpesvirus | (BHV-1) with aluminium hydroxide
as the most common adjuvant are currently used for
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specific prophylaxis of infectious bovine rhinotrachei-
tis (IBR) within herd sanation programmes.

Both the intensity of the antibody response and dy-
namics and persistence of immunity induced by inacti-
vated vaccines are rather limited. The enhancement of
the immunogenicity of inactivated IBR vaccines is still
a topical task and has become the subject of our inves-
tigations. The aim of our experiments was to define in
mice the effects of empty liposomes, lipopolysaccha-
ride and muramyldipeptide, which are known to stimu-
late the immune response (Gregoriadis, 1990), on
the antigenicity of purified inactivated BHV-1 by com-
paring them with the effects of aluminium hydroxide.

MATERIAL AND METHODS

Chemicals

The following chemicals were used in our experi-
ments: egg phosphatidyl choline (PC), muramyldipep-
tide (MDP), tetramethylbenzidine (TMB, Sigma, St.
Louis, USA), cholesterol (C, Flow, High Wycombe,
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U.K.), aluminium hydroxide (Aluxid, Bioveta, Nitra,
Slovak Republic), and lipopolysaccharide (LPS). The
latter was prepared from a culture of Bordetella bron-
chiseptica by phenolic extraction as described by
Westphal et al. (1952). Its detailed characteristics
are described elsewhere (Toman et al., 1994).

Virus

A strain of BHV-1 was propagated in the calf kid-
ney cell line MDBK. The cell cultures were inoculated
with a defined dose of BHV-1 (3 to 5 TCIDs, per cell)
and were repeatedly frozen-thawed as soon as a marked
cytopathic effect developed. i. e. 24 to 36 hours after
the inoculation. The cell debris was removed by cen-
trifugation (25 min at 7,000 rpm, rotor JS-7.5, Beck-
man J2-21M), the suspension was concentrated by ul-
trafiltration (Amicon) and the virus was purified by
velocity ultracentrifugation in a discontinuous potas-
sium lartrate density gradient (30/50% w/v, 2 h at 4 °C
and 27,000 rpm, rotor SW 28, Beckman L8-80M)
(Trudel et al., 1987). The virus-containing fractions
were pooled and centrifuged (90 min at 100,000 x g,
rotor Sw 55 Ti, Beckman L.8-80M) and the sediment
was resuspended in TEN buffer (0.15 M NaCl, 0.05 M
Tris-HCI, 0.01 M EDTA, pH 7.4) to obtain 1 per cent
of the original volume.

The concentrated virus was inactivated with 0.05%
formaldehyde at 4 °C for 3 days and the inactivation
was checked by reinfection of cell cultures.

Protein concentration was determined (Bradford,
1976) in the resulting suspension which was subse-
quently diluted to contain 1 pg protein per 1 dose.
Non-inactivated BHV-1 was prepared in the same way
and used in immunization experiments as a live virus.,

Liposomes

Multilamellar liposomes were prepared from egg
phosphatidyl choline (PC) and cholesterol (C) at the
molar ratio 0.5:0.5 using the method of Kirby and
Gregoriadis (1984). The mice were immunized
with liposomes free of virus protein (empty liposomes).
One dose contained | mg of the freeze-dried product.

Immunization

The antigenicity of the live and the inactivated
BHV-1 and of the combinations of the latter with non-
-specific adjuvants including liposomes, LPS, MDP
and aluminium hydroxide was tested in BALB/c mice
divided into ecight groups with fifteen animals in each.
Each mouse received subcutaneously 0.2 ml of the in-
activated virus suspension containing 1 pg of protein.
Reinoculation with the same dose was made on Day 21.
Five mice of each group were sacrificed to collect
blood samples for serological examinations on Days
21, 35 and 49.

The following inocula were used in the eight groups:
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1 — live virus (1 pg protein)

2 — inactivated virus (1 pg protein)

3 — inactivated virus (1 pg protein) + 0.1 ml Aluxid

4 — inactivated virus (1 pg protein) + 10 pg LPS (dry
matter)

S — inactivated virus (1 pg protein) + | mg empty li-
posomes

6 — inactivated virus (1 pg protein) + 1 pg LPS (dry
matter) + | mg empty liposomes

7 — inactivated virus (1 pg protein) + 10 pg LPS (dry
matter) + 1 mg empty liposomes

8 — inactivated virus (1 pug protein) + 10 pg MDP +
1 mg empty liposomes.

Titration of antibodies

Titres of antibodies to BHV-1 were determined by
indirect ELISA using the complete BHV-1 and a sus-
pension of non-infected MDBK cells, processed in the
same way as the positive and the negative control an-
tigens, respectively. Blood sera were assayed in two-
fold dilution series within the range 1 : 100 — endpoint.
Mean values and standard deviations were calculated
for each group from all recorded antibody titres includ-
ing the negative ones. Porcine antibodies to murine
IgG, purified by affinite chromatography and labelled
with horse-radish peroxidase (Farr and Nakane,
1991), were used as the conjugate. The reaction was
visualized with hydrogen peroxide and tetramethyl-
benzidine. Differences between the mean values of
Groups 1, 2, and 4 through 8 and that of Group 3 were
analysed by the r-test.

RESULTS

The results obtained in Groups | through 8 inocu-
lated and reinoculated with live or inactivated BHV-1
alone or inactivated BHV-1 combined with aluminium
hydroxide as the conventional adjuvant, or with LPS
are shown in Tab. L.

The significantly weakest antibody response was
found in all three samplings of the mice immunized
with inactivated virus alone (Group 2), in which no
marked rise in antibody titres was observed even after
reimmunization. A marked rise in antibody, titres after
reimmunization recorded in the mice treated with live
virus (Group 1) was followed by an apparent decrease
on Day 49. However, the differences were insignificant
when compared with Group 3.

A gradual increase in antibody titres up to Day 49
was demonstrated in the mice treated with inactivated
BHV-1 combined with aluminium hydroxide (Group 3)
or LPS (Group 4). The strongest antibody responses
were observed in the latter group. Compared with
Group 3, the differences were significant in the samples
collected on Days 21 and 35.

Empty liposomes or their combinations with LPS or
MDP were used as components of inocula in Groups 5
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I. Antibody responses in mice immunized with BHV-1

Antibody titres on days
Group Treatment
21 35 49

1 live virus 240 £ 285 11040 + 8 769 640 + 480
2 inactivated virus 20 + 24* 260 % 120* 190 * 120*
3 inactivated virus + AI(OH), 60 + 20# 880 + 391# 3 040 + 1 920#
4 inactivated virus + 10 pg LPS 180 + 40** 7 040 + 3 135* 10 880 £ 7 993
5 inactivated virus + liposomes 100 + 63 3520+ 1 567* 640 £ 196*
6 inactivated virus + liposomes + | pug LPS 20 + 40 5120 £ 1 567** 2400 +2 023
7 inactivated virus + liposomes + 10 pg LPS 520 + 240* 12 800 £ 7 010* 8 320 % 3 840*
8 inactivated virus + liposomes + 10 pg MDP 640 + 195** 17 920 + 8 960* 8960 £ 3 135**

Legends:

Each group consisted of 15 mice

* =P<00S

= P00l

# = reference values for tests of significance

through 8. It is evident from the results that even empty
liposomes enhanced significantly the formation of an-
tibodies, although the effect was only short (Group 5).
LPS increased significantly the antibody response
reaching its maximum on Day 35. The strongest re-
sponses and similar dynamics of antibody titres were
recorded in Group 8, in which LPS was replaced by
MDP.

DISCUSSION

Effective inactivated vaccines and continuous sero-
logical monitoring are the essential prerequisites of
success in programmes aimed at stepwise sanitation of
cattle herds and elimination of IBR. The immunization
should induce a solid and permanent protective immu-
nity in the vaccinates and thus prevent the circulation
of the causative agent in animal populations. Therefore,
studies aimed at the enhancement of immunogenicity
of inactivated BHV-1 antigens are of considerable im-
portance for the current epidemiological practice.

Significant enhancing effects of incorporation of
BHV-1 proteins in ISCOMs or liposomes on their im-
munogenicity were published earlier (Hampl et al.,
1992; Franz et al., 1992). However, the prospects of
commercial manufacture of such biologicals are limited
owing to the rather sophisticated procedure for isola-
tion of viral proteins to be incorporated.

Our investigations into the stimulation of antibody
responses concentrated on the effects of empty lipo-
somes, MDP and LPS isolated from Bordetella bron-
chiseptica. LPS and MDP are immunostimulants with
pronounced adjuvant activities (Gregoriadis, 1990).
Both activate macrophages and stimulate the produc-
tion of interleukin 1 triggering the whole chain of regu-
latory events. LPS, containing lipid A as the immu-
nologically active component, is also known for its
mitogenic effects on B lymphocytes. Several immu-
nostimulant activities were demonstrated in MDP
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(Maeda etal, 1989; Gregoriadis and Pana-
giotidi, 1989). Relevant to its use as an adjuvant is
its enhancing effect on cell-mediated immunity. The
use of empty liposomes as immunostimulants is not
common (de Haan et al., 1995a, b), but was moti-
vated by the known fact that macrophages are activated
by the uptake of liposomes.

Therefore the adjuvant activities of LPS and MDP
in combinations with empty liposomes and possible cu-
mulative effects were investigated in our experiments.
Mice were chosen as experimental animals to test the
effects in the simplest possible way although this species
is not a natural host of BHV-1. ELISA, as a method
with a sufficient specificity and sensitivity, was used
for the evaluation of the level and dynamics of anti-
body titres. ELISA is used currently within IBR herd
control programmes and its results correlate well with
those of neutralization test (Suribaru et al., 1984;
Cho and Bohac, 1985; Pechman et al., 1995).

Mean titres obtained in Group 3, treated with the
vaccine containing aluminium hydroxide gel as the
conventional adjuvant, were taken as reference values
and differences found in the remaining groups were
tested for significance. Our results have confirmed the
finding of Naylor et al. (1982) that the adminis-
tration of virus protein alone induces only a weak an-
tibody response. A considerably stronger immu-
nostimulatory effect, evident from an increase of
antibody titres in blood sera collected after the first
immunization and their persistence, was observed after
the administration of the vaccine containing LPS.

Simple procedures of preparing multilamellar
liposomes, their prolonged storability in dehydrated
state led us to tests of a vaccine prepared from inacti-
vated virus and empty liposomes. Although the mean
peak value of antibody titre induced by such a vaccine
was significantly higher, the persistence of antibodies
in blood serum was shorter than after the treatment
with the vaccine containing aluminium hydroxide. Sig-
nificantly stronger immunostimulatory effects were ob-
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served in both the primary and the secondary responses
to treatments with vaccines containing liposomes and
LPS or MDP. The highest antibody titres and longest
persistence in blood sera were recorded in Group 8
treated with the vaccine containing inactivated virus,
empty liposomes and MDP. Similar results were re-
ported, among others, by Tsujimoto et al. (1989)
and Nerome et al., (1990), who used derivatives of
MDP and antigens of hepatitis B viruses and influenza
virus, respectively. No data on such potentiating of an-
tigenicity of BHV-1 were found in available literature.
Some of the differences found in our investigations
were insignificant owing to a high standard deviation
of antibody titres resulting from a considerable varia-
tion of immune responses in individual mice, evident
particularly in Groups 2 and 6, in which antibody re-
sponses were demonstrable in 2 and 1 animals, respec-
tively, on post-immunization Day 21. Another example
thereof are blood sera collectd in Group 4 on Day 49.
The enhancement of antigenicity of inactivated
BHV-1 by the combinations of preformed liposomes
with LPS or MDP, demonstrated in our experiments,
allows us to expect that such supplementation could
increase the potency of the existing biologicals. If the
results presented here are confirmed by long-term ex-
periments in larger animals and natural hosts of BHV-1,
such vaccines could replace the vaccines with added oil
adjuvants that are not currently approved for use in the
Czech Republic owing to frequent adverse reactions.
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SURVIVAL OF MODEL BACTERIAL STRAINS AND HELMINTH
EGGS IN THE COURSE OF MESOPHILIC ANAEROBIC DIGESTION
OF PIG SLURRY

PREZIVANIE MODELOVYCH BAKTERIALNYCH KMENOV A VAJICOK
HELMINTOV V PRIEBEHU ANAEROBNEJ STABILIZACIE TEKUTYCH
EXKREMENTOV OSIPANYCH

P. Juris', F. Téth’, A. Laukova’, P. Plachy', P. Dubinsky', J. Sokol*

]Parasitological Institute of the Slovak Academy of Sciences, KoSice, Slovak Republic
Institute of Experimental Veterinary Medicine, Ivanka pri Dunaji, Slovak Republic
*Institute of Physiology of Farm Animals, KoSice, Slovak Republic

State Veterinary Administration of the Slovak Republic, KoSice

ABSTRACT: The effect of methanogenesis on the survival of model bacterial strains (Escherichia coli EC 5, Staphylococcus
aureus SA 11, Enterococcus faecium CCM 4231) and non-embryonated helminth eggs (Ascaris suum) was investigated in
pig slurry. Two pilot-plant experiments were carried out in two anaerobic digesters (800 and 1 000 litre) in a mesophilic
thermal range (35-37 °C). The mean hydraulic retention time of the digesters was 20 days. The methanogenesis process was
monitored by determining the following chemical parameters: pH, N-NH;, total dry matter (kg/day), organic matter (kg/day)
production of methane by supplied and degraded organic matter (mj/kg). The results obtained allow us to state that the
anaerobic stabilization of pig slurry in the mesophilic temperature range resulted in total devitalization of model bacterial
strains E. coli EC 5 and Ent. faecium CCM 4231. St. aureus SA 11 cells, exposed to the above mentioned conditions, were
also reduced in their number from 10.04 to 3.27 and from 8.69 to 2.77 log cfu/ml. It is assumed that the longer retention
time of excrements in the digester could also result in total devitalization of St. aureus SA 11 cells. From the microbiological
point of view, the above mentioned facts indicate a sufficient hygienization effect of the anaerobic fermentation on the
contaminated pig excrements. The survival of A. suum eggs was little affected by the 20-day anaerobic mesophilic digestion
of pig slurry. Only 17 or 18% (F1, F2) of the non-embryonated A. suum eggs were damaged after the 20-day exposure.

pig slurry; anaerobic mesophilic digestion; survival; Escherichia coli EC 5; Staphylococcus aureus SA 11; Enterococcus
Sfaecium CCM 4231; non-embryonated Ascaris suum eggs

ABSTRAKT: V poloprevadzkovych experimentoch v dvoch anaerébnych fermentoroch (800 a 1 000 1), ktorych pracovny
rezim prebiehal v mezofilnom teplotnom pasme (35-37 °C) sa sledoval vplyv metanogenézy tekutych exkrementov o$ipanych
na vitalitu modelovych mikrobialnych zirodkov (Escherichia coli EC S, Staphylococcus aureus SA 11, Enterococcus faecium
CCM 4231) a neembryonovanych vaji¢ok Ascaris suum. Doba zdrZania tekutych exkrementov oSipanych bola u oboch
fermentorov 20-diiova. Sledovanim vybranych chemickych parametrov: pH, N-NH,, celkovej suiny (kg/deii), organickych
latok (kg/deii), produkcie metianu na privedené organické latky (m‘/kg), bol monitorovany priebeh anaerébne;j stabilizacie.
Na ziklade vysledkov moZno kon§tatovat, Ze vplyvom anaerobnej stabilizacie tekutych exkrementov oSipanych v mezofilnej
teplotnej oblasti do3lo k totdlnej devitalizcii modelovych bekteridlnych kmefov E. coli EC § a Ent. faecium CCM 4231.
Pocty St. aureus SA 11 sa po tejto expozicii redukovali z 10,04 na hodnotu 3,27 (F1) a z 8,69 na hodnotu 2,77 log cfu/ml
(F2). Je predpoklad, Ze predlZenim doby zdrZania exkrementov vo fermentore by doSlo aj u kmefia St. aureus k totilnej
devitalizacii. Z vy33ie uvedeného vyplyva, Ze anaerébna stabilizicia ma z aspektu mikrobiologického dostacujici hygienizac-
ny efekt na kontaminované exkrementy o$ipanych. Vitalita vaji¢ok A. suum v priebehu 20-difovej anaerébnej stabilizdcie
tekutych exkrementov oSipanych nebola preukdzne ovplyvnend. Po 20-dfiovej expozicii bolo devitalizovanych len 17 resp.
18 % (F1, F2) neembryonovanych vajicok A. suum.

tekuté exkrementy oSipanych; anaerébna stabilizdcia; preZivanie; Escherichia coli EC S; Staphylococcus aureus SA 11;
Enterococcus faecium CCM 4231; neembryonované vaji¢ka Ascaris suum
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INTRODUCTION

The increase in farm animal stocks results in the
production of excessive amounts of organic manure in
the form of slurry, dung, and dung water in some areas
which, considering the environmental protection regu-
lations, cannot be applied to the soil. Litterless tech-
nologies of rearing, mainly on large-scale farms for
pigs. poultry and cattle, cause considerable accumula-
tion of excrements of farm animals in the form of slurry
which, contrary to completely recyclable dung, may
have considerable effects on the living environment.
The untreated and difficult to store slurry from litterless
houses for farm animals contributes with its odour, risk

of seepage into ground water, and contamination of
surface water to the evident decrease of the quality of

the environment (Strauch, 1991; Venglovsky
etal., 1994; Borso. 1994). Moreover, it can serve as
a medium of spreading of numerous pathogens.

One of the possible approaches of solving these
problems consists in the utilization of various methods
of the treatment of slurry. The purpose of this treatment
of slurry is the improvement of its properties and handle-
ability at simultaneous preservation of its manuring
value. The objective of the treatment methods is to treat
the liquid component of the excrements, obtained after
separation, to such a degree that it can be applied to the
soil or discharged into water courses. During the treat-
ment the dissolved organic substances undergo oxida-
tion and change to biomass which has to be removed
from the treatment process. The difficult to decompose
portion of the excrements consists of fibres composed
of cellulose, hemicellulose and lignin (Zapletal,
1988). The dry matter content, which is usually in the
range of 4.5-7.0% in dung water and higher than 9.5%
in liquid manure, is important in view of the subsequent
treatment. The content of organic matter in this me-

dium is a multiple of the common concentration of
organic contaminants in sewage. The properties of

slurry also depend on the animal species that produce
the slurry in question.

The anaerobic stabilization is a process during
which, under the action of microorganisms, the organic

substances are decomposed at the development of

biogas. The aerobic and anaerobic processes differ not
only in the organisms which induce and carry out the
reactions but also in the products which are obtained in
these processes. The final products of aerobic stabiliza-
tion are CO,, H,0 and NO3. One of the disadvantages
of anaerobic stabilization is the relatively high concen-
tration of organic substances in the effluent and lower
effectiveness of the treatment in comparison with the
aerobic process (Dohdanyo§ and Zdabranska,
1991; OndraSovic¢ova etal, 1994; Ondrasovic
et al., 1994).

The aim of this study was to determine the effect of
methanogenesis in pilot-scale experiment in the meso-
philic thermal range on long-term survival of selected
model bacterial strains and helminth eggs.
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MATERIAL AND METHODS

Liquid manure (fugate) from a large-capacity farm,
not subjected to any previous treatment, was used in
anaerobic stabilization experiments (methanogenesis).
The process took place in two pilot-plant anaerobic
digesters (F1: with a bed — 800 I, F2: without a bed -
1 000 I, Institute of Experimental Veterinary Medicine,
Ivanka pri Dunaji, Slovakia, Fig. 1) operating in
a mesophilic thermal range (35-37 °C). Stabilized
sludge from a sewage treatment plant, pretreated an-
aerobically, was injected into the digester.

A gas meter PL (Vychodoceské plynarny k. p.
Skute¢, Czech Republic) was used to measure the vo-
lume of the produced gas.

Dry matter, organic substances, total nitrogen, lower
fatty acids and ammonia were determined according to
the Standard Methods for the Examination of Water
and Wastewater (1980). The pH value was measured
using a digital pH meter mfd by Radelkis equipped
with a glass electrode. To detect the microbial survival,
the following model strains were used: Escherichia coli
EC S, Staphylococcus aureus SA 11, and Enterococcus

faecium CCM 4231 (Institute of Animal Physiology

SAS, Kosice, Slovakia). The selection of model bacte-

F1

- 800 1,
F2: without a bed - 1 000 I, Insutute of Experimental Veterinary

1. Two pilot-plant anaerobic digesters (F1: with a bed

Medicine, Ivanka pri Dunaji. Slovak Republic)
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I. The survival of model strains Ent. faecium CCM 4231, E. coli EC 5 and St. aureus SA 11 during anaerobic mesophilic digestion of pig

slurry in the fermentor of 800 | volume (log cfu/ml)

E):}'r)(::yu)rc Exrh('géh;a coli Control SISZur]'elu.r Control b('jléhjdu?zl'l:;" Control
1 7.30 6.76 10.04 8.15 9.51 6.73
6 6.12 597 9.11 8.13 7.06 6.66
11 2.65 4.30 7.76 7.09 451 3.53
17 1.02 3.02 5.79 534 2.11 1.07
18 0 2.02 5.61 5.06 0 0
20 0 0 327 297 0 0

rial species used in the experiments was based on the
knowledge that these bacterial strains are natural com-
ponents of animal excrements (Khalaf and Mu-
hammad, 1989). The pig slurry was inoculated with
1 liter of a 24 hr culture of individual model strains
(10" cfu/ml) cultivated in Nutrient Broth No. 2 as well
as in Todd-Hewith Broth (Imuna, Sari§ské Michalany,
Slovakia).

The total number and survival of the model bacterial
strains were observed during the entire experiment in
1-3 day intervals. Samples were diluted in a saline so-
lution (ratio 1 : 9). Individual dilutions (100 pl) were
spread on appropriate selective media.

The total number of E. coli EC 5 strains was deter-
mined on MacConkey agar (Imuna). St. aureus SA 11
strain was grown on Mannitol Salt Agar (oxoid). Se-
lective medium for faecal streptococci (Imuna) with an
addition of 20 g of pure agar, 60 g of sodium chloride
and 10% of defibrinated sheep blood per 1000 ml was
used for determination of Ent. faecium CCM 4231
strain.

Non-stabilized excrements inoculated with the same
model bacterial strains and stored at laboratory tem-
perature were used as control samples.

Model, non-embryonated eggs of Ascaris suum, ob-
tained by dissection of the distal uterine end of adult
female A. suum were used in the experiments. The vi-
ability of A. suum eggs was determined by their culti-
vation at 26 °C for 21 days until embryonation.

Non-stabilized excrements inoculated with non-em-
bryonated A. suum eggs and stored at laboratory tem-
perature were used as control samples.

RESULTS

The anaerobic stabilization process was monitored
by determining the following chemical parameters: pH,
N-NH3, total dry matter (kg/day), organic substances
(kg/day) production of methane by supplied and de-
graded organic matter (m3/kg).

Results of the testing of the effect of anaerobic sta-
bilization on model microbial strains are summarized
in Tabs. I and II. The total growth inhibition of E. coli
EC 5 and Ent. faecium CCM 4231 strains was recorded
on days 18 and 20 of the anaerobic mesophilic stabili-
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zation. St. aureus SA 11 strain was not eliminated com-
pletely at the end of experiment (20th day), although
the growth of this strain was suppressed during the
stabilization process in both digestors (Tabs. I and II).
Therefore the total number of SA 11 strains decreased
from the initial 10.04 to 3.27 or 8.69 to 2.77 (log
cfu/ml).

The most pronounced devitalization effect of the
process of anaerobic stabilization was observed in the
strain EC 5. As soon as on day 9 of the stabilization in
the fermentor No. 1 marked inhibition of its growth
was detected in comparison with the non-stabilized
control sample (from 3.86 to 4.49 log cfu/ml).

The results obtained suggest that the prolongation
excrement retention in an anaerobic digester could
achieve complete devitalization of St. aureus SA 11
cells. Regarding the results, it was revealed that Gram-
-negative, aerobic or facultatively anaerobic bacteria
are more susceptible to this technological process than
the facultatively anaerobic, Gram-positive species.

The proportion of viable and damaged eggs of As-
caris suum expressed in per cent, observed in the
course of anaerobic digestion of pig slurry, is illus-
trated in Tab. III. The 20 day period of action of the
fermentation process in a stable temperature range
35-37 °C resulted in devitalization of only 17 or 18%
(F1, F2) of the Ascaris suum non-embryonated eggs
present in the slurry.

DISCUSSION

Mesophilic temperature range of 35-37 °C is favour-
able for the growth of facultatively anaerobic micro-
organisms, which include all tested strains E. coli, St.
aureus and Ent. faecium. The principal factor for the
further survival of these strains is their transfer into
anaerobic conditions during methanogenesis. Their sur-
vival is determined primarily by the presence of certain
substances in culture medium. Thus e.g., St. aureus
inevitably requires uracil for its anaerobic growth,
some other strains require in addition biotin and pan-
tothenic acid. The same situation is with the other
strains tested. The supposition is that the disappearance
of these substances from culture medium entails the
destruction of pathogens. The effect of mesophilic tem-
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I1. The survival of model strains Ent. fuecium CCM 4231, E. coli EC 5 and St. aureus SA 11 duning anaerobic mesophilic digestion of pig

slurry in the fermentor of 1 000 1 volume (log cfu/ml)

E;g&;;u)re E.u‘hygéh;u coli Control Sl;qluﬁm Control ['CI.I(I‘ r&m:‘._;g;" Control
1 6.78 5.90 8.69 8.63 8.19 8.69
6 5.77 5.30 8.60 8.16 5.18 8.0
11 2.30 3.0 8.0 8.0 3.10 7.03
17 1.02 1.60 7.07 7.14 2.14 4.77
18 0 1.60 5.47 4.45 1.10 4.49
20 0 0 2.77 4.15 0 2.77
I11. Survival of non-embryonated Ascaris suum eggs in the course of anaerobic mesophilic digestion of pig slurry
Fermentor F1, F2 F1, volume 800 | F2, volume 1 000 1
(El))(s;)sure viable damaged % (n=2) viable damaged % (n=2)
1 90.0 90.0 10.0 95.5 45 45
6 91.5 8.5 8.5 94.0 6.0 6.0
11 87.5 12.5 12.5 92.0 8.0 8.0
17 845 15.5 15.5 91.5 85 85
18 83.5 16.5 16.5 84.5 15.5 15.5
20 82.0 18.0 18.0 83.0 17.0 17.0
Controls 92.5 7.5 75 95.0 5.0 5.0

perature on the survival of microorganisms is therefore
not decisive. This is supported also by control results
in strain E. coli EC 5, with the increase from 3.8 to
4.49 log cfu/ml. Mesophilic temperatures are favour-
able both for the activity of methanogenous microor-
ganisms and for the survival of pathogens during
methanogenesis. The time of survival of facultatively
anaerobic microorganisms is, however, determined by
the presence of vital nutrients. It is then more under-
standable that termophilic temperature range at 48 °C
(Carrington, 1992) even more shortens the time
for destruction of Salmonella strains to 1.4 days, com-
pared to 1.6 days at 35 °C at mesophilic range.

Olsen et al. (1985) observed that Mycobacterium
tuberculosis survived for 21 days in cattle slurry sub-
jected to anaerobic stabilization, their initial number
being 3.3.10°-2.7.10%. The prolongation of the reten-
tion time to 28 days resulted in their total disinfection.
Eggs of helminths also exhibit high tenacity in the en-
vironment. The time of survival of some bacteria (Sal-
monella typhimurium, E. coli, St. aureus) at anaerobic
storage of slurry was observed by Larsen and
Munch (1983).

The bacteria investigated were disinfected within
several hours under thermophilic conditions, within
several days under mesophilic conditions and after se-
veral weeks in the low temperature range. This implies
that from the practical point of view the anaerobic sta-
bilization, which occurs in the mesophilic temperature
range, has no marked lethal effect on helminth eggs.
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In addition, Kearney et al. (1993) observed the
survival of some bacteria (E. coli, S. typhimurium,
Yersinia enterocolitica, Listeria monocytogenes, and
Campylobacter jejuni) in the course of anaerobic meso-
philic stabilization in a digester of volume 210 m® at
the mean hydraulic retention time 24 days. Of all germs
observed in the environment of the digester the least
resistant was Yersinia enterocolitica with the decima-
tion time Tq, equal to 18.2 days, more resistant was
E. coli with Ty 76.9 days, and the most resistant was
Campylobacter jejuni with Ty, 438.6 days.

Black (1982) stated that the vitality of eggs of the
genus Ascaris was preserved in the course of anaerobic
stabilization at the temperature 35 °C. Only 23% eggs
were devitalized. The data of the author mentioned
above correspond to our results which were obtained in
the pilot plant experiment. After a 20-day exposure (at
35-37 °C) in an anaerobic digester only 18% non-em-
bryonated A. suum eggs were devitalized.

Animal excrements are considered to be lifeless vec-
tors of the transfer of agents of various diseases. They
contain a wide range of microorganisms. It was deter-
mined that approximately 10'0 microorganisms are
found in 1 g of slurry dry matter and out of that 3-4%
are pathogenic or potential pathogenic microorganisms.
The floor of an animal house becomes in this way the
pool of all infectious agents which occur in the con-
fined house and on animals. For this reason, in the case
of all the infections which arise in the livestock, ma-
nure and slurry should be considered as infected. Be-

Vet. Med. - Czech, 41, 1996 (5): 149-153



sides these infections which must be reported, a whole
range of other infectious diseases, which commonly
occur in farm animals, enters the manure and slurry via
animal excrements. In view of protection of the envi-
ronment from dangerous infections one must keep in
mind that it is necessary to determine experimentally
the optimum exposure time (retention time of the ex-
crements in the digester) needed for anaerobic stabili-
zation of liquid excrements of farm animals which
occurs in various temperature zones. This exposure
time must ensure a reliable hygienization effect. It is
a well known fact that the temperature level of the sta-
bilization process affects directly the disinfection of
pathogenic germs.
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SHORT COMMUNICATION - KRATKE SDELENI

INTERACTIONS OF LACTOBACILLUS SPP.
AND ENTEROPATHOGENIC ESCHERICHIA COLI
UNDER IN VITRO AND IN VIVO CONDITIONS

EFEKT LACTOBACILLUS SPP. PROTI ENTEROPATOGENNYM
ESCHERICHIA COLI V PODMIENKACH IN VITRO A IN VIVO

A. Bomba', R. Nemcova', R. Kastel?, R. Herich', J. Pataky', M. Cizek*

'Research Institute of Experimental Veterinary Medicine, KoSice, Slovak Republic
2University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: In the present study, the effect of Lactobacillus spp. against enteropathogenic Escherichia coli 08:K88*Ent*
under in vitro and in vivo conditions has been compared and the effect of inoculation of Lactobacillus spp. upon the
colonization of both the jejunum and ileum by enteropathogenic E. coli 08:K88*Ent* in 9 gnotobiotic pigs has been observed.
Under in vitro conditions, the strain Lactobacillus spp. showed the inhibition of 2.1 + 0.1 mm against enteropathogenic E. coli
08:K88*Ent*™. Two days after the inoculation, the enteropathogenic E. coli 08:K88*Ent*, inoculated to the control group of
gnotobiotic pigs (E), colonized the mucosa of both jejunum and ileum of gnotobiotic pigs at counts of 6.41 and 6.08 log
10/em?, respectively. In experimental group (L-E), the counts of adhered enteropathogenic E. coli in the identical sections of
the small intestine, following the inoculation by Lactobacillus spp., amounted to 6.35 and 6.43 log/cmz. respectively. In both
groups, numbers of E. coli in the intestinal content of both jejunum and ileum were nearly the same (group E 9.03 and 9.31
log 10/ml; group L-E 8.97 and 9.11 log 10/ml). Two to five days after E. coli inoculation, Lactobacillus spp. counts adhered
to the jejunal wall ranged from 5.4 to 6.49 log 10 em?; in the ileum they ranged from 6.05 to 6.77 log 10 cm?. In the jejunal
content, the lactobacilli counts ranged from 6.81 to 8.86 log 10/ml and in the ileum from 8.5 to 8.98 log 10/ml. Two days
after the E. coli inoculation, the concentration of lactic acid in the content of jejunum in gnotobiotic pigs of the groups E
and L-E was 16.3 mmol/l and 23.6 mmol/l, respectively. The concentration of acetic acid in the jejunum of the pigs of E and
L-E groups was 15.9 mmol/l and 19.6 mmol/l, respectively. Similarly, the higher concentrations of both acids were found
also in the ileum of the L-E pigs. The results obtained indicate that the used strain of Lactobacillus spp. which has been
preventively inoculated to gnotobiotic pigs, did not prevent the adhesion of enteropathogenic E. coli 08:K88"Ent* to the
mucosa of both jejunum and ileum also despite of the demonstrated inhibitory effect against enteropathogenic E. coli under
in vitro conditions and despite good adherent ability in vivo. In both groups of animals, the diseases with pronounced clinical
signs as well as losses have occurred.

bacterial interactions; gnotobiotic pig; Lactobacillus spp.; enteropathogenic E. coli; colonization; digestive tract

ABSTRAKT: V predloZenej prici bol porovnavany efekt Lactobacillus spp. proti enteropatogénnym E. coli 08:K88"Ent*
v podmienkach in vitre a in vivo a bol sledovany vplyv inokulicie Lactobacilus spp. na kolonizéciu jejina a ilea enteropa-
togénnymi E. coli 08:K88Ent™ u deviatich gnotobiotickych ciciakov. PouZity kmeii Lactobacillus spp. v podmienkach in
vitro vykazoval vodi enteropatogénnym E. coli 08:K88*Ent* inhibiciu 2,1 + 0,1 mm. Enteropatogénne E. coli 08:K88*Ent*
inokulované kontrolnej skupine gnotobiotickych ciciakov (E) kolonizovali, dva dni po inokulécii, sliznicu jejina a ilea
gnotobiotickych ciciakov v poctoch 6,41 a 6,08 log 10/cm®. vV pokusnej skupine (L-E) dosiahla populadcia adherovanych
enteropatogénnych E. coli v rovnakych isekoch tenkého éreva, po predchadzajicej inokulacii Lactobacillus spp., po¢tov 6,35
a 6,43 log 10/cm?. Aj polty E. coli v ¢revnom obsahu jejina a ilea oboch skupin boli pribliZne rovnaké (skupina E 9,03
a 9,31 log 10/ml, skupina L-E 8,97 a 9,11 log 10/ml). Dva aZ pit dni po inokulacii E. coli, adherovali Lactobacillus spp. na
stenu jejuna v pocétoch 5,4-6,49 log 10/cm’ a v ileu 6,05-6,77 log 10/cm?. V obsahu jejina sa poéty laktobacilov pohybovali
v rozpiti 6,81-8,86 log 10/ml a v ileu 8,5-8,98 log 10/ml. Koncentracia kyseliny mlie¢nej, dva dni po inokuldcii E. coli, bola
v obsahu jejina gnotobiotickych ciciakov skupiny E 16,3 mmol/l a v skupine L-E 23,6 mmol/l. Koncentracia kyseliny octovej
v jejine dosiahla u ciciakov skupiny E 15,9 mmol/l a v skupine L-E 19,6 mmol/l. Podobne aj v ileu boli zistené vysSie
koncentracie oboch kyselin u ciciakov skupiny L-E. Dosiahnuté vysledky poukazuju na to, Ze pouzity kmen Lactobacillus
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spp.. ktory bol preventivne inokulovany gnotobiotickym ciciakom, nezabrinil adherencii enteropatogénnych E. coli
08:K88*Ent* na sliznicu jejiina a ilea aj napriek preukdzanému inhibiénému efektu proti enteropatogénnym E. coli v pod-
mienkach in vitro a dobrej adherenénej schopnosti in vivo. U oboch skupin zvierat doslo k ochoreniu s vyraznymi klinickymi

priznakmi a Ghynu.

bakteridlne interakcie; Lactobacillus spp.; enteropatogénne E. coli; kolonizacia; traviaci trakt

INTRODUCTION

Pathogenic E. coli present the most frequent diar-
rhoea-causing agents in young animals (Tzipori,
1981). Employing probiotics seems to be a very effica-
cious method of preventing and treating diseases
caused by pathogenic microorganisms, mainly the diar-
rhoeic syndrome in the young of farm animals.

Some authors explain the antibacterial effects of pro-
biotics to result from the production of organic acids (lac-
tic, acetic and formic acids) and a decrease in pH (B a-
bel, 1977); the production of hydrogen peroxide, free
radicals and their bacteriostatic or bactericidal effect
(Piard and Desmazeaud, 1991); the production
of natural antibiotic substances — bacteriocins (Van-
denbergh, 1993); competitive exclusion (Chau-
viere et al., 1992) and antienterotoxic activity
Mitchell and Kenworthy, 1976).

The present knowledge obtained when studying the
micro-ecology of the digestive tract as well as the in-
ter-relationships of the microflora indicate that the bac-
terial interactions under in vivo conditions may have
a different mechanism from that under in vitro condi-
tions.

Gnotobiotic animals present the optimum model for
the exact investigation into the interactions of natural
microflora and pathogens under in vivo conditions
since they enable to study the inter-relationships of the
microorganisms.

The aim of our work was to compare the interactions
of Lactobacillus spp. and enteropathogenic E. coli
08:K88*Ent* under in vitro and in vivo conditions as
well as to observe the effect of Lactobacillus spp. ino-
culation upon the colonization of digestive tract in gno-
tobiotic pigs.

The testing of inhibitory effect of Lactobacillus spp.
against E. coli 08:K88*Ent" under in vitro conditions
was done by the well method of Czarnocka-
-Roczniakowa and Kujawa (1983). The in-
hibitory effect of Lactobacillus spp. against entero-
pathogenic E. coli in vivo was evaluated on gnotobiotic
animals.

Nine gnotobiotic pigs were included in the experi-
ment. They were obtained by hysterectomy and reared
in the isolators. The animals were divided into two
groups. In the group E there were four and in the group
L-E five animals, reared in two isolators in groups.

Group E of pigs was inoculated at 5 days of age with
enteropathogenic E. coli 08:K88"Ent*. The group L-E
was inoculated with Lactobacillus spp. at the age of 2,
3 and 4 days. On day 5 this group was inoculated with
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enteropathogenic E. coli 08:K88¥Ent*. Each inoculum
contained 1 x 10% germs in 1 ml. The animals received
it at a dose of 2 ml. The strain of Lactobacillus spp.
was isolated from the gut mucosa of the pig and strain
E. coli 08:K88*Ent* from the rectal swab of diarrhoeic
pigs.

In both groups, 2 animals were sacrificed at the age
of 7 days. In the L-E group, a pig at the age of 8 days
immediately before the perishing, as well as | animal
at the age of 10 days were sacrificed. Another pig in
this group as well as 2 animals from the group E could
not be sacrificed because of their sudden perishing.

When testing the inhibitory effect of the strain used
under in vitro conditions using the well method, the
tested strain of Lactobacillus spp. showed the inhibi-
tion 2.1 = 0.1 mm (the size of the inhibitory zone)
against enteropathogenic E. coli 08:K88"Ent*.

In the experiment on gnotobiotic pigs, the number
of enteropathogenic E. coli adhered to the mucosa of
the jejunum at the age of 7 days in groups E and L-E
amounted to 6.41 log 10/cm” and 6.35 log 10/cm?,
respectively (Fig. 1). At the age of 8 and 10 days, the
numbers of E. coli colonizing the mucosa of the jeju-
num in gnotobiotic pigs of group L-E were 6.1 and
5.2 log 10/cm®. E. coli adhered to the mucosa of the
ileum at the age of 7 days in groups E and L-E in
counts of 6.1 log 10/cm? and 6.4 log 10/cm?, respec-
tively. At the age of 8 and 10 days, the E. coli counts
on the mucosa of the ileum in pigs of the group L-E
amounted to 6.5 and 5.9 log 10/cm?, respectively.

In the content of jejunum, the E. coli counts in pigs
of the group E were 9.0 log 10/ml at the age of 7 days.
In group L-E, from day 7 to day 10 of age, the E. coli
counts ranged from 8.97 to 7.26 log 10/ml (Fig. 2). In
pigs of the group E, at the age of 7 days the numbers
of E. coli in the content of the ileum were 9.3 log
10/ml. In group L-E from day 7 to 10 of age, the num-
bers of E. coli decreased from 9.1 log 10/ml to 8.4 log
10/ml.

In pigs of the group L-E, the counts of lactobacilli
adhered to the wall of jejunum decreased from 6.5 log
10/cm? at the age of 7 days to 5.4 log 10/cm? at the
age of 10 days. In the content of the jejunum, the lac-
tobacilli counts decreased from 8.9 to 6.8 log 10/cm?
(Fig. 3). The population of lactobacilli adhered to the
mucosa of the ileum at the age of 7, 8 and 10 days
amounted to 6.6; 6.8 and 6.1 log 10/cm?, respectively;
in the content of ileum the values being 9.0; 8.9 and
8.5 log 10/cm?, respectively.

Lactic acid (LA) level in the content of jejunum of
E pigs at the age of 7 days was 16.3 mmol/Il. In group
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1. Colonization of jejunal mucosa by E. coli 08:K88 Ent” in gnoto-
biotic pigs

Legend to Figs. | and 2:
E = group of pigs inoculated by E. coli 08:K88"Ent"

2. Population of E. coli 08:K88"Ent” in the jejunal content of the
gnotobiotic pigs

L-E = group of pigs inoculated by Lactobacillus spp. and E. coli 08:K88"Ent*
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3. Colonization of jejunal mucosa and population of Lactobacillus
spp. in the jejunal content of gnotobiotic pigs

Legend:

M = mucosa, C = content

L-E, it decreased from 23.6 mmol/l at the age of 7 days
and 24.5 mmol/l at the age of 8 days to 3.5 mmol/l at
the age of 10 days. In E pigs, the level of acetic acid
in the content of jejunum was 15.9 mmol/l at the age
of 7 days. In L-E pigs it decreased gradually from
19.6 mmol/l at the age of 7 days to 6.0 mmol/l at the
age of 10 days.

The results obtained by several authors point out to
the unequal mechanism of bacterial interactions under
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in vitro and in vivo conditions and they also spur on to
study these problems as a whole. The strain of Lacto-
bacillus spp. used in the present study showed a pro-
nounced inhibition against E. coli 08:K88'Ent*
(2.1 mm in average). The inhibition was quantified by
the size of the inhibitory zone. The observation of the
interactions of the identical strains in gnotobiots while
at first Lactobacillus spp. and subsequently E. coli
were inoculated to germ-free pigs, has not confirmed
the inhibitory effect of lactobacilli found in vitro. The
E. coli counts adhered to intestinal mucosa as well as
in the content of jejunum and ileum were nearly the
same both in the group of gnotobiotic pigs, to which
merely E. coli had been inoculated and in the group
where Lactobacillus spp. had been applied preven-
tively.

It can be concluded on the basis of our results that
competition for adhesion receptors on intestinal mu-
cosa is unlikely to play a decisive part in the mecha-
nism of the inhibition of the enteropathogenic E. coli
adherence to the intestinal mucosa by lactobacilli. Our
previous results suggest that significantly higher levels
of organic acids produced by lactobacilli in the mucosal
film in comparison with the small intestine content may
form the efficient inhibitory barrier against digestive
tract pathogens (Bomba et al., 1995).

The results obtained can also be used for the selec-
tion of strains for probiotic purposes. The results of our
study point to the fact that the efficacy of the bacterial
strain which had been chosen for probiotic purposes
should be tested not only by in vitro methods but also
by in vivo ones. The gnotobiotic animals present an
optimum experimental model to verify the inhibitory
effect of probiotics against pathogens in vivo as they
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enable the selective observation of mutual interactions.
The gnotobiots exceedingly facilitate also the determi-
nation of the adherence ability of bacterial strains in
vivo.

In the following study the attention will be paid to
the selection of lactobacilli strains with good adherence
ability and considerable inhibitory effect against patho-
gens of the digestive tract in pigs using in vitro and in
vivo methods.
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IMMOBILIZATION IN ALGINATE GELS

IMOBILIZACE V ALGINATOVYCH GELECH

M. Jankovsky, L. Vasikova

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Summarization of literary data on immobilization in calcium alginates as published in the last two years. The
review focuses on those papers in which the new knowledge of immobilized enzymes, cells and tissues expands their

biotechnological applications.

alginates; immobilization; enzymes; cells; tissues

ABSTRAKT: Byly sumarizovény literdrni idaje o imobilizaci ve vipenatych alginétech tak, jak byly publikovany v prubéhu
asi dvou let. ReserSe je smérovana na ty prace, ve kterych nové poznatky o imobilizovanych enzymech, buiikach a tkanich

roz§ifuji moznost jejich biotechnologické aplikace.

alginity; imobilizace: enzymy; bunky: tkané

UvoD

K davno znamym aplikacim latek, tvoricich koloidni
systémy typu gel, jako je Zelatina, agar a dalsi, patiily
i alginaty v potravinafskych technologiich. Jejich indi-
ferentnost vici Zivym bunikdam vyustila nakonec ve snahu
vytvaret z nich ,loZe" pro prostorovou determi-
novatelnost suspenzniho prostoru, obsahujiciho mikro-
organismy nebo zivé bunky rostlin 1 Zivocicha. V sou-
¢asné dobé je poznatkl o ,.imobilizovanych® buiikach
tolik, Ze si logicky vynutily i prace sumarni. Jejich za-
méfeni je rizné. Za nejzajimavéjsi lze povazovat apli-
kaci ,,imobilizatd” v rozvijejicich se biotechnologic-
kych procesech.

Na toto téma byla napfiklad uvefejnéna rozsihla re-
Sers$ni prace (Pras, 1992), zdraznujici pravé tento typ
aplikace. Najdeme v ni opodstatnéné tvrzeni, Ze jen ve-
lice maly podil enzymatického potencidlu rostlin je do-
sud vyuZzivan k selektivni pfeméné prekurzord na hle-
dané slouceniny. Je ziejmé, Ze imobilizace aktivnich
bunék ¢i tkdni miZe byt klicem k propracované pri-
myslové formé nejraznéjsich biotechnologickych pro-
cesil, do této doby nejen neuskutecnénych, ale ani ne-
pfedpoklddanych. Prasova price je zaméfena na
moznosti pfemény prekurzora na farmaceuticky vy-
znamné latky s vyuZitim stereospecificity enzymatic-
kych pfemén. Jeji existence byla impulsem k pokusu
shrnout nasledné poznatky, jejichz Sife autory tohoto
prehledu nékdy az udivila.

Piesto hlavnim tématem vétsiny praci zastava imo-
bilizace bunék, tkani a enzymu. Jsou studovany i1 se-
kundarni vlivy, jako je napfiklad vliv oSetieni kvasinek

Vet. Med. — Czech. 47, 1996 (5): 159-164

pied imobilizaci v alginatech pro vyuZiti jejich inver-
tazy (Pira aj., 1991).

OBECNE POZNATKY

Imobilizované tkané nebo buiiky jsou velmi vhod-
nym objektem pro ty typy vyzkumnych metodik, které
na volné buiniky nelze aplikovat. Imobilizace umoZiuje
vyuzit napiiklad ,scanning® elektronové mikroskopie
nékterych plisni péstovanych za riznych podminek
(Federici aj., 1991).

Vzrist viskozity alginat z Pseudomonas aeruginosa
byl pozorovan pii pfidavku mucinu a exopolysacharida
z Pseudomonas cepacia (Allison a Matthews,
1992). Zarovei se snizuje difuze a antimikrobiologicka
aktivita imobilizovanych bunék.

Polyfaktorialni analyzu vlivu koncentrace alginatu
sodného, chloridu vapenatého a bunék kvasnic na sta-
bilitu ziskaného gelu a imobilizaci bunék provedli Ja-
muna aj. (1992a, b). Koncentrace alginatu a chloridu
spolu s dobou tvorby gelu maji zfetelny vztah ke sta-
bilité gelu, koncentrace imobilizovanych bunék ovliv-
fiuje stabilitu gelu nejednoznané.

Rozsédhla je prace autordt Kurillova aj. (1992)
zabyvajici se vlastnostmi vytvrzenych vapenatych pek-
tata jako loZi pro imobilizaci bunék.

Jouenne aj. (1993) agarové loze obsahujici razna
mnozstvi (od 10° do 10° bungk v | ml agaru) Escheri-
chia coli inkubovali v Zivném médiu a jejich vyvoj
a mnozZeni sledovali ve srovnani s volnymi bunkami.
Imobilizované buiiky rostly exponencidlné s vy3§im
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koeficientem nez buiiky volné (0,0115 a 0,0145 oproti
0,011) bez zretelné zavislosti na poc¢atecni koncentraci.

IMOBILIZACE NA JINYCH MATERALECH

Imobilizace bunék je mozna i na jinych lozich. Po-
lyamidovéa vlakna (kaprolaktamova), slouZzici jako loZe
pro Streptomyces rochei 303 se ukazala jako velmi
vhodna pro degradaci polychlorfenold v koncentraci
1 g v litru a pfi pratoku 80 ml/h. Po 75 dni byl systém
schopen degradovat polychlorfenoly intenzitou 36 mg
PCF na den a gram nosi¢e (Golovleva aj., 1993).
Jako zvlastnost byla v literatufe uvedena moznost imo-
bilizace bunék Leuconostoc mesenteroides v porézni ne-
rezové oceli (Elsayed aj., 1992). V kontinualnim bio-
rreaktoru pro studium degradace fenola pri teploté 35 °C
bylo pouZito granulovaného aktivniho uhli (GAC).
Kultura bakterii velmi dobfe rostla na nosi¢i a vytvorila
vrstvu na granulich (Craik aj., 1992). Ucinnost loze
se pohybovala kolem 20 mg fenolu na mg loZe a den.
Byla provedena méfeni mechanickych vlastnosti.

IMOBILIZACE SLOUCENIN

Zajimava publikace o imobilizovanych latkach ve
vapenatém alginatu (Siragusa aj., 1992) uvadi zvy-
Senou ucinnost kyseliny mlééné a octové (asi 2%) na
inokulované Listeria monocytogenes (Lm) v libovém
mase. U&innost imobilizovanych kyselin je o mnoho
rada vyssi.

IMOBILIZACE ENZYMU

Aminoacylaza (3.5.1.14) pfi imobilizaci ve vapena-
tém alginatu je vhodnym producentem fenylalaninu
z N-acetyl fenylalaninu. Byly proméfeny optimélni
podminky (Lee aj., 1992a, b) a ovéfeno, Ze enzym
ztrici asi 10 % aktivity po deseti cyklech. PotaZeni po-
vrchu polyetyleniminem se neosvédcilo. LoZe z vipe-
natého alginatu, pfipravené pii pH 7 a stabilizované
poly-L-lyzinem, bylo pouZito pro imobilizaci aminoacy-
laizy (Lee a Lee, 1993). LoZe je stabilni, aktivita en-
zymu vysoka. Biotechnologické vyuziti imobilizovanych
bunék kvasnic, resp. jejich enzyml zasahuje i nebézné
priklady, jako je Stépeni cellobiozy beta-glukosidazou,
zachycenou v kombinovaném loZi propylenglykolalgi-
nitu a kostni Zelatiny. LoZe ma sféricky tvar (Wood -
ward a Cappas, 1992).

IMOBILIZACE MIKROORGANISMU

Imobilizace kvasinek

Pocet pfipadi imobilizace kvasinkovych bunék trva-
le roste. Lisi se Casto pouze typem vyuZivaného enzy-
mu, coZ lze ovlivnit specifikaci podminek (Ramak -
rishna aj., 1992).

Optimalizace prab¢hu reakei v bioreaktorech, ,vy-
bavenych* bunkami kvasnic imobilizovanych ve vape-
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natém alginatu, vyzaduje studium fyzikalnich vlastnos-
ti médii prochazejicich reaktorem v zdvislosti na jejich
hmotnostnim pratoku. Zvlasté reaktory s fluidni imobi-
lizovanou fazi vyZzaduji piesné dodrzovani podminek
toku médii. Vypocty a experimenty v této oblasti se
zabyvala studie autort Bejar aj. (1992).

Pokusy s kontinudlni fermentaci v reaktoru s imobili-
zovanymi Saccharomyces cerevisae v kapsulich o pra-
méru | mm, ve kterych byla sledovana kinetika, ukazaly
(Vives aj., 1993), Ze kinetika biochemické premény je
velmi podobna pro volné a imobilizované buiky.

Imobilizované schizosacharomycety v alginitovém
lozi byly s aspéchem vyuzity pro Stépeni (rozklad) ky-
seliny jable¢né. Metodika byla zkoumdna z hlediska
moznosti vyuziti v biotechnologickych pochodech
(Taillandier aj., 1991).

Imobilizace bakterii mlé¢ného kvaSeni

Imobilizace mléénych bakterii v algindtovém gelu
byla vyuzZita pro vyrobu kyseliny mlééné (Dong aj.,
1991). Lipaza bunék, imobilizovanych v analogickém
lozi, je schopna katalyzovat hydrolytické reakce i ve
dvoufazovém systému voda — organické rozpousteédlo
(Hertzberg aj., 1992).

Zajimava je studie o uvolnovani imobilizovanych
bunék Lactococcus lactis, pivodné imobilizovanych
v lozi algindtu vapenatého. Lactococcus, imobilizova-
ny pro tvorbu jogurtu, uvoliioval pfi intenzivnim vyuZi-
ti zpocitku 1 x 10%, pozd&ji 3 x 107 CFU/ml. Na uvol-
fovani bunék nemélo vliv omyti loZze mezi Sarzemi,
pocate¢ni koncentrace alginatu, ani koncentrace buné¢k.
Zato silné pocet bunék zavisel na kyselosti davky. Po-
kryti loZe poly-L-lyzinem se ukdzalo jako uspés$né te-
prve po dvojim opakovani (kontrolovano v pribéhu pé-
ti davek), ale snizilo acidifikaci produktu. Ponofeni
loZe do etanolu znicile buiiky povrchovych vrstev, ale
acidifikacni aktivita zastala zachovana (Champag-
ne aj., 1992a).

Pfi vyrobé mléénych kvasenych vyrobku (jogurty)
pomoci Lactococcus lactis subsp. biovar diacetylactis
byla vyzkouSena metodika imobilizovanych bunék ve
dvouvrstvém loZi z vapenatého alginétu. Z pasterizova-
né smetany o obsahu 31 % tuku byl po inokulaci vol-
nymi buiikami ziskdn produkt ve tiikrat krat$im Case,
pficemZ pocet volnych bunék v produktu byl o dva az
tii fady niZsi. Proces vyZaduje oSetfeni produktu pro
zvySeni stalosti (Prevost a Divies, 1992).

Buiky Lactococcus lactis byly imobilizovany ve va-
penatém alginitu a vneseny do rastového média. Po
urité etapé rustu byla biomasa lyofylizovana. Byl sle-
dovan podil bunék, které piezily (62-79 %). Dale byly
sledovany senzorické vlastnosti, proteolyticka aktivita
a tvorba kyselin ve srovnani s buiikami jenom imobili-
zovanymi a bufikami volnymi. Imobilizované buiiky
piezily 1épe neZ volné, zvlasté za pritomnosti sachardzy
a vitaminu C. Stabilita pfi teploté 45-55 °C byla vyssi
pro buiiky lyofylizované imobilizované. Produkované
syry byly rovnéZz lepsi z bunék IFD (immobilization
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freeze drying), pravé tak jako byla vyssi odolnost proti
fagim (Champagne aj., 1992b).

Péstovani laktobacili v loZi vapenatého algindtu se
jevi jako jedna z cest, jak ziskat koncentrat bunék bez
odstfedovani nebo odfiltrovavani z média. Pokusy au-
tord Morin aj. (1992) ukazaly, Ze komeréni médium
Gold Complete neni ovliviiovano pfidavkem vipniku,
zatimco pii nahradé média extraktem z kvasnic nebo
masa se jeho ucinnost zvysila.

Jiné mikroorg v a jejich imobilizace

U mikroorganismt Bacillus subtilis a Serratia mar-
censes byla po jejich imobilizaci studovana rychlost difu-
ze proteazy alginatovym lozem. Byl vytvofen i matema-
ticky model déje (Lon go aj., 1992). Difuzni koeficienty
jsou podobné jako u nizkomolekularnich latek.

Optimalizaci podminek Cinnosti imobilizovaného
acetobakteru se zabyvali Fumi aj. (1992).

Ze by imobilizace ménila vlastnosti imobilizovanych
mikroorganismi neni bézny jev. Byl prokdzan u Tetra-
hymena thermophila, kdy vapenatym alginitem obale-
né buiiky mély dvojnasobnou délku oproti suspendova-
nym buikdm neoSetfenym a ménila se i jejich aktivita
ve tvorbé enzymu (Kiy a Tiedtke, 1993).

Brititi védci Mollah a Stuckley (1993) vy-
zkouseli kontinudlni reaktor s imobilizovanymi bakte-
riemi Clostridium acetobutylicum ve vipenatém algina-
tu a zjistili, Ze maximalni konverze glukézy dosahovala
0,72 g/l/h. Ve stejnych jednotkach byla nejnizsi pro-
dukce 0,12 a trvale udrZitelna 0,58 g rozpoustédel z | |
za hodinu. Vypada to na malo, ale pfi objemu suspense
1 000 I by ¢inila standardni produkce vice nez 4 kg za
8 h bez vysokych naroki na energii.

Novinkou v imobilizaci mikroorganismi v alginatech
je pouZiti stronciového alginatu (Zakaria aj., 1993).
Lipolytické bakterie Pseudomonas byly imobilizoviny
za uCelem produkce lipaz. Vysledky byly oznaceny za
vyborné, optimalni byl 3% gel s 20% obsahem bunék.
V 72hodinovém cyklu bylo loze recyklovano po dobu
24 dni, kdy jeho pevnost klesla na nulu. Recyklace byla
doprovazena (provadéna) aeraci.

Aspergillus oryzae, produkovany ze spor, byl inkor-
porovan do vapenatého alginatu a pouZit pro produkci
.kojové" kyseliny. Kyselina byla zakoncentrovana na
hodnotu 83 g v litru, kdy zac¢ind krystalovat. Kultura
byla po izolaci pfenesena do erstvého média. Produk-
ce je vysoka — vy3si proti volnym organismum, ale
intenzita imobilizata klesa po treti davce (opakovani) —
Kwak a Rhee (1992a).

Konidie Aspergillus oryzae byly imobilizovany ve va-
penatém alginatu s cilem ziskat imobilizovany biokataly-
ticky systém pro tvorbu ,kojové" kyseliny (orig. kojic
acid). Produkt po precisténi mél vysokou aktivitu a kon-
verze glukézy na cilovou slouceninu byla vysoka. Ucin-
nost je zdvisla na podminkéch ristu a silné zévisi na kon-
centraci dusiku v médiu (Kwak a Rhee, 1992b).

Pfi imobilizaci Escherichia coli v loZi vapenatého
algindtu bylo zjisténo, Ze dochazi ke zménam ve sloZe-
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ni izolovanych mastnych kyselin (MK) lipidi z imobi-
lizovaného mikroorganismu. JelikoZz je zastoupeni MK
typické pro jednotlivé mikroorganismy, jsou zmény ve
slozeni MK zavadéjicim artefaktem. Pfi¢inou byly ne-
Cistoty alginatu odstranitelné extrakci chloroformem
a etanolem (Diefenbach aj., 1992a, b).

Stormo a Crawford (1992) navrhli velmi
uspésnou metodu pro imobilizaci (modelové Flavo-
bacterium), spocivajici ve vstrikovani suspenze bunék
do vodné faze, kde Zzelatinaci ¢i zesiténim matrice
vznikaji disperzni astice suspenze. Imobilizované
buitky maji stejnou aktivitu jako volné.

Inkorporace bunék Pseudomonas fluorescens do al-
ginatového gelu pred jejich rozptylenim do pudy silné
zvySuje jejich Zivotaschopnost a buiky déle preZivaji
(Vanelsas aj., 1992). ZvySeni je prokazatelné a ko-
lonizace rhizoplanu je mozna i po sedmi tydnech od
vneseni bunék do pudy.

Zvlastni aplikace alginati byla provedena pii poku-
su piipravit suchy inokulacni material ze rhizobii (Ara-
chis hypogaea), imobilizovanych ve vapenatém algina-
tu s peralitem. Pfipravené granule s obsahem 9.10'0
rhizobii na gram jsou stabilni po dobu Sesti mésicu, kdy
obsah klesd na 8.10'°. Granule nemaji kontaminanty
a jsou dobie skladovatelné (Hegde a Brahmap-
rakash, 1992).

Jako modelovy systém pro zjisténi vlivu alginatd na
fyziologii mykobakterii si autofi Smith aj., (1993)
zvolili konverzi propenu na 1,2-epoxypropan, vyZadu-
jici NADH za pritomnosti glukézy a za jeji absence.
Pokud byla glukéza pritomna, nebyl Zadny rozdil mezi
volnymi a imobilizovanymi bufikami. Za nepfitomnosti
glukozy byl rozdil v aktivité nakonec pricten Ca ion-
tam, nikoli alginatu.

Proteus vulgaris imobilizovany v alginatu, kappa-
-carrageenanu, chitosanu, polyuretanu a polyakrylamid
acylhydrazidu vykazal nizsi aktivitu, s vyjimkou pos-
ledné jmenovaného loZe. V chitosanu a polyuretanu se
podarilo obnovit aktivitu a pouzit imobilizované buiiky
nékolikanasobné. Po tficeti cyklech se sniZzila aktivita
asi 0 3040 % (Karsten a Simon, 1993).

Samotny rast poCtu mikroorganisma pfi jejich kulti-
vaci neni imobilizaci ve vapenatém alginitu pozitivné
ovliviiovan a je zavisly na kvalité Zivného média.
Morin aj. (1992) ovéfili, Ze pfi davkové kultivaci
v mléce ¢i v komercné pouzivaném zivném médiu
(Gold Complete, Nordica) nevzrastal prokazatelné po-
¢et bunék (puvodni pocet 3,3-7,8. 10'° g) v dalSich dav-
kach. Vzrostl pocet volnych bunék a po treti davce tvo-
il vice jak 50 % celkového poctu. Pritom komercni
Gold médium bylo vhodnéjsi neZ mléko. Piesto pova-
zuji technologii s pouZitim imobilizovanych bunék za
vhodnou pro pramyslové vyuziti.

IMOBILIZACE BUNEK A TKAN[ ROSTLIN

Mezofylové protoplasty cukrové fepy vclenéné do
loZe vapenatého algindtu a kultivované v Schenk-Hil-
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debrant médiu vykazaly vy$Si schopnost tvorby kofenl
(Schlankstedt aj., 1992).

Sekrece solavetivonu, phytoalexinu, buitkami Hyoscy-
amus muticus byla podstatné zvySena inkorporaci do va-
penatého alginatu. Imobilizované buiiky zvySily produkci
0 53 % oproti kontrole (Ramakrishna aj., 1993).

Srovnanim vysledkd vyzkumu v algindtech imobili-
zovanych bunék Catharanthus roseus se zabyva prchle-
dova prace autord Buitelaar a Tramper (1992).
V porovnani se suspenznimi kulturami sledovali ze-
jména produkcei alkaloidu, napfiklad berberinu. Imobi-
lizované bunky poskytovaly vétSinou vyssi produkei.

Pii imobilizaci bunék Chlorella salina ve vapenatém
alginatu bylo pomoci radioizotopt kobaltu, manganu
a zinku (%°Co, **Mn a ®Zn) zjiséno (Garnham aj.,
1992), Ze imobilizace zvySuje prokazatelné akumulaci
uvedenych kova. Jejich desorpee je zavisla na klesaji-
cim pH.

Pri zkoumani intenzity rastu , Kallar gras* bylo zjis-
€no (Ueckert aj, 1992), Ze suspendovany subjekt
akumuluje amoniak dvakrat rychleji nez imobilizova-
ny. Pro vSechny uacely asi nebude imobilizace tkani
a bunék optimalni.

Védci, pracujici v oblasti biologie rostlinnych bu-
nék. by velmi radi pouzivali metodiku identifikace typl
protoplasta v kulturiach. V praci autorit Golds aj.
(1992) je podobna metodika popsana. Jeji podstatou je
imobilizace protoplasti v agaréze nebo alginitu s po-
uzitim polypropylenové sité jako nosice. Pomoci poci-
tacem kontrolovaného pohybu mikroskopu Ize odlisit
jednotlivé protoplasty. Jejich registrace byla modelové
provedena na mezofylovych protoplastech tabiku
a suspenzi protoplasti je¢mene.

Kolonie protoplasta slunecnice (Helianthus annuus 1..)
z kotyledonu vykazaly ve vzrustu zdvislost na fyzikal-
nich vlastnostech prostredi (Fischer, 1992). Oproti
agardze byly kolonie péstované v algindtech podstatné
kvalitng&jsi.

IMOBILIZACE BUNEK A TKANI HUB

Jsou i poznatky opacné, napfiklad mycelia entomo-
patogennich hub Metarhizum anisopliae a Beauveria
bassiana v 1% vapenatém algindtu produkovala méné
konidii a mycelium pomaleji rostlo ve srovnani s my-
celii péstovanymi v gelu pSeni¢ného Skrobu. Pro algi-
natovy gel je pozitivni vy$si odolnost proti teplotam
a proti ozafovani slune¢nim svétlem (Pereira a
Roberts, 1991).

Imobilizace bunék hub (Filamentous fungi) mize byt
vyuzita pro vyrobu organickych kyselin. Je lepsi nez apli-
kace suspenze bunék. Optimum podminek se lisi podle
kvality bunék (Vassilev a Vassileva, 1992).

IMOBILIZACE BUNEK A TKANI ZIVOCICHU
V alginatovém gelu byly imobilizovany kralic¢i

chondrocyty (Tamponnett aj., 1992). Vykazaly
standardni jevy Cinnosti, aZ na to, Ze po 38 dnech pro-
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dukovaly kolagen typu II — chrupavkovy. Vyzkum
v tomto sméru pokracuje.

Analogické problémy feSili Mano aj. (1992). Kul-
tivovali hybridomové buiiky mysi ve vapenatém algi-
natu. Ovéiili jejich normalni funkci véetné ndristu tka-
né za léchto podminek: 0,8% alginat, viskozita
60-100 cP, pfiddno 0,2 % polyakrylitu. Tvorba ,anti-
body** neposkozuje alginat po dobu jednoho mésice,
ani bunky nebyly poskozeny. Algindtova imobilizace
snad nikdy nepodpofi negativné smérované genetické
pokusy, kdyz jedna z publikaci (Nebel, 1993) pojed-
nava o imobilizaci moruly myS$iho zarodku. Zatim neni
jasné z jakého duvodu.

Polyvinylamin a alginaty byly pouzity jako material
pro imobilizaci v mikrokapénkach pro bunky IW32
(erytroleukemie). Hustota imobilizovanych bunék
8.10%ml je Ctyficetindsobna oproti béZnym kulturam
a koncentrace erytropoietinu v mikropartiich byla az
ctrnactinasobné vyssi (Wang aj., 1992).

Lidské a zvifeci chondrocyty kultivované v algina-
tovém lozi si zachovavaji svoji sférickou stavbu (pravé
tak jako pii kultivaci v agardze). Produkuji aggrecan,
glykoprotein, ktery je ihned asociovan v agregity, izo-
lovatelné z loze. Hausselmann aj. (1992) popisuji
asociaci agregati do bunécné matrice a jejich mozné
zmény.

Bunky psich intervertebralnich diska, izolované pa-
sobenim pronazy a kolagenazy, byly imobilizoviny do
alginatového loZe za pritomnosti vapniku a projevova-
ly nékteré nové biosyntetické vlastnosti (Maldona-
do a Oegema, 1992).

Algindty byly pouZity i1 pro pokryti (enkapsulaci) ji-
nych dtvari nez bunék. Zekorn aj. (1992) se poku-
sili pokryt povrch Langherhansovych ostriavka. Pokryté
ostravky vykazaly neporusenou aktivitu a jsou vhod-
nym materidlem pro transplantace.

Jiz zminéna imobilizace pankreatickych ostruvka do
vapenatého alginatu se doCkala dal3i mechanizace. By-
la popsdana metodika (Wolters aj., 1992) spocivajici
v rozstfiku pfipravené suspenze tryskou, kdy vytvoiené
kapicky jsou stabilizovany v roztoku 0,1 M chloridu va-
penatého. Velikost a tvar zdvisi na rychlosti prichodu
vzduchu a na dalSich kritériich. V préci jsou hledany opti-
malni podminky pro mechanizovanou tvorbu kapicek.

JINE APLIKACE

Pii imobilizaci hybridoma bunék ve vépenatém algi-
natu dochazi v urcité mife k jejich poskozeni. Pro mini-
malizaci téchto poskozeni bylo zkouseno oSetieni bunék
chloridem vapenatym. Roztoky chloridu vipenatého
o koncentraci 1,3-1,5 % vykazuji poSkozeni bunék, které
se zvySovanim koncentrace stoupd (Lee aj., 1992b).

Jednou z novéjSich aplikaci alginata se zabyva ja-
ponskd prace (Yamamoto aj., 1992), ve které autofi
popisuji znacné prodlouzeni doby vzniku krystalické
formy fosfore¢nanu vapenatého z formy amorfni pfi-
davkem algindtu. Zjistili, Ze alginat byl stejné Gcinny
jako poly-L-glutamat a citrat.
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Bezpecnost a presnost ohfevu potravin v mikrovin-
nych troubach lze porovnat s pouzitim imobilizovanych
mikroorganismi. Principem je sledovani poctu organis-
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