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KVANTITATIVNI ZNAKY JATECNE HODNOTY U BYKU
VYBRANYCH PLEMEN SKOTU

QUANTITATIVE TRAITS OF CARCASS VALUE IN BULLS
OF SOME CATTLE BREEDS

V. Nova, F. Louda

Czech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic

ABSTRACT: The objective of the paper was to determine quantitative traits of carcass value in bulls of Czech Pied
breed (C), Limousine breed (Li) and their crossbreds. Our study was focused on a comparison of meatiness and carcass
yield in the experimental groups of bulls. A finishing facility was filled with bulls of Czech Pied breed, Limousine breed
and their crossbreds after weaning at the age of 210 days. Slaughter bulls of the given genotypes were sacrificed at aver-
age slaughter weight 500-550 kg. Carcass value traits were assessed in selected groups of animals after control slaugh-
ters when bull carcasses were dissected into butcher’s cuts. To assess carcass value these parameters were determined:
average daily weight gain during finishing in g, live weight before slaughter in kg, weight of dressed carcass in kg, car-
cass yield from live weight before slaughter in %, proportions of lean cuts and bones in dressed carcass in %, meat to
bone ratio. Statistical data were processed by SAS program — a linear model. C x Li bulls achieved the highest average
daily gain during finishing while it was lowest in Li breed. C x Li crossbreds had the highest live weight before slaugh-
ter, Li breed the lowest. There were no statistically significant differences between the groups. The highest weight of
dressed carcass was determined in Li breed (320.8 kg), the lowest in C breed. Statistical differences were calculated be-
tween C and C x Li (P < 0.01), between Li and C, and between Li and C x Li (P < 0.001). The highest carcass yield was
determined in bulls of Li breed (62.3%), the lowest in C breed (59.2%). The proportion of total meat in dressed meat
cuts was highest in Li breed (82.0%) while it was lowest in C breed (76.3%); Li breed had the lowest proportion of total
bones (16.4%), C breed had the highest (21.2%). The best meat to bone ratio was determined in bulls of Li breed - 5.01,
followed by C x Li bulls — 3.81, the worst meat to bone ratio was in C bulls — 3.60. The proportion of fat in the weight
of dressed meat cuts was lowest in bulls of Li breed — 1.6% while it was highest in C x Li bulls — 2.7%. Li bulls had the
highest proportion of these cuts in the weight of dressed cuts: meat of chuck with shank and bottom chuck cut off
(7.5%), brisket with rib and bone and flank with bone (14.5%), rib, foreribs and neck in one piece without bones
(11.1%), fore shank with bottom chuck, hind shank and plate (5.4%), short loin (5.0%), sirloin (1.9%), round and rump
with shank and plate cut off (19.5%), and the lowest proportion of fat (1.6%), marrow, thin and butcher’s bones (16.4%).

Keywords: cattle; Czech Pied breed; Limousine breed; commercial crossing; finishing;, carcass yield; proportion of lean cuts

ABSTRAKT: Cilem préce bylo stanovit kvantitativni znaky jateéné hodnoty u byki plemene éeské strakaté (C), limousin
(Li) a jejich k¥iZencl. Diiraz byl kladen na porovnani zmasilosti a jate¢né vytéZnosti mezi sledovanymi skupinami byku.
Byci plemene &eské strakaté, limousin a jejich kfiZzenci byli zafazeni do vykrmu po odstavu ve véku 210 dni. Jate¢ni
byci uvedenych genotypl byli poraZeni v prumérné porazkové hmotnosti 500-550 kg. Ukazatele jatecné hodnoty byly
u vybranych skupin zvifat vyhodnoceny pfi kontrolnich pordZzkach, kdy byla jate¢né opracované téla (JOT) bykil bourina
na jednotlivé vysekové &asti. Nejvyssi primérny denni pfiristek ve vykrmu a nejvyssi Zivd hmotnost pfed porazkou byly
zjistény u bykd C x Li. Nejvy33i hmotnost jate¢né opracovaného téla byla stanovena u plemene Li a statistické rozdily
byly zjistény mezi Ca C x Li (P < 0,01), mezi Li a C a mezi Li a C x Li (P < 0,001). Nejvyssi jateéné vytéZnosti a po-
dilu masa celkem z JOT dosahli byci plemene Li. Podil kosti celkem a podil loje z hmotnosti JOT byl nejniZ3i u plemene
Li. Nejpfiznivéjsi pomér maso : kosti byl stanoven u bykil plemene Li — 5,01. U byki Li byl zjitén nejvy3ssi podil z hmot-
nosti JOT u jate&nych &4sti: maso z plece bez klizky a husi¢ky, hrudi se Zebrem a kosti a bok s kosti, vysoky roténec,
podpleéi a krk veelku bez kosti, klizka pfedni s husi¢kou, klizka zadni a platek z panevni dutiny, nizky rosténec bez kosti,
svitkova, maso z kyty bez klizky a platku z panevni dutiny.

Klitov4 slova: skot; plemeno &eské strakaté, plemeno limousin; uZitkové kfiZeni; vykrm; jate¢na vytéZnost; podil
masitych &asti

Vysledky byly ziskany v rdmci feSeni vyzkumného ikolu Ministerstva Skolstvi, mladeZe a t&lovychovy &. 412100003.
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UvoD

Jednou z nejduleZit&j§ich charakteristik jate¢né hod-
noty je pomér svalstva, tuku a kosti v trupu. Se zfetelem
na stoupajici poZadavek produkce libového masa je kladen
diraz na maximalni podil kosterniho svalstva, zatimco
vysoky obsah tuku je povaZovan za neZadouci. Pfi
studiu jate¢né hodnoty hospodafskych zvifat je hlavni
pozornost soustfedéna k analyze variability jate€né
vyt&znosti, podilu hodnotnych a mén& hodnotnych &sti
trupu, poméru masa, tuku a kosti.

Bauer et al. (1990) uvadéji, Ze hodnotu jateného téla
zvifete a zejména pak stupeii protuénéni ovliviiuje Slech-
téni, vyziva a hlavn€ porazkovd hmotnost. Grosse a La-
degast (1989) doporutuji za vylu&né pomocny znak pro
protudnélost u jate¢ného skotu, podobné jako fada dal-
§ich autorli, podil ledvinového tuku, a to nezivisle na
kategorii. Podil hlavy, kon&etin a délku jate¢ného téla
oznatuji jako specifické pomocné znaky pro kostnatost.
Johnson et al. (1989) konstatuji, Ze odhad slozeni pfedni
&tvrtd miZe byt urden pomoci kombinace hmotnosti ja-
te&né pilky, korigované tloustky tuku a hmotnosti mus-
culus pectoralis superficialis. Z vysledku praci autorti
Renard (1988), Rahnfeldt et al. (1987) a Lucevi¢ (1989)
vyplyvé, Ze slozeni svaloviny je v prvé fadé ovlivnéno
vyzivou, ale fada ukazateli u jednotlivych plemen je
siln€ ovlivnéna genetickou slozkou, napf. jemnost svalo-
vych vldken u plemene limousin.

Perry a Fox (1997) stanovili na zadkladé zji§t'ovani
vysky tuku v bederni oblasti pfedpoklad sloZeni
jate¢ného trupu. Pfedpokladana hmotnost JOT byla dosa-
Zena z 84-88 %. Ptagek a Suchanek (1985) uvadgji jateg-
nou vytéZnost u C skotu pfi pordzkové hmotnosti 527 kg
(58,49 %). Pri této porazkové hmotnosti bylo masa celkem
u byka C 65,28 kg, z toho masa I. jakosti 45,26 kg.
Subrt et al. (1996) zjistili u bykd C, ze vys§i Groveit
netto pfiristku se pozitivné projevila v klasifikaci jatec-
nych tél podle zmasilosti (P < 0,01), v procentudlnim
zvySeni podilu masa (+3,9 %) a sniZeni podilu kosti
v jatetném téle (4,47 %). ZvySeni netto priristku se
kladné projevilo i ve zvySeni procentualniho podilu
masa z kyty (+1,08 %, P < 0,01) a ro$ténce (P < 0,05).
Suchének et al. (1990a,b) uvadgji u byki C pfi primémé
hmotnosti jate¢né pulky 144,2 kg podil masa I. jakosti
37,9 % a masa celkem 78,5 %. Votiskova et al. (1998)
porovnavali ukazatele jate¢né hodnoty u byki
vybranych masnych plemen a u plemene eské strakaté.
Nejvy3si hmotnost jatedné opracovaného téla zjistili
u byki Ch (346,34 kg), nejnizsi u byka He (302,05 kg).
Jatetna vytéznost byla od 57,01 % (He) az do 60,37 %
(Ch). Subrt (1994) hodnotil jate¢na téla byki-kiizenci
zuslechténé populace Eeského strakatého skotu s mas-
nymi plemeny (Li, Ch, Pa, He). Nejvétsi procentualni po-
dil zadniho masa byl zji$tén u k¥iZzenct C x Li (28,14 %),
coz bylo o 0,87 % vice neZz u kontrolni skupiny C.
Pomeér maso : kosti byl u C x Li 4,25. Miksik et al.
(1996) uvadéji u bykl plemene C primérny denni
pfiristek ve vykrmu 1 208 g, hmotnost JOT 332,5 kg
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a jateénou vytéznost 58,5 %. Nosal ez al. (1998) hodno-
tili byky-kiizence slovenského strakatého plemene s ple-
menem limousin a zjistili, Ze nejvétsi podil masa
(79,22-79,88 %) a nejvétsi podil masa I. jakosti (43,94 %)
byl ve hmotnostni skupiné 500-550 kg. Byci v rozmezi
hmotnosti 451-550 kg se projevovali nejlépe z hlediska
protuénéni. Za nejvyhodnéjsi porazkovou hmotnost u kii-
zencl slovenského strakatého plemene s plemenem
limousin jak z hlediska masné uzitkovosti, tak z hlediska
protuénélosti se ukazuje rozmezi 500-550 kg.

MATERIAL A METODA

Jateéni byci byli rozdéleni do t&chto pokusnych skupin:
1. pokusna skupina:

plemeno limousin (Li) 34 ks
(byei byli po otcich ZLI 183, 184, 185)
2. pokusna skupina:
plemeno ¢esky strakaty skot (C) 39ks
3. pokusna skupina
kfiZenci plemene C a plemene Li (C x Li) 41 ks

(byci byli po otcich ZLI 161, 183, 184)

Byci plemene ¢eské strakaté, limousin a jejich kiiZen-
ci byli zafazeni do vykrmu po odstavu ve véku 210 dni.
Byci ve vykrmu byli ustdjeni voln& na hluboké podestylce,
v boxech po 20-25 kusech. Krmnou davku tvofila silaz,
senaz a jadro (4 % sméska peluska + oves, 4 % soja, 4 %
premix Rindamast, 44 % pSenice, 44 % jeSmen). Jate¢ni
byci uvedenych genotypt byli pordZeni v primérné
porazkové hmotnosti 500-550 kg.

Ukazatele jate¢né hodnoty byly u vybranych skupin
zvifat zhodnoceny pfi kontrolnich porédzkich v masokom-
binatu, kde byla jate¢né opracovana téla byki bourdna
na jednotlivé vysekové &asti podle CSN 57 6510 Hovézi
maso pro vysek — norma jakosti.

Jate¢né pulky byly rozbourany na ¢asti: maso z plece
bez klizky a husic¢ky, hrudi se zebrem a kosti a bok s kosti,
bok bez kosti, vysoky rosténec, podplec¢i a krk vcelku
bez kosti, klizka pfedni s husitkou, klizka zadni a platek
z panevni dutiny, nizky ro$ténec bez kosti, svickova,
maso z kyty bez klizky a platku z panevni dutiny, vytez
na mleté maso (vyfez ziskany pifi déleni hovézich &tvrti
pro vysek a pfi Gpravé jednotlivych &asti pro vysek), ofez
— klouby, ohaiika, 1ij, kosti morkové a fidké (pted-
loketni v&etné& kloubové hlavice, pazni véetné kloubové
hlavice, kloubovéd hlavice lopatky, bércové vietné
kloubové hlavice, stehenni véetné kloubové hlavice,
kosti panevni, kosti kiiZové, kosti z noh s fidkym
morkem), harfy (masité kosti — hrudni kost, obratle
kréni, hrudni a bederni).

V réamci sledovani jate¢né hodnoty byly zjistovany
tyto ukazatele:

1. hmotnost jateéné opracovaného téla (kg)

2. jate¢na vytéznost z Zivé hmotnosti pfed porazkou (%)

3. podil jednotlivych masitych ¢asti a kosti z jate¢né opra-
covaného téla (%)
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4. podil masa a kosti z jate&n& opracovaného téla (%)
5. pomér maso : kosti

Pro uvedené ukazatele byly vypocitany zakladni sta-
tistické charakteristiky programem SAS — linedrnim
modelem a vysledky byly vyjadfeny tabulkové a graficky.

Statistické vyhodnoceni bylo provedeno podle rovnice:

Yy=p+PL+ROK;+b(V;—V)+e;

kde: y - sledovany ukazatel
H — prumér souboru
PL; - vliv i-tého genotypu; i=1,2, 3
ROK; — vliv j-tého roku, k= 1,2

b (V- V) - regrese na prim&rny vék
ejj - reziduum

Na zéklade statistického vyhodnoceni byly porovnany
jednotlivé sledované ukazatele jate¢né hodnoty mezi byky
uvedenych genotypil. Statistické rozdily mezi pokusnymi
skupinami byly vyhodnoceny na hladinach vyznamnosti
P < 0,05 (statisticky vyznamné), P < 0,01 (statisticky stfed-
né vyznamné), P < 0,001 (statisticky vysoce vyznamné).

VYSLEDKY
Nejvys§i primémy denni ptirlstek ve vykrmu (tab. 1)

byl zjidtén u kfizenci C x Li (1 142 g) a nejnizsi u ple-
mene Li (1 034 g). Statistické rozdily byly zjiStény mezi

Lia C (P <0,05) amezi Li a C x Li (P < 0,001).
Nejvy38i Zivou hmotnost pfed porazkou doséhlo pleme-
no C (520 kg) a nejniz¥i hmotnost plemeno Li (515 kg).
Mezi jednotlivymi skupinami nebyly statisticky vy-
znamné rozdily.

Nejvy3ssi hmotnost jateéné opracovaného t&la (tab. 1)
byla stanovena u plemene Li (320,8 kg) a nejniZ3i u ple-
mene C (307,8 kg). Statistické rozdily byly zjistény mezi
CaCxLi(P<0,01), mezi LiaCamez LiaC x Li
(P <0,001). Nejvyssi jatetné vytéZnosti doséhli byci ple-
men Li (62,3 %) a nejnizsi byci plemene C (59,2 %). Byly
zjidtény statistické rozdily mezi Li a C x Li ( P < 0,01)
amezi Lia C (P<0,001).

Podil masa celkem z JOT (tab. 1) byl nejvy3si u ple-
mene Li — 263,1 kg (82,0 %) a nejniz§i u plemene C —
234,8 kg (76,3 %), podil kosti celkem byl nejnizsi
u plemene Li - 52,5 kg (16,4 %) a nejvy3si u plemene C
— 65,3 kg (21,2 %). U podilu masa celkem a kosti celkem
z JOT byly zjistény statistické rozdily mezi C a C x Li
(P<0,01), mezi Lia C amezi Lia C x Li (P <0,001).
Nejpfiznivéj§i pomér maso : kosti byl stanoven u bykt
plemene Li - 5,01, déle u bykt C x Li— 3,81 a nejméné
piznivy pomér maso : kosti byl u bykd C - 3,60.

Nejvyssi podil masa z plece bez klizky a husiky (tab. 2)
byl zjiStén u plemene Li — 24,2 kg (7,5 % z JOT) a nej-
niz8i u plemene C — 20,7 kg (6,7 % z JOT). Statistické
rozdily byly zjistény mezi C a C x Li (P < 0,05), mezi Li
aCameziLiaC x Li (P<0,001).

Podil jate&né ¢asti hrudi se Zebrem a kosti a bok s kosti
(tab. 2) byl nejvyssi u byki plemene Li - 46,5 kg (14,5 %)

Tab. 1. Ukazatele jate¢né hodnoty u byki plemene &eské strakaté, limousin a jejich kfiZenci — Indicators of carcass value in bulls of Czech Pied

breed, Limousin breed and their crossbreds

ByciLi’ (n = 34) Byci C" (n = 39) Byci Cx Li"' (n = 41)
Ukazatel'

x 53 %z JOT"? x S5 %z JOT" x sz |%zlOT"
magfg‘)““i 1034 a* | 124,56 = 1108,0 131,59 - 1142 c*** | 10958 | -
gri:: ::‘r:;‘k‘:;‘, - 5150 42,54 = 5200 39,36 2 522,0 44,51 2
Hmotnost JOT* (kg) 3208 a™* | 1373 s 3078 b** | 17,78 - 323c0 | 1952 | -
Vytzmost® (%) 623 a***| 095 - 592 0.85 - s98c | 079 | -
Maso celkem® (kg) 2631 a*** | 1682 | 820 | 2348 b | 17,31 763 2407 ¢+ | 1658 | 77.1
Kosti celkem’ (kg) 52,5 a**+ | 346 164 653 b | 443 | 212 632ck* | 341 | 202
Maso : kosti® 5,01 3,60 3,81

C = geské strakaté plemeno — Czech Pied breed, Li = plemeno limousin —

Limousine breed, C x Li = kfiZzenci C a Li — C and Li crossbreds

a = statisticky rozdil mezi plemenem limousin a Eeské strakaté — statistical difference between Limousin breed and Czech Pied breed

b= icky rozdil mezi pl

&eské strakaté a kfiZzenci C x Li — statistical difference between Czech Pied breed and hybrids C x Li

¢ = statisticky rozdil mezi plemenem limousin a kfiZenci C x Li ~ statistical difference between Limousine breed and C x Li crossbreds

*P<0,05;**P<0,01; ***P < 0,001

'parameter, *average daily gain, ’live weight before slaughter, “weight of dressed lean cuts, *dressing percentage, *total meat, “total bones, 'meat

to bone ratio, *Li bulls, '°C bulls, ''C x Li bulls; '*% dressed carcass cuts
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Tab. 2. Hmotnost a podil jednotlivych jategnych &asti u bykl plemene Ceské strakaté, limousin a jejich kfiZzench — Weight and proportion of
carcass cuts in bulls of Czech Pied breed, Limousine breed and their crossbreds

; Byci Li" (n=34) Byci C** (n=39) Byci CxLi® (n=41)
Jatedna &4st' (kg) z 5 - = 5 o = = i
Maso z plece bez klizky a husicky’ | 242 a*** | 044 | 75 | 207 b* 036 | 67 216 c*+¢| 045 | 69
Hrudf se Zebrem a kosti a bok skost®| 46,5 a*** | 069 | 145 | 423 b | 068 |137 | 440 | 074 | 141
Bok bez kostf (pupek)* 136ass | 022 | 42 | 16060+ | 025 | 52 | 104 e | 036 | 33
okl padeled xkk 355a%+ | 073 | 111 | 270b* | 066 | 88 | 288+ | o070 | 92
ﬁmiﬁfﬂ it::fmldleﬁ? 174 2% | 042 | 54 | 160 b* 038 | 52 | 168 041 | 54
Nizky rofténec bez kosti’ 159 a% | 035 | 50 | 143b= | 037 | 47 | 156 039 | 50
Svickova® 60a* | o1l | 19 | 47 013 | 15 | 48e= | o012 | 16
y:::efl:mlgg,ﬂiﬂ"“p‘“‘“ 626 a*** | 039 [ 195 | 560 b* 046 | 182 | 572 c*+ | o041 |183
Vyfez na mleté maso™ 372 8% | 030 | 11,6 | 337b**| 036 | 110 | 400 c*** | 041 |128
Otez— klouby" 31 006 | 10 | 31 005 | 10 | 32 010 | 10
Ohiiika'? 1,1 004 | 03 1,0 b** 0,05 03 03 c** 0,04 0,1
Ly spass | 015 | 16 | 77b+ | 017 | 25 | saces| o019 | 27
Kosti morkové a Fidké'* 300 a**+ | 025 | 94 | 37,0 b* 035 | 120 | 360 ct* | 033 |115
Harfy (masité kosti)'® 225 a%* | 026 | 70 | 283 b* 028 | 92 | 272c0 | 024 | 87
Hmotnost JOT'® 3208 a*** | 1873 (1000 | 3078 b** | 1778 (1000 | 3123 c*** | 1952 (1000

'carcass cut, ‘meat of chuck with shank and bottom chuck cut off, *brisket with rib and bone and flank with bone, *flank without bones, *rib,
foreribs and neck in one piece without bones, ®front shank with bottom chuck, hind shank and plate, "short loin without bones, ®sirloin, *round
and rump with shank and plate cut off, "trimmings for minced meat, "'knuckle trimmings, "*tail, "*fat, “*marrow and thin bones, "“butcher’s

bones, '®weight of dressed carcass cuts, 'Li bulls, '®C bulls, '°C x Li bulls

a nejnizsi u plemene C — 42,3 kg (13,7 %). Statistické
rozdily byly zjistény mezi C a C x Li, mezi Lia C x Li
(P<0,01) amezi Lia C (P<0,001).

Podil boku bez kosti (tab. 2) byl nejvyssi u plemene
C-16,0 kg (5,2 %) a nejnizsi u C x Li-10,4 kg (3,3 %).
Statistické rozdily byly zjistény mezi Li a C (P < 0,01),
mezi CaC x Liamezi LiaC x Li (P <0,001).

Podil vysokého rosténce, podpleéi a krku veelku bez
kosti (tab. 2) byl nejvyssi u byka Li — 35,5 kg (11,1 %)
a nejnizsi u bykd C - 27,0 kg (8,8 %). Byly zjistény sta-
tistické rozdily mezi C a C x Li (P <0,05), mezi Lia C
amezi Lia Cx Li (P<0,001).

Podil jate¢né &asti klizka pfedni s husi¢kou, klizka
zadni a platek z panevni dutiny byl nejvyssi u plemene
Li - 17,4 kg (5,4 %) a nejniZ8i u plemene C — 16,0 kg
(5,2 %). Statistické rozdily byly mezi C a C x Li (P £ 0,05)
amezi Lia C (P<0,01) (tab. 2).

Nejvyssi podil nizkého ro3ténce bez kosti (tab. 2) byl
zjitén u bykd plemene Li — 15,9 kg (5,0 %) a nejnizsi
u byki plemene C - 14,3 kg (4,7 %). Statistické rozdily
byly mezi Lia C amezi CaC x Li (P<0,01).

Podil svickové (tab. 2) byl nejvy3si u plemene Li —
6,0 kg (1,9 %) a nejnizsi u plemene C - 4,7 kg (1,5 %).
Statistické rozdily byly zjistény mezi Li a C a mezi Li
aCxLi(P<0,01).

Podil masa z kyty bez klizky a platku z panevni duti-
ny byl nejvyssi u byka plemene Li — 62,6 kg (19,5 %)
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a nejnizsi u bykd plemene C — 56,0 kg (18,2 %).
Statistické rozdily byly zjistény mezi C a C x Li (P £0,05),
mezi LiaCameziLiaC x Li(P<0,001) (tab. 2).

Vyfez na mleté maso (tab. 2) byl nejvys&i u bykd C x Li
—40,0 (12,8 %) a nejniz8i u bykd C — 33,7 kg (11,0 %).
Mezi viemi sledovanymi skupinami byly zji§tény statis-
tické rozdily (P < 0,001).

Podil loje (tab. 2) byl nejvyssi u byki C x Li— 8,4 kg
(2,7 %) a nejnizsi u byku plemene Li — 5,2 kg (1,6 %).
Byly zjistény statistické rozdily mezi Ca C x Li (P < 0,01),
mezi LiaCamezi LiaC x Li (P <0,001).

Podil kosti morkovych a fidkych byl nejvyssi u byki
plemene C - 37,0 kg (12,0 %) a nejniz§i u byki plemene
Li - 30,0 kg (9,4 %), podil masitych kosti byl nejvyssi
u bykl C - 28,3 kg (9,2 %) a nejniZ8i u byku Li— 22,5 kg
(7,0 %). Statistické rozdily byly zjist&ny mezi Ca C x x Li
(P<0,05), mezi Lia C amezi Lia C x Li (P<0,001) (tab. 2).

DISKUSE

Ve srovnani s nasimi vysledky zjistili Golda et al.
(1988) ve vykrmu byki plemene C o 61 g nizsi pri-
mémy denni piiristek, Frelich a Vofiskovéa (1997) 052 g
vy38i primérny denni priristek, Pta¢ek a Suchanek
(1985) uvadgji u byku Eeského strakatého plemene 0 19 g
vy38i primérny denni pfirustek. Miksik ez al. (1996)
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zjistili u byki plemene C primémy denni pfiristek ve
vykrmu 1 208 g, coz je o 100 g vice neZ jsou nédmi
uvadéné hodnoty, Suchanek ef al. (1990a,b) zjistili proti
nasim vysledkiim u byki ¢eského strakatého plemene
o 72 g niz§i primémy denni priristek. Gregory et al.
(1994) uvadéji proti nasemu sledovani u plemene limou-
sin 0 266 g vy38i primérny denni pfirustek, Frelich
a VotiSkova (1997) o 8 g vys8i primémy denni pfirtstek.

Ptacek a Suchédnek (1985) uvadgji u bykid &eského
strakatého plemene hodnotu jateéné vytéZnosti, kterda
odpovidéd nami zjiSténym vysledkim. Miksik et al.
(1996) zjistili u byki plemene C jateénou vytéZnost
0 0,1 % niZ8i, Suchéanek et al. (1990a,b) uvadgji jate¢nou
vytéznost o 0,3 % niZsi, Subrt a Miksik (1995) u ces-
kého strakatého skotu o 0,6 % niz3i a Trojan a Safarovd
(1987) zjistili u bykd plemene eské strakaté proti nasim
vysledkim jate¢nou vytéznost vyssi. Voriskova et al.
(1998) uvddéji u plemene C jatenou vytéznost ve
srovndni s nasimi vysledky o 1,1 % niZzsi a obdobné u ple-
mene Li o 3,8 % niz&i. Strafelda (1992) uvadi u kiizench
plemene limousin s ¢eskym strakatym skotem zvyseni
jejich jate€né vytéZnosti o 1 az 1,5 % proti plemenu C,
tedy na drovni ostatnich masnych plemen. V naem
sledovani je jatecna vytéznost u byki C x Li o 2 % vyssi
nez u byku C.

Ptadek a Suchdnek (1985) uvadéji u byka ceského
strakatého plemene podil masa celkem z JOT 65,3 %,
coz je 0 11 % méné nez v nadem sledovéni. Subrt
a Miksik (1995) uvadéji u eského strakatého skotu
vytéznost masa o 3,7 % vy$si, Suchdnek ez al. (1990a,b)
zjistili 0 2,2 % vy38i podil masa celkem a Trojan a Safa-
rova (1987) také zjistili vy3si podil masa z jate¢né pilky.
Voftiskova et al. (1998) uvadéji podil masa celkem
z hmotnosti JOT u plemene C o 1,7 % niz8i a u plemene Li
05,7 % nizsi. Subrt (1994) zjistil u bykd kiizenct C x Li
vytéznost masa 79,85 %, coz je 0 2,75 % vice nez v naSem
sledovani.

Suchének ez al. (1990a,b) uvadéji u plemene C 0 0,3 %
vy$8i podil vnitinich loji z hmotnosti jate¢ného téla,
Subrt a Miksik (1995) u &eského strakatého skotu
vytéznost vnitinich loji o 1 % niz§i. Suchanek ez al.
(1990a,b) zjistili u bykl ceského strakatého skotu podil
kosti 0 4,4 % nizsi. Voriskova et al. (1998) uvadéji u ple-
men C a Li podil nizkého ro§ténce z hmotnosti JOT niz8i
nez v naSich vysledcich, a to o 1,3 %. Podil svickové
z hmotnosti JOT zjistili u obou plemen opét niZ&i u ple-
mene C 0 0,3 % a u plemene Li 0 0,6 %. Podil kosti cel-
kem z hmotnosti JOT u plemene C uvadéji autofi o 1,6 %
niz§i a u plemene Li naopak 0 2,7 % vyssi. Subrt (1994)
zjistil u bykl kfizenci C x Li o 3 % vy38i podil zad-
niho masa celkem z hmotnosti JOT. Také u poméru
maso : kosti zjistil autor vy33i hodnotu (4,25).

ZAVER
Nejvy3si primémy denni pfiristek ve vykrmu jsme

zjistili u bykd C x Li a nejnizsi u plemene Li.
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Nejvyssi Zivou hmotnost pfed porazkou doséhli kii-
Zenci C x Li a nejniz8i plemeno Li. Mezi jednotlivymi
skupinami nebyly statisticky vyznamné rozdily.

Nejvy3si hmotnost jate¢né opracovaného téla byla
stanovena u plemene Li a nejniZs§i u plemene C. Statis-
tické rozdily byly zjidtény mezi C a C x Li (P < 0,01),
mezi Lia CameziLiaC x Li (P <0,001).

Nejvyssi jateéné vytéZnosti dosahli byci plemen Li
(62,3 %) a nejnizsi byci plemene C (59,2 %).

Podil masa celkem z JOT byl nejvy3si u plemene Li
(82,0 %) a nejnizéi u plemene C (76,3 %), podil kosti
celkem byl nejnizZsi u plemene Li (16,4 %) a nejvy3si
u plemene C (21,2 %). Nejpfiznivéjsi pomér maso : kosti
byl stanoven u byki plemene Li (5,01), dale u bykt C x Li
(3,81) a nejméné priznivy pomér maso : kosti byl u bykii C
(3,60).

Podil loje z hmotnosti JOT byl nejniZ8i u byki ple-
mene Li (1,6 %) a nejvys$siu C x Li (2,7 %).

U byki Li byl zjistén nejvyssi podil z hmotnosti JOT
u jate¢nych ¢asti: maso z plece bez klizky a husi¢ky (7,5 %),
hrudi se Zebrem a kosti a bok s kosti (14,5 %), vysoky
ro$ténec podpleti a krk vcelku bez kosti (11,1 %), klizka
pfedni s husi¢kou, klizka zadni a platek z panevni dutiny
(5,4 %), nizky rosténec bez kosti (5,0 %), svickova (1,9 %),
maso z kyty bez klizky a platku z panevni dutiny (19,5 %)
a nejnizsi podil loje (1,6 %), kosti morkovych, fidkych
a masitych (16,4 %).

Mezi jednotlivymi skupinami nebyl u Zivé hmotnosti
pred porazkou zjistén statisticky vyznamny rozdil, pfesto
hmotnost JOT byla u plemene Li statisticky prikazné
vy33i neZ u dalSich skupin. Je nevyhnutelné co nejdiive
zavést do praxe zpen&Zovani systémem SEUROP, pfi
kterém je jate¢ny skot objektivné zatfidén podle zmasi-
losti a protu¢nénosti do vétsiho poctu tfid jakosti. Dale
je nezbytné nutné pfi zpenéZovéni zohlednit kvalitu
masa u masnych plemen a jejich kiizenci.
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A NEW POINT MUTATION IN EXON 17 OF THE HORSE
(EQUUS CABALLUS) RYRI GENE (Short Communication)

NOVA BODOVA MUTACE V EXONU 17 GENU RYRI KON{
(EQUUS CABALLUS) (Krétké sdéleni)

P. Gronek], A. Plawski4, K. Nucz, A. Nowicka-Postuszna’ s R. Slomski® *

' 4. Cieszkowski Agricultural University, Department of Pig Breeding and Production,
Poznan, Poland

Polish Academy of Sciences, Department of Human Genetics, Poznah, Poland
Department of Biochemistry and Biotechnology, Poznan, Poland

Section of Horse Breeding, Poznan, Poland

ABSTRACT: The polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP), and sequencing
analysis were used for the study of the ryanodine receptor gene (RYRI) of Wielkopolska horses, Thoroughbred, and Pure
Arabian. PCR-amplified RYR! gene specific fragments were cloned in pGem5 Zf(~) plasmid. Double stranded templates
were sequenced by the Sanger dideoxy chain termination method, using Cy-5 labeled primers. The analyzed region of
the RYRI gene was characterized by a high homology (97.3-98.7%) between all breeds. We detected transversion G—T
and as a consequence a substitution of alanine for serine. We did not detect any 1843C—T mutation in the equine RYR!
gene.

Keywords: equine genetics; RYR] gene; stress susceptibility

ABSTRAKT: Ke sledovéni genu-receptoru ryanodinu (RYRI) u konf plemene Velkopolské, u plnokrevnych a &isto-
krevnych arabskych koni jsme pouZili polymorfismus polymerézové fetézové reakce a jednopramenné konformace (PCR-
SSCP), a dale sckvenéni analyzu. V plasmidu pGem5 Zf(-) jsme provedli klonovani genové specifickych fragmenti
RYR1 amplifikovanych pomoci PCR. Sekvencovani dvoupramennych Sablon prob&hlo pomoci Sangerovy metody
dideoxy fetézové terminace s pouzitim Cy-5’ znaenych primeri. Analyzovanou oblast genu RYRI charakterizoval u viech
plemen vysoky stupefi homologie (97,3-98,7 %). Byla zjisténa transverze G—T, a jako jeji dusledek substituce alaninu
za serin. Mutaci 1843C—T jsme v genu RYR! koni nezjistili.

Klitova slova: genetika koni; gen RYRI; nachylnost ke stressu

INTRODUCTION

Contemporary horse breeds are kept for various rec-
reational uses, and exceptional individuals are trained
and used in sports. It is necessary for these horses to
train intensively in order to participate in high rank com-
petitions. Moreover, taking part in the competition is in
itself very stressful for the animals. In practice, deaths of
horses are observed not only during the competition but
also during transport or veterinary procedures. Anaesthetic-
induced malignant hyperthermia (MH) was described in
dogs (Short and Paddleford, 1973), cats (De Jong et al.,
1974), birds (Henschel, Louw, 1978), wild animals dur-
ing capture (Harthoorn et al.; 1974, Harthoorn, 1975),
and horses (Klein, 1975) in the seventies.

The aim of our paper was to investigate the DNA poly-
morphism of the ryanodine receptor gene, exon 17 among
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three equus species. To achieve the aim of our research,
it was necessary to select a proper method to obtain
a DNA fragment containing the polymorphous region of
exon 17 of the RYRI gene, and subsequently the molecu-
lar and genetic characteristics of these fragments, using
PCR-SSCP, PCR-RFLP and sequence analysis methods.

MATERIAL AND METHODS

The research was performed on genomic DNA of
Wielkopolska horses (7 = 20), Thoroughbred (n = 30),
Pure Arabian (n = 22) isolated from 10 ml of peripheral
blood lymphocytes according to the salt out procedure
described by Miller et al. (1988). Approximately 0.1 pg
of DNA were subjected to 30 cycles of PCR as described
by Fujii et al. (1991). For non-radioactive PCR-SSCP
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analysis the PCR products were denatured to a single-
strand state by mixing a 4 pl aliquot of the product with
6 pl of formamide stop solution and separated in 10%
polyacrylamide gel 20 x 20 cm (49 : 1 acrylamide: bis),
5% glycerol, 20 °C, 0.5 x TBE, 70 V, 12 h.
PCR-amplified RYR! gene specific fragments were
cloned in pGem5 Zf(-) plasmid. Plasmid DNA was puri-
fied using Wizard™ columns (Promega). Double stranded
templates were sequenced by the Sanger dideoxy chain
termination method (Sanger et al., 1979), using the fol-
lowing Cy-5' labeled primers:
— universal primer - 5-Cy5-d[CGACGTTGTAAAACGACGGCCAGT]
—reverse primer - 5-Cy5-d{lCAGGAAACAGCTATGAC]
according to Cy5™ AutoRed™ Sequencing Kit proto-
col. Sequencing products were analyzed with the ALF-
express ™ sequencing system (Pharmacia Bioech).

RESULTS AND DISCUSSION

The initial aim of our research was to confirm the homo-
logy of ryanodine receptor gene in horses and swine.
The first step in our investigation was to observe whether
primers synthesized on the basis of the cDNA sequence
in the porcine RYR/ gene which would make the ampli-
fication of the analogous sequence in the horse possible.
The electrophoresis of PCR products indicated the occur-
rence of a RYRI gene fragment of the same size both in
the horse and in the pig. We expected to find possibly
a mutation analogous to 1843C—T in swine. Therefore,
we used the PCR-RFLP analysis with the application of
HinP1 restrictase. However, we did not observe a typical
digestion of the PCR product within the GLCGC locus
distinguishable for the HinPI enzyme, as is found in the
case of 1843 C—T mutation in swine.

Wielkopolska
Horse
C S

L C v C N

Screening for single nucleotide changes in the RYRI
gene of the individuals was carried out using SSCP method
(Orita et al., 1989). In SSCP analysis performed for the
RYRI gene an additional SSCP pattern was observed in
one individual of Wielkopolska horse. There are some
techniques of detection of point mutations, however, the
only direct nucleotide sequence analysis gives 100%
precision of results. The results obtained using various
PCR-SSCP variants were finally verified by sequence
analysis with the ALFexpress™ DNA Sequencer. It
made it possible to establish the nucleotide sequence in
the investigated fragment of the RYR! gene.

The exon 17 sequence in the horse ryanodine receptor
gene in Wielkopolska breed horses differs from that given
by Ishida et al. (1996), who analyzed exon 17 of the
RYRI gene in six equus species. We did not phenotype
animals for MH, and the main focus was put on the se-
quence of exon 17 of the ryanodine receptor gene. In our
study we found the G—T transversion (Fig. 1) and re-
sulting from it the substitution of alanine by serine. It
seems improbable the substitution of neutral amino acid
(alanine) with basic amino acid (serine) could result in
a change in locus conformation of the active ryanodine
receptor in the horse. Moreover, we did not find a homo-
zygous individual in reference to the G—T transversion.
Clinical or phenotypic changes in the heterozygote in re-
lation to a healthy heterozygote are, as could be ex-
pected, difficult to observe in this case. In swine mutated
1843C—T heterozygotes there is a significant change in
the charge from arginine in MHN individuals to cysteine
in MHS individuals. In consequence, Ca’" easily penetrates
the defective calcium channel. However, it can not be
ruled out that the substitution of neutral amino acid with
amino acid of a basic residue in the site of the active recep-
tor may also cause an undesirable reaction of the organism.

GT TCC CTG TGT GTG TGC AAT GGT GTG TCC GTG CGC TCC AAC
G V § V R S N

CAA GAT CTC ATT ACT GAG AAC TTG CTC CCT GGC

"D 1 1“FYE

Thoroughbred (Ishida et al. 1996)

N L L

P G

1843

GT TCC CTG TGT GTG TGC AAT GGC GTG GCC GTG CGC TCC AAC

e §VE "€ 'V €

N G

V AV R S N

CAA GAT CTC ATT ACC GAG AAC TTG CTC CCT GGC

G'D L I 2 8

Fig. 1. A new polymorphism C1837T found in Wielkopolska horse. Nucleotide and amino acids deduced sequence al

N L

L. B G

of RYRI gene

B!

in the region of nucleotide 1843 (restriction site recognized by HinPl — GJCGC). The substitutions of the nucleotides or amino acids are

underlined, and malignant hyperthermia mutation site is bolded
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The degree of homology between the investigated
fragment of the RYR/ gene in horses and swine is high
and amounts to 98.7%.
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DIGESTIBILITY OF NUTRIENTS, NITROGEN DEGRADABILITY
AND INTESTINAL DIGESTIBILITY OF RUMEN UNDEGRADED
PROTEIN OF ALKALI-TREATED BARLEY

STRAVITELNOST ZIVIN, DEGRADOVATELNOST N-LATEK
A INTESTINALNI STRAVITELNOST N-LATEK NEDEGRADOVANYCH
V BACHORU U LOUHOVANEHO JECMENE

P. Homolka

Research Institute of Animal Production, Prague-UhFinéves, Czech Republic

ABSTRACT: In this study, nutritive value of barley grain treated with sodium hydroxide and of barley meal were com-
pared. In metabolic trials on wethers, dry matter digestibility of alkali-treated grain increased by 9.9% compared with
ground barley (86.2% and 76.3 respectively), organic matter digestibility increased by 9.8% (87.6% and 77.8% respec-
tively, P < 0.05), nitrogen-free extract digestibility increased by 6.3% (93.0% and 86.7% respectively) and digestibility
of energy increased by 9.4% (85.4 and 76.0% respectively). Nitrogen degradability of alkali-treated barley (65.7%) was
15.6% lower than that of barley meal (81.3%, P < 0.01). Intestinal digestibility of rumen undegraded protein of alkali-
treated barley (92.6%) was 18.8% higher (P < 0.01) than that of barley meal (73.8%). The PDIN and PDIE levels calculated
for alkali-treated barley were 76.1 g.kg™' dry matter (DM) and 108.1 g.kg™" DM, respectively, and 70.2 g.kg”' DM and
83.0 g.kg' DM, respectively, in the case of barley meal. The NEL content was in alkali-treated barley (8.393 MJ kg ' DM)
higher by 0.556 MJ than that in barley meal (7.837 MJ kg ' DM). The NEV content in alkali-treated barley (9.075 MJ kg
DM) was higher by 0.788 MJ than that in barley meal (8.287 MJ kg ' DM).

Keywords: alkali-treated barley; digestibility; nitrogen degradability; intestinal digestibility; PDI; NEL

ABSTRAKT: V praci byla porovnana nutri¢ni hodnota je¢ného zrna o3etfen¢ho hydroxidem sodnym s nutri¢ni hodnotou
je&ného Srotu. V bilanénim pokuse na skopcich byla stanovena u louhovaného je¢mene oproti je¢nému Srotu vys3i stravi-
telnost susiny o0 9,9 % (86,2 %, resp. 76,3 %), organické hmoty (P < 0,05) 0 9,8 % (87,6 %, resp. 77,8 %), BNLV 0 6,3 %
(93,0 %, resp. 86,7 %) a energie 0 9,4 % (85,4 %, resp. 76,0 %). Efektivni degradovatelnost N-latek byla u louhovaného
jecmene (65,7 %) nizsi 015,6 % (P < 0,01), nez u jecného Srotu (81,3 %). Intestindlni stravitelnosti N-latek nedegrado-
vanych v bachoru byla u louhovaného je¢mene (92,6 %) vy3si o 18,8 % (P < 0,01), nez u jeéného 3rotu (73,8 %). Vy-
po&itany obsah jednotek PDIN a PDIE ¢&inil u louhovaného jeémene 76,1 g.kg™ susiny, resp. 108,1 g.kg ' suSiny a u je¢ného
srotu 70,2 g.kg ' susiny, resp. 83,0 g.kg' susiny. Obsah jednotek NEL byl u louhovaného je¢mene (8,393 MJ kg™' susi-
ny) vy3si o 0,556 MJ, nez v pfipadé je¢ného Srotu (7,837 MJ kg ' suSiny). Obsah jednotek NEV byl u louhovaného
jecmene (9,075 MJ kg™' sudiny) rovnéz vy3§i o 0,788 MJ, nez v pripadé je€ného $rotu (8,287 MJ kg susiny).

Kli¢ova slova: louhovany je¢men; stravitelnost; degradovatelnost N-latek; intestinélni stravitelnost; PDI; NEL

INTRODUCTION

Whole grains fed to ruminants are not sufficiently uti-
lized in their digestive tract. To overcome this problem,
grains are processed by a number of methods (physical,
chemical, biological or combined), with the aim of in-
creasing their nutritive value, digestibility and intake.
The most common of these methods is grinding. The
problem of this method is the small size of resulting par-

ticles which is responsible for rapid fermentation of nu-
trients (mainly starches) in the rumen. In high-yielding
dairy cows, too high proportions of ground grain may
disorder rumen functions, cause acidosis and lower di-
gestibility of fibre.

In the 1970s, sodium hydroxide (NaOH) was used to
increase the digestibility of straw and other fibrous ma-
terials. @rskov and Greenhalgh (1977) described the use
of caustic soda for the treatment of grain (sodagrain).

This work was supported by the Ministry of Agriculture of the Czech Republic (Project EP0960006339) and the Grant Agency of the Czech

Republic (Grant No. 523/98/P209).
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The NaOH treatment is suitable for the conservation of
wet grain after harvest, but it can also be applied to dry
grain if water is added. A chemical reaction takes place
in the grain treated, and NaOH is changed to sodium bi-
carbonate (NaHCO,) while a certain amount of heat is gen-
erated. The grain swells, the surface husk of the grain
breaks, and the endosperm becomes accessible for ru-
men micro-organisms and their enzymes (Barnes and
@rskov, 1982). It is the best to feed sodagrain in a total
mixed ration (TMR) where its high alkalinity (pH 9-11)
neutralizes the acidity of silage and stabilizes the rumen
environment. As the process of digestion is slower in
comparison with ground grains, it is possible to use higher
rations of grain feed without disturbing the fermentation
processes in the rumen. The nutrients are degraded to
a lesser extent in the rumen and more of them are enzy-
matically digested in the small intestine. Its high pH pro-
tects sodagrain against contamination by micro-
organisms and the growth of toxicogenic moulds. The
alkali treatment protects grain against the proliferation
of micro-ogranisms and moulds for six months at least
(Drskov et al., 1979). The damage caused by rodents
and birds is also minimized, because they do not like soda-
grain feeds (Loucka et al., 1994).

The aim of the present study was to calculate the di-
gestibility of nutrients, nitrogen degradability and intes-
tinal digestibility of rumen undegraded protein in alkali-
treated grain in experiments with ruminants, and make
a comparison with data from barley meal experiments.
On the basis of the data ascertained, the nutrition value
of feeds was expressed in PDI and NEL/NEV units.

MATERIAL AND METHODS

Feeds

Dry barley grain was used:

a) treated with sodium hydroxide (3 kg NaOH per 100 kg
barley) with water added. Thus the final dry matter
content of the feed was 64.92%. Metabolic experi-
ments started 3 months after NaOH application,

b) ground grain.

Chemical composition and gross energy content of

meal samples are given in Table 1.

Digestibility of nutrients and energy

In order to determine the digestibility of dry matter,
organic matter, nitrogen-free extract and energy in in
vivo metabolic trials, three fattened merino rams weigh-
ing 83 + 9 kg (for procedure, see Vencl, 1985) were

used. The differential method consisting of two experi-
ments was used to determine the balances, i.e. the basic
feed digestibility and the basic feed plus the tested feed
(sodagrain or meal) digestibility experiments. To calcu-
late the digestibility of the feed tested, the amount of di-
gestible nutrients of the basic feed was subtracted.

Nitrogen degradability

The nitrogen degradability experiments were performed
using in sacco method in three dry cows (Black Pied)
with a large ruminal cannulas (120 mm internal diameter).
The cows were fed twice a day (at 6 a.m. and 4 p.m.)
and their daily rations consisted of 4 kg lucerne hay, 10 kg
maize silage and 1 kg barley meal with a vitamin and
mineral supplement.

A Retsch cutting grinder with 8mm mesh was used to
grind samples of alkali-treated barley at 64.92% original
dry matter. This partially broke the grains and substi-
tuted for the animal’s chewing. Feed prepared in this
way was weighed at 2 g to 15 x 5 cm nylon bags of 42 pm
pore size (Uhelon 130 T, Silk & Progress Moravska
Chrastova). The barley meal was weighed directly, with
no adjustments. The bags with the feed were attached to
a cylindrical carrier (Tfinacty et al., 1996) and incubated
in the rumen for 2, 4, 8, 16 or 24 hours. For each time
period, 6 bags with tested feed were made, and each of
the 3 cannulated cows had two of them placed in the ru-
men. When removed from the rumen, the bags were
washed for 30 min in running water. The feed residues
were placed onto filtration paper and dried for 24 hours
at 50 °C. To calculate the effective degradability, the
method of @rskov and McDonald (1979) was used at the
rumen fractional outflow rate (k) of 6%.h™". No correc-
tions for microbial contamination were made.

Intestinal digestibility of rumen undegraded protein

The mobile bag technique (Frydrych, 1992; Homolka
et al., 1996) with dry cows fitted with the T-piece can-
nula in the proximal duodenum was used to ascertain in-
testinal digestibility. It consists of three steps:

1) Feed incubation in the rumen of three cows to obtain
undegraded feed residues. Samples of alkali-treated
barley at 64.92% original dry matter were ground on
an 8mm mesh Retsch cutting grinder. Barley meal sam-
ples were weighed directly without adjustments. The
bags (15 x 5 cm, pore size 42 pm) with weighed feed
were incubated in the rumen for 16 hours. The bags
were then washed for 30 minutes in water and dried
for 24 hours at 50 °C.

Table 1. Nutrients and energy contents of barley grain treated with sodium hydroxide (sodagrain) and of barley meal in absolute dry matter

Nitrogen-free
Feed Dry matter Crude protein | Ether extract Crude fibre extract Organic matter | Gross energy
(g (g) (8) (8) (g) (g) (MJ)
Alkali-treated barley 649.2 107.2 24.1 518 755.1 938.2 17.83
Ground barley 885.2 115.1 26.0 547 774.3 970.1 18.35
448 CZECH J. ANIM. SCI., 45, 2000: 447-450



2) The residues of each feed were weighed to 22 nylon
bags (4 x 4.6 cm, pore size 42 pm). The bags were
sealed and incubated in a pepsin and 0.01 N hydro-
chloric acid solution for 2.5 hours at 39 °C.

3) The bags were placed into the duodenum of 3 cows
with a simple duodenal T-cannula. The bags found
within 24 hours in the faeces were washed in water
and subsequently freeze-dried. Intestinal digestibility
was calculated from the formula:

(A -B)/A x 100,
where: A —amount of proteins (in dry matter) entering the intestine
B - protein residues (in dry matter) after passage through
the intestine

Chemical analyses and calculations of PDI
and NEL/NEV

Dry matter and nutrients analyses were made in accor-
dance with CSN 46 70 92 Standards. Nitrogen content
was determined according to Kjeldahl. The PDIN, NEL
and NEV values were calculated according to Sommer
et al. (1994).

RESULTS AND DISCUSSION

The changes in the chemical composition of barley af-
ter sodium hydroxide treatment are given in Table 1. The
lower dry matter value is due to water added during
leaching. The higher ash content is due to the addition of
3% NaOH, which also reduced the relative contents of
other nutrients. Metabolic experiments with rams (Table 2)
showed an increase of 9.9% in digestibility of the alkali-
treated grain compared with ground barley (86.2% and
76.3% respectively), 9.8% increase in organic matter
(87.6% and 77.8% respectively, P < 0.05), 6.3% increase
in nitrogen — free extracts (93.0% and 86.7% respec-
tively) and 9.4% increase in energy (85.4 and 76.0% re-
spectively). In experiments on lambs, @rskov et al.
(1981) reported a higher digestibility of dry matter and
organic matter of alkali-treated barley (85.3% and
87.1% respectively) compared with whole grain barley
(78.0% and 82.1% respectively). The reported sodagrain
digestibility figures are in agreement with the results of
our experiments. In experiments with bulls, @rskov et al.
(1980) demonstrated increased digestibility of dry mat-
ter of barley (P < 0.001) with increasing concentrations
of sodium hydroxide. They reported 83.3% dry matter
digestibility after an application of 35 g NaOH per kg

Table 2. Digestibility coefficients of nutrients and energy of barley grain
treated with sodium hydroxide (sodagrain) and of barley meal

grain, which is 2.94% less than the present calculated re-
sult. The use of alkali-treated grain slows down the pro-
cess of nutrient digestion by rumen micro-organisms,
and the proportion of nutrients that escape degradation
in the rumen and pass on to the small intestine increases.
From the energy point of view, digestion in the small in-
testine is more effective than rumen fermentation, be-
cause less energy is lost through the generation of methane
and fermentation heat (@rskov, 1986). Barley meal
starch is 90% degraded in the rumen and only 10% of it
passes on (Drskov, 1986). The increase in the amount of
starch passing on to the small intestine is however lim-
ited because starch digestion in the small intestine is also
limited (Kreikemeier et al., 1991).

The nitrogen effective degradability (Table 3) deter-
mined by the in sacco method in cannulated cows was
65.7% and 81.3% for alkali-treated barley and barley
meal, respectively, i.e., a decrease in protein degrada-
bility in alkali-treated barley by 15.6% compared to bar-
ley meal (P < 0.01). Because of the fine structure and
large surface of meal particles, most of their nutrients
are digested by the action of rumen micro-organisms. In
the alkali-treated grain, on the other hand, only the grain
husk is cracked, the digestion is slower and the propor-
tion of nutrients passing on to the small intestine, where
enzymatic digestion takes place, is higher. The lower
degradability of sodagrain ensures that a higher propor-
tion of proteins passes on to the small intestine. Com-
pared with ground grains, alkali-treated grains are

Table 3. Protein degradability (DEG %) and intestinal digestibility of
rumen undegraded protein (DSI %) in the feeds tested (n = number of
assessments)

Feed DEG n DSI n

(%) (%)
Alkali-treated barley | 65.7 6 92.6 22
Ground barley 81.3 6 73.8 18
P< 0.01 0.01

Dry Organic | Nitrogen-
Feed matter matter | frecextract | Energy
(%) (%) (%) (%)
Alkali-treated barley | 86.2 87.6 93.0 85.4
Ground barley 76.3 77.8 86.7 76.0
P< 0.1 0.0 0.1 0.1

CZECH J. ANIM. SCI, 45, 2000: 447-450

digested more slowly and maintain a higher pH level in
the rumen (@rskov et al., 1978). Demeterova and Vajda
(1998) reported a 35.4% decrease in digestibility of al-
kali-treated wheat (59.2%) after 24-hour incubation in
the rumen compared with ground wheat. In their experi-
ments with cows, O’Mara et al. (1997) calculated effec-
tive protein degradability (at the rumen fractional
outflow rate 5%.h™") 80.9% and 52.4% for wheat meal
and sodagrain, respectively.

The intestinal digestibility of rumen undegraded pro-
tein determined by the mobile bag technique in cows
with rumen and duodenal cannulas (Table 3) was 92.6%
and 73.8% for alkali-treated barley and barley meal, re-
spectively. The 18.8% difference between intestinal protein
digestibility of alkali-treated barley and barley meal was
significant (P < 0.01). The higher intestinal digestibility
of alkali-treated barley shows that the substances unde-
graded in the rumen were utilized in the small intestine.
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The PDIN and PDIE levels (Table 4) in alkali-treated
barley were 76.1 g.kg™' dry matter (DM) and 108.1 g.kg™'
DM, respectively. Corresponding values for untreated
barley and barley meal were 70.2 gkg"' DM and 83.0 gkg™'
DM, respectively. In alkali-treated barley, the PDIN and
PDIE levels were higher by 5.9 g.kg' DM and 25.1 g.kg™
dry matter, respectively (P < 0.01). By comparing PDIN
values, which express the microbial proteosynthesis
from degraded feed protein, and PDIE values, which ex-
press microbial proteosynthesis from available energy,
we can find the balance between the requirements of mi-
cro-organisms and the intake of degradable protein
(Homolka et al., 1996). As sodagrain has a higher PDIE
value, it is a feed with lower degradability, suitable for

Table 4. Contents of PDIN, PDIE, NEL and NEV in absolute dry matter

Feed PDIN PDIE NEL NEV
(g) (G) MJ) (M)
Alkali-treated barley 76.1 108.1 8.393 9.075
Ground barley 70.2 83.0 7.837 8.287
PpE 0.01 0.01 - 0.1

high-yielding animals. This allows us to use sodagrain in
rations with feeds of higher degradability.

The NEL content was higher by 0.556 MJ in alkali-
treated barley (8.393 MJ kg™' DM) than in barley meal
(7.837 MJ kg' DM). The NEV content was higher by
0.788 MJ in alkali-treated barley (9.075 MJ kg"' DM)
than in barley meal (8.287 MJ kg™ DM).
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DIGESTIBILITY AND GROWTH PERFORMANCE OF GROWING-
FINISHING PIGS FED DIETS WITH DIFFERENTLY GROUND
OR EXPANDED BARLEY

STRAVITELNOST ZIVIN A RUST PRASAT VE VYKRMU DOSTAVAJICIiCH
RUZNE UPRAVENY NEBO EXPANDOVANY JECMEN

M. Flisl, W. Sobotka' , L. Mieszkalskiz, S. Mankowski’

'nstitute of Animal Nutrition and Feed Management, *Institute of Agricultural and Machin-
ery Equipment, University of Warminsko-Mazurski, Olsztyn, Poland

ABSTRACT: Nutritive value of diets containing barley grain either milled using different methods or expanded was as-
sessed in an experiment on 24 growing pigs (30-92 kg BW). Four diets were applied: MH - with middle hammer milled
barley (1 070 um), FH - with fine hammer milled barley (640 um), R — with rolled barley (2 000 um) and HE - with finc
hammer milled and expanded barley. Barley constituted 74% of grower diets and 80.5% of finisher diets. Digestibility of
nutrients and energy value of diets were assessed, together with the balance of nitrogen, daily gains and feed conversion.
The largest differences in digestibility were found between FH diet with fine hammer milled barley and R diet with rolled
barley. Digestibility of crude protein and ether extract in FH diet was significantly higher (P < 0.01) than the respective
digestibility in R diet. Gross energy digestibility in FH diet was also higher compared with R diet, but the difference was
not significant. The expanding of barley did not improve the digestibility of nutrients. Neither the sizes of particles
(MH vs. FH) nor the grinding method (R vs. MH and FH) had a significant effect on daily gains of pigs (676-707 g) and
feed conversion (3.34-3.50 kg/kg), similary like grain expanding.

Keywords: pig; barley; grinding method; digestibility; growth performance

ABSTRAKT: V pokuse s 24 vykrmovymi prasaty (30 az 92 kg zivé hmotnosti) jsme hodnotili nutri¢ni hodnotu krmnych
davek, které obsahovaly je¢men bud mlety riznym zplsobem, nebo expandovany. Pouzili jsme ¢tyfi typy krmnych
davek: MH — je¢men mlety ve mlyné se stfednimi kladivky (1 070 pm), FH - jecmen mlety ve mlyné s jemnymi kladivky
(640 pm), R — jecné vlocky (2 000 um) a HE — je¢men mlety jemnymi kladivky a expandovany. Je¢men tvofil 74 % krm-
né davky poddvané prasatim ve vlastnim vykrmu a 80,5 % krmné dévky podavané prasatim v kone¢né fazi vykrmu.
Spolu s bilanci dusiku, dennimi pfiristky zvifat a konverzi krmiva jsme hodnotili stravitelnost Zivin a energetickou hod-
notu krmiv. Nejvétsi rozdily ve stravitelnosti jsme zjistili mezi krmnou davkou FH obsahujici je¢men mlety jemnymi
kladivky a krmnou davkou R s jeénymi vlio¢kami. Stravitelnost dusikatych latek a éterového extraktu v krmné davece FH
byla vyznamné vys$si (P < 0,01) neZ obdobna stravitelnost krmné davky R. Stravitelnost brutto energie krmné davky FH
byla ve srovnani s krmnou davkou R rovnéz vyssi, ale rozdil nebyl vyznamny. Expandovany je¢men nezlep$il stravitel-
nost zivin. Velikost ¢astic (MH versus FH), ani zpisob mleti (R versus MH a FH) neovlivnily vyznamné denni priristky
prasat (676 az 707 g) a konverzi krmiva (3,34 az 3,50 kg/kg).

Klitova slova: prase; je¢men; zpusob mleti; stravitelnost; rist

INTRODUCTION

With the contribution reaching 70-80% of dietary dry
matter grains are a staple fodder in feeding of pigs that
are fed on milled or prepared grain. Grinding methods,
size of particles as well as preparation methods can dif-

fer. Grain is usually milled in hammer mills, which pro-
duce meal of finer or coarser particles and varied granulo-
metric composition. It has been proved that the use of very
fine milled grain improves the digestibility of nutrients
(Wiinsche et al., 1987; Henning et al., 1991) and dimin-
ishes the amount of nitrogen excreted to the environment
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(Wondra et al., 1995). The influence of the size of particles
of milled grain (or diet) on daily gains and feed conver-
sion is less obvious. In their research Henning et al.
(1991) and Mavromichalis et al. (1998) found out that
pigs receiving fine milled feed had significantly higher
daily gains and better feed conversion that pigs fed on
coarse milled feed. In other research (Laurinen et al., 2000)
no significant differences were observed as regards daily
gains and feed conversion in grower-finisher pigs fed on
feed mixtures containing fine or coarse milled barley.

In spite of their better digestibility and nutritive value,
fine milled feeds have a negative effect on the digestive
tract of pigs as they are associated with a higher incidence
of parakeratosis and ulcers in the oesophageal part of
stomach (Wondra et al., 1995). This is one of the reasons
why roller crushers are becoming a more and more popu-
lar machine for grinding grains. Another reason is lower
electrical energy consumption. Rolled grain causes fewer
pathological changes in the stomach as it contains only
small amounts of dusty particles (Lawrence et al., 1980).
Digestibility of nutrients and nutritive value of rolled
grain in swine feeding depend on how well the grain has
been rolled. Nutritive values of well rolled or fine milled
grain are comparable (Laurinen et al., 2000).

Attempts are made to improve the nutritive value of
grain fed to pigs by grain expanding. The results reported
by Nisi (1992) seem to suggest that the effect of grain
expanding on digestibility of nutrients and net energy
content in barley grain fed to grower-finisher pigs is small.

The aim of the experiment was to assess the influence
of milled, rolled or expanded barley grain fed to grow-
ing-finishing pigs on digestibility of nutrients, nitrogen
balance and daily weight gains and feed conversion.

MATERIAL AND METHODS

Twenty-four castrated male pigs, six in each group,
were fed on four diets (complete ration) containing bar-
ley grain prepared by different methods: middle hammer
milled — 6 mm sieve (MH group), fine hammer milled —
2.5 mm sieve (FH group), rolled in a roller crusher with
smooth rolls and a 0.8 mm slot (R group), fine hammer
milled - 3.0 mm sieve and expanded (HE group). Barley
was expanded in an Amandus Kahl expander at 85-100 °C.

The nutritive value of the diets (Table 1) was balanced
according to the Nutrient Requirements of Pigs (1993).
Barley constituted 74% of the grower diet (30-67 kg
BW) and 80.5% in the finisher diet (67-92 kg BW). The
pigs were maintained in individual metabolic cages and
were fed twice daily on mash diets, mixed with water
(feed : water 1 : 1), feeding level ranged from 1.6 to 2.9 kg.
While the pigs were on grower diets, the nitrogen bal-
ance and nutrient and energy digestibility were deter-
mined (at average body weight 56.5 kg), by the balance
method. Faeces and urine collections were carried out
for 6 days. Of the faeces excreted daily mean samples
for every pig were taken (10%) and put to a freezer.
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Table 1. Composition of grower (30-67 kg) and finisher (67-92 kg)
diets and their nutritive value

Diets
Specification grower finisher
MH, FH, R, HE* | MH, FH, R, HE*
Formulation of diet (g/kg)
Barley 739.6 804.7
Soybean meal 130.0 70.0
Rapeseed meal 100.0 100.0
Limestone 12.0 140
Dicalcium phosphate 7.0 7.0
Sodium chloride 3.0 3.0
Premix PT-1/PT-2 7.0 10
L-lysine (78%) 14 14
Nutritive value (g/kg)
Crude protein 167.0 148.0
Lysine' 89 15
Methionine' 2.7 2.7
Tryptophan' 19 1.7
Ca' 7.5 6.9
P digestible' 26 1.8
ME, MJ/kg 12.1 12.1

*diets with barley: middle hammer milled (MH), fine hammer milled
(FH), rolled (R), fine hammer milled and expanded (HE)

'value calculated according to Nutrient Requirement of Pigs (1993)

At the termination of the six-day collection period all the
samples were defrosted, homogenised and sets of two
samples were subsequently taken. After drying one set
of samples (at 60 °C), the content of dry matter, crude
ash, ether extract, crude fibre and gross energy was de-
termined. The other set of samples (fresh ones) was used
to determine the content of nitrogen. Sulphur acid was
used for the preservation of urine stored in containers.
Three per cent of daily urine amounts was sampled in
order to determine the content of nitrogen.

Nutrients in the feeds, faeces and N in urine were deter-
mined according to the conventional methods. Energy con-
tent in the feeds and in dried faeces was determined in
an adiabatic bomb calorimeter. Content of neutral detergent
fibre (NDF) and acid detergent fibre (ADF) in barley grain
was determined according to the method by Van Soest
and Wine using a Fibertec apparatus. Starch gelatinisation
in expanded barley was determined according to the
method of Tsuge et al. (1990). Particle size distribution
and geometric mean of ground barley were determined
according to the Polish Norm (PN 84/R-64798).

The results were analysed statistically by a one-factor
analysis of variance and Duncan’s multiple range test.

RESULTS AND DISCUSSION
Geometric means of ground barley particle size was

significantly varied: 1 070, 640 and 2 000 pm for MH, FH
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and R barley, respectively (Table 2). The parameters of
FH barley corresponded to the parameters of properly
ground feedstuffs for pigs (Kirchgessner er al., 1985);
only 22% of particles did not pass through a sieve with
1020 mm square mesh. The expanding of ground barley
posed a technical difficulty. Water steam was applied to

crease in the digestibility of nutrients in diets composed
of fine ground grain was also observed by Wiinsche et
al. (1987), Wondra et al. (1995) and Ayles et al. (1999).

Table 2. Particle size distribution of hammer milled and rolled barley (%)

overcome this problem, so that starch gelatinisation [} .o o hamﬂl::'drlfille p F ‘";’i'l‘:'e"dm"" —
reachcc.i 26..8% (Table 3.). Expand_ed grain, compared to (1m) (MH) (FH)
the grain prior to expanding, contained slightly more ether 2 0005 000 00 00 75
extract (2.34% vs. 1.85%) and NDF (17.19% vs. 15.63%),
while the content of the other nutrients remained nearly A0 2 0 137
unchanged. 2 000-3 000 11.8 3.0 439
The use of fine hammer milled barley in grower pig hO20E2 (00 415 19.3 21
diet had no significant effect on the digestibility of nutri- 430-1:020 330 508 9.5
ents (Table 4). However, FH diet had a slightly higher <430 12.8 26.9 43
digestibility of crude protein (79.1% vs. 77.0%) and ether | Geometric mean 1070 640 21000
extract (50.1% vs. 44.7%) compared to MH diet. An in- | of particle size
Table 3. Chemical composition of barley grain and grower and finisher diets (% air dry basis)
. Barley Grower diet Finisher diet
Ingredient
ground  expanded | MH' FH R HE MH FH R HE
Dry matter 86.21 85.62 87.54 87.62 87.59 86.96 88.16 88.14 88.14 88.03
Ash 2.00 2.04 471 4.81 474 478 432 438 430 4.44
Crude protein 10.64 10.67 16.51 16.70 16.74 16.55 15.07 14.84 14.74 14.60
Ether extract 1.85 234 201 2.00 1.98 249 1.86 1.94 1.86 2.46
Crude fibre 3.62 372 4.69 4.62 4.62 4.65 4.50 4.48 4.46 4.50
ADF 3.84 3.88
NDF* 15.63 17.19
DF! 17.38 17.36
Gross energy 15.02 15.14 16.34 16.27 16.28 16.28 15.65 15.54 15.56 15.65
Starch gelatinisation (%) 3.7 26.8
'explantation below Table [; %acid detergent fibre; *neutral detergent fibre; *dietary fibre
Table 4. Digestibility coefficients of nutrients of grower diets and nitrogen balance results
. Group
Indices
MH' FH R HE SE
Number of animals 5 5 5
Digestibility coefficients (%)
Crude protein 77.0 + 1.57* 79.1+1.24* 75.1 + 2.89" 753 +1.99" 0.36
Ether extract 44.7 +9.42* 50.1 +6.234 29.0+6.06" 49.0 £ 6.43* 1.32
Crude fibre 35.0+253 3491497 31.3+1.36 324+382 0.48
N-free extract 89.3+2.00 89.1+1.17 89.5+0.75 88.6£0.52 0.21
Gross energy 804 +1.77 810+ 1.15 79.5%1.50 795042 0.23
Digestible crude protein (g/kg diet) 127 132 126 125
Metabolizable energy (MJ/kg diet?) 12.35 12.45 12.17 12.15
Daily N balance
Intake (g) 60.7 61.4 61.6 61.3
Retained (g) 21.4+337 23.0+2.66 21.8+£399 2141231 0.58
Retained/intake (%) 353+558 37.5+434 354641 349375 094

'explanation below Table I; *calculated from digestible nutrients; SE standard error of mean
Means in a row with different superscripts are significantly different : a, b - P <0.05; A, B- P <0.01
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As confirmed by the results reported hereby, application
of fine ground grain typically leads to an improved di-
gestibility of crude protein rather than that of dry matter
or gross energy (Wondra et al., 1995; Ayles et al., 1999).

The largest differences in digestibility were observed
between R and FH grower diets. Digestibility of crude
protein and ether extract of R diet was significantly
worse (P < 0.01) and digestibility of gross energy was in-
significantly worse versus FH diet. As a result of lower
digestibility of several nutrients in R diet the amount of
metabolizable energy (computed from digestible nutri-
ents) was by 0.3 MJ/kg lower than in FH diet. The lower
digestibility of R diet nutrients may be attributed to the
insufficient grinding of grain. In research of Laurinen et
al. (2000) the digestibility of crude protein diets with
barley ground by three different roller mills ranged from
71.1% to 79.0%, depending on the mill type and a slot be-
tween the rolls of the roller.

The expanding of barley did not improve the digesti-
bility of nutrients. Except ether extract, HE diet nutrients
were digested in a similar way like the nutrients of R diet.
Nisi (1992) did not find any positive effect of barley
grain expanding on digestibility of nutrients either.

Retained nitrogen and retained/intake nitrogen showed
no significant differences between the groups fed diets
with barley prepared by the four methods (Table 4).

Neither degree of grinding (MH v. FH groups) nor
the grinding method (R vs. MH and FH groups) or barley
grain expanding had a statistically significant effect on
daily gains and feed conversion (Table 5). In the whole

_growth period (30-92 kg) the largest differences, albeit
not significant, were observed in daily gains between FH
group (fed on fine hammer milled barley) and R group
(given rolled barley). Daily weight gains in R group were

Table 5. Growth performance of growing and finishing pigs

38 g lower in the grower period and 31 g lower in the
grower-finisher period compared to the respective daily
gains in FH group. In the grower-finisher period, R group
consumed 0.16 kg more feed per 1 kg of weight gain
than FH group (P > 0.05). The results of Henning et al.
(1991) and Ayles et al. (1999) seem to suggest a positive
influence of fine hammer milled feed for pigs on daily
gains and feed conversion. No such relationship was
confirmed by Ohh et al. (1983) and Laurinen et al.
(2000). Giesemann et al. (1990) and Skomiat ez al. (1992)
reported that the use of rolled grain might cause a slight
decrease in daily gains of pigs, which seems to find con-
firmation in our study.

Feed conversion and daily gains in pigs fed on diet
with expanded barley resembled the results achieved in
pigs receiving milled or rolled barley. Van de Ginste and
de Schrijver (1998) also concluded that the expanding of
starter, grower and finisher diets with barley (57-50%),
wheat, cassava and soybean meal did not significantly
affect feed consumption, daily gains or feed conversion
of starting, growing or finishing pigs.

Percentage of meat in carcass (46.3-47.3%) did not
differ statistically significantly between the groups
(Table 5).

In conclusion, it can be suggested that the application
of differently ground (middle hammer milled, fine hammer
milled, rolled) or fine hammer milled and expanded bar-
ley grain in complete rations slightly influenced feeding
results. Statistically significant differences were observed
only in terms of the digestibility of crude protein and
ether extract between grower diets with fine hammer milled
barley (higher digestibility) and rolled barley (lower di-
gestibility). Daily gain (676-707 g) and feed conversion
in the whole growth period were slightly influenced by

Indices Groups
MH' FH R HE SE
Number of animals 6 6 6 6
Initial body weight (kg) 30.8+3.18 30.3+2.65 29.5+2.58 29.5+3.12 0.51
Final body weight (kg) 932+2.80 94.0 £5.36 90.3+3.02 91.1+3.64 0.66
Days of feeding 90 90 90 90
Average daily gains (g)
30-67 kg 674 £ 68.9 682 £749 644 £59.7 665 +21.7 10.47
67-92 kg 7231498 750 £ 62.4 727 £38.0 718 £349 8.44
30-92 kg 693 £49.0 707 +68.2 676 +36.3 684 +159 7.88
Feed/gain ratio (kg/kg)
30-67 kg 320+0.34 3.13£0.31 3341030 3.17£0.07 0.05
67-92 kg 3.80+0.28 3.67 £0.31 3.76 £0.18 3.80+0.21 0.04
30-92kg 3421024 334+030 3.50+0.18 3.42+0.08 0.04
Dressing percentage (%) 76.6 £2.32 763+1.72 772+198 773+252 038
Proportion of meat in carcass (%) 46.3 £ 4.06 46.6 £5.02 46.3+£4.40 473+1.39 0.69

'explantation below Table I; SE standard error of mean

454

CZECH J. ANIM. SCIL, 45, 2000: 451455



fineness of grinding (640 vs. 1 070 pm), mill type or ex-
panding barley applied in pig grower and finisher diets
at an amount of 74% and 80.5%, respectively.
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APPARENT DIGESTIBILITY OF FAT AND NITROGEN
RETENTION IN YOUNG CHICKS'

BILANCNI STRAVITELNOST TUKU A RETENCE DUSIKU U MLADYCH
KURAT

J. Zelenka, E. Fajmonova, E. Blazkova

Mendel University of Agriculture and Forestry at Brno, Czech Republic

ABSTRACT: Apparent fat digestibility and nitrogen retention were examined in broilers and laying type cockerels within
the first 15 days of life. Differences between birds with and without deutectomy were studied as well. In chicks without
deutectomy, there was a rapid decrease in fat digestibility from Day 2 to Day 6 and from Day 3 to Day 7 in broiler and
egg type hybrids, respectively. This drop was followed by an increase till Day 14. Observed changes may be connected
with excretion of endogenous nutrients originating primarily from the yolk sac. In deutectomized chicks, fat digestibility
increased within the period of Days 2 to 14. The utilisation of nitrogen in broilers was highly significantly (P < 0.001)
higher than in egg type chicks. The dependence of coefficients of apparent nitrogen retention on the age of chicks could
be expressed by means of parabola equations with the maximum values on Days 12—13. The amount of N retained in the
organism per unit of weight gain increased with the increasing age.

Keywords: young cockerels; deutectomy; digestibility of fat; nitrogen retention

ABSTRAKT: U kohoutkli masného a nosného typu jsme v prvych 15 dnech Zivota sledovali bilan¢ni stravitelnost tuku
a bilanéni retenci dusiku. Zjistovali jsme také rozdily mezi deutektomovanymi kufaty a kohoutky s ponechanymi
Zloutkovymi vaky. U intaktnich kufat brojlerového typu klesala stravitelnost tuku od 2. do 6. dne a u kufat nosného typu
od 3. do 7. dne véku. Pokles byl nasledovan vzestupem do 14. dne. Pozorované zmény mohou byt spojovany
s vylu¢ovanim endogennich Zivin piivodné pochazejicich ze Zloutkového vaku. U deutektomovanych kufat se stravitel-
nost tuku zvy3ovala od 2. do 14. dne v&ku. Vyuziti dusiku bylo u brojlerli vysoce pritkazné (P < 0,001) vy§8i nez u kufat
nosného typu. Zavislost koeficientd bilanéni retence dusiku na véku kufat lze vyjadrtit rovnici paraboly s maximem ve
12. az 13. dni Zivota. Mnozstvi dusiku uloZeného v organismu na jednotku pfirGstku se s pribyvajicim vékem zvysuje.

Klitovia slova: mladé kufata; deutektomie; stravitelnost tuku; retence dusiku

INTRODUCTION the basal surface of the endodermal layer feeds into the

major vitelline veins which enter the portal system of the

About 90% of the energy requirement of the develop-
ing chick is supplied by yolk lipids (Romanoff, 1960).
For the uptake of yolk nutrients, an organ or structure is
necessary. Such a structure, the yolk sac membrane (YSM),
takes a position of primary importance with regard to
lipid metabolism, being responsible for the uptake of
lipids from the yolk and the subsequent transfer of these
lipids to the body of the embryo (Noble and Cocchi,
1990). This membrane is essentially an extension of the
embryo’s small intestine and is connected with it. Its in-
ner surface is histologically similar to intestinal epithe-
lium and has the same absorptive function (Holdsworth
and Wilson, 1967). A network of capillaries adjacent to

embryo via the yolk stalk which connects the YSM to the
body of the embryo (Noble and Cocchi, 1990). Current
evidence indicates that yolk lipids are taken up by the
apical surface of the YSM endodermal cells, subjected
to hydrolysis, re-esterification and co-assembly with
apoproteins, and subsequently secreted in the form of
very low density lipoprotein particles from the basal sur-
face of the endoderm for delivery into embryonic circu-
lation (Speake et al., 1998). The newly synthesised
triglycerides, phospholipids and cholesterol esters are used
to assemble small lipoproteins which are delivered to the
embryonic liver through the vitelline portal veins. The
cholesterol esters accumulate mainly in the liver, where

'Supported by the Ministry of Agriculture of the Czech Republic (Grant No. 6186/96).
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they account for 80 per cent of hepatic lipid and 30 per
cent of its dry matter (Klassing, 1998). The YSM preferen-
tially absorbs yolk lipids over protein, so the yolk that re-
mains at hatching is enriched with protein (Romanoff,
1960).

Following hatching, part of the remaining yolk is ab-
sorbed by the YSM in a similar manner like in the embryo.
Also, some remnant yolk material is expelled through
the yolk stalk into the small intestine during the process
of retraction of the yolk into the peritoneal cavity during
hatching (Klassing, 1998). As Freeman and Vince (1974)
report, the withdrawing begins from the 19th day of in-
cubation. In this connection, yellowish or greenish mate-
rial resembling the yolk sac’s content was found in the
intestine on the last three days of incubation by Haller
(ex Romanoff, 1960). Part of the yolk sac’s contents was
also found in the caeca in the study of Zelenka and Jilek
(1970). Yolk contents that reach the proximal small in-
testine by antiperistaltic movements are hydrolysed and
probably absorbed, whereas those which remain in the
ileum and caecum were not hydrolysed and therefore not
utilised by the hatching bird and are thus excreted. The
higher endogenous losses depress digestibility values.
This may explain the low apparent digestibility values for
fatty acids in very young birds (Noy and Sklan, 1998).

The rate of passage of digesta increases with age post-
hatch. This is accompanied by a dramatic increase in se-
cretion of pancreatic enzymes and activity of brush-border
enzymes (Klassing, 1998). According to Katongole and
March (1980), the digestibility of dietary lipids during the
first week posthatch is low due to limiting rates of bile-
salt production. Another reason could be a lag in the devel-
opmental increase in pancreatic lipase secretion (Klassing,
1998). Chicks hatch with some reserves of trypsin, amy-
lase and lipase which were accumulated in the pancreas
during embryonic development (Nir et al., 1993). The
synthesis of these enzymes is limited during early age
and therefore, although total activities (relative to body
weight) in the pancreas increase from the first day after
hatching, specific activities (units/g pancreas) decrease
during 3 to 6 days after hatching (Nitsan, 1995). Later on,
as synthesis of enzymes matures, there is a rapid increase
in the specific activity of all enzymes (Nir et al., 1993).
In the pancreas, maximal values are attained on Day 8
for amylase and lipase and Day 11 for trypsin and chy-
motrypsin (Nitsan et al., 1991a). So the limited synthe-
ses of digestive enzymes in the pancreas during early
growth and their increase to maximum values around
Day 10, when relative growth rate is maximal, indicate
a possible association between these two traits (Nitsan et
al., 1991a). In a study by Noy and Sklan (1995) net
duodenal secretion of trypsin and lipase was low on Day
4 and increased 50- and 20-fold, respectively, by Day 21.

In an experiment by Zelenka and Jilek (1970), the
yolk sacs of chicks were weighed and their energy con-
tent was determined immediately after expiration of the
17th, 18th, 19th, and 20th day of incubation and at the
end of incubation (20 days and 18.4 + 0.3 hours). The
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average weight and energy content of the yolk sac were
14.5 g and 234 kJ, 12.9 g and 211 kJ, 12.2 g and 197 kJ,
10.7 g and 164 kJ, 7.9 g and 126 kJ, 90, 66, 42 and 18 hours
before hatching and at the time of hatching, respectively.
On the energy content basis, 90 hours before hatching
energy content of yolk sac decreased by 10 per cent till
66 hours before hatching and by 46 per cent till the mo-
ment of hatching. In the experiment by Holmes et al.
(1936), the content of fat was 3 818 mg on Day 18 of
incubation. If it is assumed that this value represented 90
per cent of yolk sac fat content at the end of 17th day of
life the total content of fat was 4 242 mg at this moment.
Six hours after hatching the content of fat in yolk sac
was 2 009 mg, so the drop was 53 per cent.

A significant amount of the yolk sac fat is stored in
the liver (Zelenka and Jilek, 1970). Total liver lipids were
found to decrease from 19% at hatching to 8.8% by Day 2
(Nitsan et al., 1991a). A part of these lipids can be excreted
by means of bile into the intestine. Zelenka and Jilek
(1970) determined concentration of chromic oxide in dry
matter of the digestive tract contents in fed chicks for the
period from 3rd to 7th day of life; in all cases the estab-
lished values were lower than those in dry matter of the
feed mixture.

Changes in nitrogen deposition in the organism of
growing chicks were studied by Mitchell ez al. as early
as 1926. They found an increasing nitrogen percentage
in gains with increasing live body weights. Moss et al.
(1968) determined nitrogen content in the skeletal
muscles in the chicks at the age of 0, 4, 8, 16 and 32 days.
Till Day 8, the content of nitrogen increased very quickly
and thereafter this increase was slower. In a study by
Murakami (1992), carcass protein content increased gradu-
ally from 12 to 18 per cent at hatch and 15 days of age,
respectively, and was not affected by deutectomy.

This study compares fat digestibility and nitrogen re-
tention in broilers and egg type chicks with substantially
different growth rate and in chicks with and without
deutectomy during the first 15 days of postembryonal life.

MATERIAL AND METHODS

Effects of age on the apparent digestibility of fat and
on the apparent nitrogen retention were investigated
within successive one-day balance periods using 95 in-
tact and 87 deutectomized male chicks of hybrid combi-
nation Isa Brown and 52 intact Ross 208 cockerels
during the growth period till the 15th day of age. Yolk
sacs were surgically removed immediately after hatch,
which was defined as the time when birds completely
cleared the shell. Observations of Isa Brown chicks were
made from the time of hatching and those of Ross 208
from one day of age.

Chicks were kept in balance cages. The initial environ-
mental temperature 35 °C was decreased daily by 0.7 °C.
Continuous artificial lighting was used. All chicks were
fed a not pelletized starter diet containing 225 g crude
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protein (i.e. 36 g N), 36.6 g crude fat and 12.06 MJ ni-
trogen-corrected metabolisable energy per kg during the
whole experimental period (Table 1). The feed was sup-
plied ad libitum and its consumption was recorded. Pa-
rameters under study were estimated using the chromic
oxide indicator method. The content of chromic oxide in
feed and freeze-dried excreta was estimated iodometrically

Table 1. Formulation of the diet

Ingredient (g/kg)
Maize meal 510
Wheat meal 1205
Soybean meal 260
Meat-and-bone meal 60
Fish meal 30
Dicalcium phosphate 7
Ground limestone 5
Sodium chloride 135
DL-methionine

Premix of feed additives" 4

""The premix supplied the following (mg/kg diet): Cu 9.6; Zn 19.2;
Fe 35.2; Mn 64; Co 0.096; Se 0.128; 1 0.72; retinyl acetate 4.13;
cholecalciferol 0.06; DL-o-tocopherol acetate 32; menadione 0.8;
thiamine 2.4; riboflavin 4.8; pyridoxine 4; cyanocobalamine 0.0272;
biotin 0.112; niacin amide 24; folic acid 1.12; pantothenic acid 8.8;
L-lysine.HCI 1152; sodium monensinate 80

(Mandel et al., 1960), nitrogen was determined according
to Kjeldahl and crude fat gravimetrically after extraction
with diethyl ether under the reflux for 6 hours. When es-
timating fat digestibility, urinary fat was not taken into
consideration (Mehring et al., 1961). The body weight
of the chicks was estimated daily at the end of each bal-
ance period. The contents of nitrogen in the live body
gain (mg/g) were calculated from feed intake, contents
of N in the diet, coefficients of its utilisation and body
weight gain in the following day. The regression analysis of
determined values was performed according to Snedecor
and Cochran (1967).

Table 2. Intake and excretion of fat and nitrogen

RESULTS AND DISCUSSION

Surgically removed yolk sac contained 448 mg of fat
and 228 mg of nitrogen.

In the first two days of postembryonal life, the body
weight of Isa Brown decreased while that of Ross 208 in-
creased on the second day. Live body weights on Day 15
of age were 120, 151 and 417 g in Isa Brown with and
without deutectomy and in Ross 208 chicks, respectively.

In Isa Brown chicks, 3.8 mg and 4.2 mg of fat were
found in the excreta while the intake of fat from feed mix-
ture was only 2.0 and 0.8 mg in intact and deutectomized
chicks on the first day after hatching, respectively. Also
on the 2nd, 3rd and 4th day of life the fat content in ex-
creta was higher in deutectomized (5.2, 13.4, 23.8 mg,
resp.) than in normal chicks (2.9, 8.5 and 23.0 mg, resp.)
in spite of substantially higher feed intake in the latter
(Table 2).

The coefficients of apparent digestibility of fat were
lower in chicks with deutectomy than in chicks with yolk
sacs not only on the above days but till Day 6 of age.
We do not know the reason of this phenomenon but the
same observation was made also in the experiment of
Murakami et al. (1992). In their study, digestibility of fat
in chicks with removed residual yolk was lower till the
5th day of age (Fig. 1); the differences on Day 2 and
Day 3 were significant (P < 0.05). In the following three
days, i.e. till Day 9 in our experiment and till Day 8 in
experiment by Murakami et al. (1992), the digestibility
of fat was much higher in deutectomized than in intact
chicks.

In the experiment by Carew et al. (1972) with chicks
on the low fat diet, fat excretion was 10 times higher
than its intake during the early age period of 2 to 7 days
and twice as high as the intake during the following pe-
riod of Day 8 to 15. The amount of total fat excreted
during the first week of life attributable to endogenous
sources would appear to be about 0.2 g.

In Fig. 2, data are presented about apparent digest-
ibility of fat found out in chicks without deutectomy in
our present study and in two trials by Zelenka (1973) using

White Plymouth Rock chickens fed mixture containing
either 29 g (Zelenka 73/1) or 33 g of fat per 1 kg of dry

Age of Fatinmg Nitrogen in mg
chicksdn intake excretion intake excretion
days
Isa Brown Ross 208 Isa Brown Ross 208 Isa Brown Ross 208 Isa Brown Ross 208
YS+ YS- YS+ YS+ YS- YS+ YS+ YS- YS+ YS+ YS- YS+

1 2.0 0.8 - 38 42 1.9 08 - 34.2 23.1 -

2 24.7 149 97.5 29 5.2 10.6 244 14.7 96.1 48.8 25.7 63.4

3 83.0 63.5 295.0 8.5 134 44.9 81.8 62.6 290.7 89.9 524 153.9

4 135.5 96.3 402.0 23.0 23.8 95.0 1335 94.9 396.2 109.3 68.8 200.2
YS+ chicks with yolk sacs
YS- deutectomized chicks
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Fig. 2. Fat digestibility

matter (Zelenka 73/2) and in a study with Arbor Acres
chicks by Murakami et al. (1992). In our present experi-
ment, apparent digestibility of fat in intact Isa Brown
chicks rapidly decreased from 90 to 69 per cent on Day 3
and Day 7, respectively, while in intact Ross 208 cockerels
from 89 to 72 per cent on Day 2 and Day 6, respectively.
In Experiments | and 2 by Zelenka (1973) the rapid de-
crease observed at the beginning came to a standstill be-
tween Day 7 and 9 and on Day 8, respectively. Murakami
et al. (1992) observed a similar decrease with the minimum
on Day 6. This drop was followed by an increase till
Day 13 (Murakami et al., 1992), Day 14 (Isa Brown and
Ross 208 in our experiment) and Day 15 (Zelenka, 1973).
In chicks with removed residual yolk (Fig. 1), apparent
digestibility increased within the period from Day 2 to
Day 14 in our experiment with Isa Brown chicks and
within the period from Day 6 to Day 15 in the experi-
ment by Murakami et al. (1992). Polin and Hussein
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(1982) found that in the first week of age chicks digested
6267 per cent of the dietary fat whereas in the second
more than 82 per cent of fat consumed were digested.
Significant changes in values of apparent digestibility
can hardly be associated with those of true digestibility.
Changes in the activity of esterase originating from the
small intestine (Laws and Moore, 1963; Nir et al., 1993)
showed a considerably different course than those observed
in our experiments. Based on observations by Noy and
Sklan (1999), who registered that the intestinal absorption
of labeled exogenous fatty acids was more than 80 per
cent at hatching and that it slightly increased till Day 4
as well as on results by Zelenka and Jilek (1970), who
found a lower concentration of chromic oxide in dry
matter of digesta from Day 3 to Day 7 than in dry matter
of feed mixture, it is possible to explain changes observed
in these experiments more probably on the basis of in-
creased excretion of endogenous nutrients originating
primarily from the yolk sac. When accepting such an ex-
planation, it seems to be probable that these surplus nutri-
ents are transiently deposited in other sites of chick
organism and that they are eliminated only slowly, i. e.
step by step, within the period of the first two weeks;
this was indicated also by the fact that the yolk sac was
resorbed rather quickly because it contained only 1/7 and
1/30 of the initial content of energy two and four days
after hatching, respectively (Zelenka and Jilek, 1970).
Consumption of nitrogen in Isa Brown cockerels was
lower than the content of this element in excreta within
the first two or three days after hatching in chicks with
or without deutectomy, respectively. In contrast to the
situation with fat excretion, the content of nitrogen in
droppings of deutectomized chicks was lower than that
in intact birds (Table 2). In experiment by Zelenka and
Jilek (1970), chicks without deutectomy obtained from
their yolk sacs by 132 mg more nitrogen than chicks
with yolk sac surgically removed. The average nitrogen
contents of the yolk sac were 491 and 359 mg 90 hours
before hatching and at the moment of hatching, respec-
tively. Intake of nitrogen in Ross 208 chicks was higher
than the excreted amount from the beginning of our ob-
servation on Day 2. An average apparent utilisation of
nitrogen in broilers was highly significantly (P < 0.001)
higher (53.7 = 0.95 per cent; mean = standard error of
the mean) than in egg type chicks (35.1 + 4.33 per cent).
This difference can be associated with enzyme activities.
In an experiment by Nitsan et al. (1991b), chicks selected
for high body weight showed higher enzymatic activities
in their intestinal contents than the line with low body
weight. Nevertheless these results did not fit with those
of Nir et al. (1993). In this experiment the intestinal con-
tents of meat type chicks exhibited lower activities of
trypsin and chymotrypsin than that of egg type chicks.

The dependence of coefficients of apparent nitrogen
retention (¥) on the age of chicks in days (X) within the
period of Day 3 to Day 15 (Fig. 3) could be expressed
by means of the 2nd degree parabola equations:
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for Isa Brown chicks without deutectomy
Y= -333+14.07 X~ 0.612049 X I;y = 0.914; P<0.01;
maximum X = 11.5, Y=47.5,

for Isa Brown chicks with deutectomy
Y=11.9+4.45X-0.186129 X% I;y = 0.754; P> 0.05;
maximum X=11.9, Y=38.5,

and for Ross 208 chicks without deutectomy
Y=40.2 +2.68 X-0.110794 X*; I,x= 0.877; P < 0.05;
maximum X' = 12.1, Y= 56.3.
Similarly, in experiments by Zelenka (1976), percent-

ages of retained nitrogen from N-consumed increased
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from hatching approximately to the end of the 2nd week
of age.

In the present experiment, the highest increase in co-
efficients of apparent retention of nitrogen was observed
till Days 8, 10 and 5 in Ross 208, intact Isa Brown and
deutectomized Isa Brown, respectively. Polin and Hussein
(1982) reported an increase in relative retention of nitro-
gen from Week 1 to Week 3 of age. These data do not
support the findings of Mahagna et al. (1995), who de-
termined nitrogen retention at the age of one and two
weeks. They registered a significant (P < 0.05) decrease
in followed values with the increasing age.

With the increasing age the amount of N retained in
the organism per 1 g of weight gain increased. The most
marked increase was observed within the first 10, 8 and
6 days after hatching in Isa Brown with yolk sacs, Ross
208 and deutectomized Isa Brown, respectively (Fig. 4).
Similar results were obtained in experiments by Moss et al.
(1968) in skeletal muscles, by Zelenka (1976) in the whole
body gain and by Murakami et al. (1992) in carcass
where the highest increase was observed till the Day 8, 9
and 3, respectively.

REFERENCES

Carew L. B,, Jr., Machemer R. H., Jr., Sharp R. W,, Foss D. C.
(1972): Fat absorption by the very young chick. Poult. Sci.,
51: 738-742. )

Freeman B. M., Vince M. A. (1974): Development of the Avian
Embryo. London, Chapman and Hall. 362 pp.

Holdsworth C. D., Wilson T. H. (1967): Development of active
sugar and amino acid transport in the yolk sac and intestine
of the chicken. Amer. J. Physiol., 212: 233-240.

Holmes A. D., Tripp F., Campbell P. A. (1936): The vitamin A
reserve of embryo and baby chicks. J. Nutr., //: 119-128.
Katongole J. B. D., March B. E. (1980): Fat utilization in rela-
tion to intestinal fatty acid binding protein and bile salts in
chicks of different ages and different genetic sources. Poult.

Sci., 59: 819-827.

Klasing K. C. (1998): Comparative Avian Nutrition. 1st ed.
Cambridge, University Press. 350 pp. '

Laws B. M., Moore J. H. (1963): The lipase and esterase ac-
tivities of the pancreas and small intestine of the chick. Bio-
chem. J., 87: 632-638.

Mahagna M., Nir 1., Larbier M., Nitsan Z. (1995): Effect of age
and exogenous amylase and protease on development of the
digestive tract, pancreatic enzyme activities and digestibility
of nutrients in young meat-type chicks. Reprod. Nutr. Dev.,
35:201-212.

Mandel L., Turynek V., Travni¢ek J. (1960): Jodometricka me-
toda stanoveni kysli¢niku chromitého, pouzitého jako indiké-
toru pfi pokusech stravitelnosti (An iodometric method of
determination of chromic oxide, used as an indicator in di-
gestibility trials). Zivo¢. Vyr., 5: 645- 652.

Mehring A. L., Jr., Nesbitt L. L., Johnson D., Jr., Titus H. W.
(1961): The effect of urinary fat on estimates of digestibility
of fat in the diet of chickens. Poult. Sci., 40: 826-827.

461



Mitchell H. H., Card L. E., Hamilton T. S. (1926): The growth
of White Plymouth Rock chickens. Bulletin No. 278, Uni-
versity of Illinois, Agricultural Experiment Station. 132 pp.

Moss, F. P, Leibholz J., Simmonds R. A. (1968): The growth
and composition of skeletal muscle in the chicken. 3. The vari-
ation with age of certain non-protein nitrogen fractions.
Poult. Sci., 47: 475-479.

Murakami H., Akiba Y., Horiguchi M. (1992): Growth and
utilization of nutrients in newly-hatched chick with or with-
out removal of residual yolk. Growth Develop. Aging, 56:
75-84.

Nir I, Nitsan Z., Mahagma M. (1993): Comparative growth
and development of the digestive organs and of some enzymes
in broiler and egg type chicks after hatching. Brit. Poult.
Sci., 34: 523-532.

Nitsan Z. (1995): The development of digestive tract in post-
hatched chicks. In: Proc. of 10th European Symp. on Poultry
Nutrition, Antalya: 21-28.

Nitsan Z., Ben-Avraham G., Zoref Z., Nir I. (1991a): Growth
and development of the digestive organs and some enzymes
in broiler chicks after hatching. Brit. Poult. Sci., 32: 515-523.

Nitsan Z., Dunnington E. A., Siegel P. B. (1991b): Organ
growth and digestive enzyme levels to fifteen days of age in
lines of chickens differing in body weight. Poult. Sci., 70:
2040-2048.

Noble R. C., Cocchii M. (1990): Lipid metabolism and neona-
tal chicken. Prog. Lipid Res., 29: 107-140.

Noy Y., Sklan D. (1995): Digestion and absorption in the young
chick. Poult. Sci., 74: 366-373.

Noy Y., Sklan D. (1998): Yolk utilization in hatching birds. In:
Proc. the 10th European Poultry Conference, Jerusalem:
435-438.

Noy Y., Sklan D. (1999): Energy utilization in newly hatched
chicks. Poult. Sci., 78: 1750~ 1756.

Polin D., Hussein T. H. (1982): The effect of bile acid on lip-
id and nitrogen retention, carcass composition, and dietary
metabolizable energy in very young chicks. Poult. Sci., 67:
1697- 1707.

Romanoff A. L. (1960): The Avian Embryo Structural and
Functional Development. New York, The MacMillan Co.
1305 pp.

Snedecor G. W., Cochran W. G. (1967): Statistical Methods.
6th ed. Ames, The Jowa State University Press. 593 pp.

Speake B. K., Noble R. C., Murray, A. M. B. (1998): The utili-
zation of yolk lipids by the chick embryo. Wid's Poult. Sci.
J., 54: 319-334.

Zelenka J. (1973): Bilanéni stravitelnost Zivin krmiva v prvych
dnech Zivota kufat (Apparent digestibility of feed nutrients
during the first days of chick life). Acta Univ. Agric. (Brno),
Fac. Agron., 2/: 119-124.

Zelenka J. (1976): Ukladani dusiku u kufat v prab&hu ristu
(Nitrogen retention in growing chicks). Acta Univ. Agric.
(Brno), Fac. Agron., 24: 491-499.

Zelenka J., Jilek F. (1970): Contribution to studies on the yolk
sac role in the nutrition of chickens. Acta Univ. Agric.
(Brno), Fac. Agron., /8: 439-448.

Received for publication on May 4, 2000
Accepted for publication on September 4, 2000

Contact Address:

Prof. Ing. Jiti Zelenka, CSc., Ustav vyzivy a krmeni hospodafskych zvifat, Mendelova zem&dglska a lesnicka univerzita,
Zemédélska 1, 613 00 Bmno, Ceska republika, tel.: +420 545 13 31 59, fax: +420 545 13 31 99, e-mail: zelenka@mendelu.cz

462

CZECH J. ANIM. SCIL, 45, 2000: 457-462


mailto:zelenka@mendelu.cz

THE EFFECTIVENESS OF FIX-A-TOX IN REDUCING
THE TRANSFER OF "CS INTO BROILER CHICKEN MEAT

SNIZENI TRANSFERU "’CS DO MASA KURECICH BROJLERU
POMOCI KRMNEHO DOPLNKU FIX-A-TOX

J. Bala§, M. Péschl

Department of Nuclear Methods, Mendel University of Agriculture and Forestry at Brno,
Czech Republic

ABSTRACT: The effect of FIX-A-TOX (F-A-T, dried colloid silicic acid with addition of clay minerals) on radiocaesium
("'Cs) uptake into meat was tested in broiler chickens. F-A-T, which was added to the feed mixture at a dosage of 0.1%
of feed mixture, decreased the radiocaesium uptake into meat only slightly, but significantly (P < 0.05). Reduction fac-
tors ('Y'Cs transfer without F-A-T compared to that observed after inclusion of the additive into the feed mixture) of
1.17-1.33 and 1.00-1.18, respectively, were achieved after single and repeated administrations of artificially contaminated
feed. F-A-T as a supplement during the decontamination period decreased the biological half-life of "*’Cs mostly by
about 5 hours. Independent on the effect of F-A-T, the uptake and also the decontamination of radiocaesium were faster
in thigh than in breast meat.

Keywords: ¥Cs; Cs-binders; broiler chicken; countermeasure; animal nutrition

ABSTRAKT: Byl testovan vliv krmného doplitku FIX-A-TOX (F-A-T, vysu$ené koloidni kyselina kiemiéitd s pfidavkem
jilovych minerali) na ptijem radiocesia ('’Cs) do masa brojlerovych kufat. F-A-T, pfidivany do krmné smési v ddvce
0,1%, snizil akumulaci radiocesia svalovinou nohou a prsni svalovinou pouze mirné, ale statisticky vyznamné (P < 0,05).
Redukéni faktory (pomér transferu "*’Cs bez pfidavku F-A-T ku transferu po pfidani F-A-T do krmiva) doséhly hodnot
1,17 az 1,33 po jednorazové aplikaci a 1,00 az 1,18 po opakovaném podavani kontaminovaného krmiva. F-A-T aplikova-
ny béhem dekontaminaéni faze snizil biologicky polocas radiocesia nejvice o 5 hodin. Nezavisle na plsobeni aditiva

piijem radiocesia a také dekontaminace byly rychlejsi u svaloviny nohou ve srovnani s prsni svalovinou.

Kli¢ova slova: 'V’Cs; absorbent radiocesia; brojlerova kufata; vyZiva zvifat

INTRODUCTION

The accident in the Chernobyl nuclear power plant con-
taminated a vast area of Europe with radionuclides, among
them radiocaesium ('*’Cs). The half-life of radiocaesium
is relatively long (30 years) and due to its chemical prop-
erties it can migrate in the food chain very easily, pre-
senting a potential danger for man.

The fallout resulted in high levels of radiocaesium
mainly in pasture grass and other forage (Bertilsson et
al., 1988). In some areas, a higher accumulation of *'Cs,
up to 300-600 Bq.kg ', was also monitored in grain
(Lantbruksstyrelsen, 1987). Therefore, the uptake of ra-
diocesium and its reduction were studied in farm ani-
mals, including broiler chickens.

Chemical methods belong to the most effective and
cost-effective countermeasures which are useful in limit-

ing radionuclide uptake and accumulation in farm ani-
mals. The effectiveness of clay minerals in reducing
radiocaesium concentrations in various farm animals
(goat, lamb, sheep, cow, pig and chicken) and their prod-
ucts (milk, meat) was reported by many authors during
1969-1990, reviewed by Voigt (1993). The reduction
factor of the different clays in the animals varied from 1.2
to 14 when they received an addition of tens to hundreds
of grams of the clays based on the respective animal
species.

After the Chernobyl accident interest was focused on
the use of hexacyanoferrate derivatives which showed the
highest effectiveness in the prevention of radiocaesium
uptake in comparison with other additives (Giese, 1988).
Many authors (e.g. Lindner et al., 1987; Pearce et al.,
1989; Daburon et al., 1991; Voigt et al., 1989, 1993) con-
firmed that the advantage for most farm animals (sheep,

This work was funded by the Czech Ministry of Education, Youth and Physical Training (Project No. GG MSM 432100001).
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cow, pig, hen) was that hexacyanoferrates were highly
effective binders (reduction factors 1.7-33) which could
be fed in low quantities (2-10 g.d™").

The prevention of radiocaesium uptake was also stud-
ied in poultry because it accumulates a high fraction of
ingested "*’Cs per kg meat compared with other farm
animals (Andersson et al., 1990). Voigt et al. (1993) quan-
tified the reducing effect of the feed additive ammonium-
ferric-cyano-ferrate (at concentrations of 0.66 g.kg™' and
1.33 gkg' of feed mixture) on the contamination of
broiler chicken meat by factors of more than 6. The re-
duction factors reached as much as 44 and 100 for eggs
and breast meat of hens, respectively. Vitorovic et al.
(1997) observed a 60-70 % reduction of the radiocaesium
uptake in 6-week-old broiler chickens when zeolite
(clinoptylolite) or AFCF (ammonium-ferric-cyano-ferrate)
was added to the diet, while Fe-ascorbate reduced the
uptake by only 20-40%.

Péschl and Balas (1999) determined the influence of
RADEKONT (a natural clinoptylolite modified by 2%
of hexacyanoferrate) on radiocaesium transfer after single
or repeated applications of artificially contaminated feed
mixtures and also investigated the effect of the additive
when feeding a mixture containing wheat contaminated
by the Chernoby! fallout. Reduction factors (**’Cs trans-
fer without the RADEKONT additive compared to that
observed after inclusion of the additive into the feed
mixture) of 1.1-1.3 and 1.2-2.3 respectively, were
achieved after single and repeated administrations of ar-
tificially contaminated feed. No significant differences
in the reduction effect between breast and thigh meat
were observed. RADEKONT was more effective when
chickens were fed the Chernobyl-contaminated wheat
(reduction factors of up to 3.7) than when the feed mix-
ture was artificially contaminated with '*’Cs. The addi-
tion of RADEKONT during the decontamination period
decreased the biological half-life of "*’Cs to less than
1 day.

The Czech market offers FIX-A-TOX (a preparation
supplied by the firm AN Bmo s.r.o., Czech Republic,
and produced by Werfft-Chemie Gesellschaft m.b.H.,
Austria), a feed additive suitable for farm animals due to
its very good absorption capacity (Werther and Herzig,
1996). 1t is particularly effective when eliminating myc-
otoxins. The composition of this preparation suggests
that it could bind radiocaesium, limiting its retention.
The objective of the present study was to find the effec-
tivity of FIX-A-TOX (hereinafter F-A-T) for the reduction
of 'Cs uptake into the breast and thigh meat of broiler
chickens.

MATERIAL AND METHODS
Experiments
Two experiments were carried out with broiler chickens

(hybrid combination Ross 208). The principles of labo-
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ratory animal care (the current version of the Czech Law
on the Protection of Animals) were applied. All the ani-
mals tested were kept in metabolic cages under environ-
mental conditions in terms of light, temperature, and
space, consistent with the standard required for broiler
chicken breeding in Europe (Standards of the Ministry
of Agriculture of the Czech Republic consistent with EU).
The broiler chickens received a standard feed mixture
containing 430 g of wheat, 300 g of maize, 160 g of soy-
bean meal, 60 g of meat and bone meal, 20 g of fish meal,
10 g of vegetable oil, and 20 g of mineral and vitamin
premix in 1 kg. The feed was provided ad libitum twice
a day (7:00 and 17:00 h).

The influence of F-A-T (containing 73% of dried col-
loid silicic acid, 12% of kaolinite, 8% of sepiolite, 7%
of steatite) was tested by adding F-A-T to the diet at a dos-
age of 0.1% of the weight of the feed mixture.

Artificially contaminated feed was prepared by mix-
ing aqueous *’Cs as caesium chloride (Amersham) with
the feed mixture at a 3 : 1 weight ratio. The feed was ad-
ministered into the crop perorally using a special appli-
cator.

In experiment 1, a single artificially contaminated
oral dose of 2.57 kBq of '*'Cs (activity concentration
0.826 kBq.g ") was administered to 30 14-day-old chick-
ens (live weight 520 + 27 g). Immediately after the "*’Cs
application, F-A-T was fed to 15 chickens, the other 15
chickens were fed without the binder. The "*’Cs activity
concentration in meat was observed for 66 hours. Five
animals of both groups of chickens were slaughtered at
18, 42 and 66 hours after radiocaesium application and
samples of breast and thigh meat were prepared for '*’Cs
determination.

In experiment 2, artificially contaminated oral doses
of 268 Bq of '’Cs (activity concentration 86.5 Bq.g™)
were administered to 70 14-day-old chickens (live weight
475 + 20 g) twice a day (at 8:00 and 20:00 h) and the
administration continued the following 10 days. Feeding
of F-A-T started in 35 chickens (experimental animals)
immediately after the application of the first dose of "*’Cs.
The remaining 35 chickens (intact animals) were fed
mixtures without F-A-T. The accumulation of "“’Cs was
observed in 20 experimental and 20 intact animals for
11 days. When the administration of "*’Cs was finished,
the decontamination process was examined in the re-
maining 15 experimental and 15 intact animals for 10 days.
From both the experimental and intact animals, five chick-
ens were slaughtered 1, 4, 7, 11, 12, 14 and 21 days after
the first application of *’Cs and samples of breast and
thigh meat were prepared for '*’Cs determination.

In addition, 4 chickens of each experiment were kept
as controls to monitor the *’Cs background level. In the
1% experiment two animals were slaughtered 24 hours after
"¥'Cs application and two animals after 66 hours. In the
2" experiment the animals were slaughtered 11 days and
21 days after the first application of *’Cs.
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Sampling and radiometry

All breast muscles (breast meat) and all thigh muscles
(thigh meat) were prepared for “’Cs determination.
Samples of homogenized and weighed breast or thigh
meat were counted in Marinelli beakers until the statistical
counting errors were < 3%. Gamma-spectrometric mea-
surements were performed with a pure germanium detec-
tor (25% efficiency, typical energy resolution 2.0 keV)
of 61 mm length and 51 mm diameter. The spectra were
evaluated with the canberrA S-100 hardware-software
system. Energy and efficiencies were calibrated with the
national standard (Decree of the COSMT) prepared by
the Czech Metrological Institute (Prague).

Transfer parameters and reduction factors

For the single dose experiment 1, the transfer of ra-
diocaesium from feed into chicken meat was expressed
as a relative activity concentration (TV.kg™), i.e. the ra-
tio of the "*’Cs activity concentration in meat (Bq.kg™)to
the ''Cs activity administered as a single dose (Bq). For
the multiple dose experiment 2, the transfer was quanti-
fied as the transfer coefficients (F; d.kg™), defined as
the activity concentration in meat (Bq.kg™) divided by
the daily activity intake (Bq.d™") at equilibrium.

Reduction factors were calculated as the ratio of the
¥Cs transfer values listed above without F-A-T to that
with F-A-T.

Biological half-lives and statistical analyses

Biological half-lives were derived from time-dependent
¥Cs activity concentrations using a method published
earlier (Poschl et al., 1997). The results were analysed
using the UNISTAT statistical package (UNISTAT
4.53d, 1984-1998).

RESULTS
Live weights and feed intake

Live weights, feed intake and feed conversion in the
experiments were consistent with standards for fattening
chickens and no significant difference was recorded in
these factors with and without F-A-T application. The com-
position of feed mixtures was similar in both experiments.

Experiment 1
The maximal "“’Cs activity concentrations in both
breast and thigh meat were observed 18 hours after

radiocaesium application. Then the *’Cs concentrations
decreased rapidly (P < 0.05, Figs. 1 and 2) with the bio-
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logical half-lives (T, calculated from means of *'Cs
activity concentrations) 55 and 47.5 hours in breast and
thigh meat, respectively. The TV for '*’Cs in meat (Table 1)
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Fig. 1. Effect of FIX-A-TOX addition to the feed on accumulation
and loss phases of '¥'Cs activity concentration in breast meat after
a single dose of '¥Cs in 14-day-old broiler chickens (bars represent
SEM)
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Fig. 2. Effect of FIX-A-TOX addition to the feed on accumulation and
loss phases of !*’Cs activity concentration in thigh meat after
a single dose of '¥’Cs in 14-day-old broiler chickens (bars represent
SEM)

Table 1. Transfer values (TV, a relative activity concentration) of a single
oral administration of '*’Cs from feed to meat and reduction factors in
broiler chicken meat after treatment with F-A-T (mean + SEM)

Duration after '¥’Cs administration (h)
0-18 0-42 0-66

Breast meat
Transfer values (kg)

-F-A-T 023+0.02 | 0.18+0.02 | 0.13+0.01

+F-A-T 0.19+0.01 | 0.19+0.01 | 0.10+0.01
Reduction factor 1.21£0.05 | 1.20£0.04 | 1.30+0.06
Thigh meat
Transfer values (kg)

- F-A-T 028+0.02 | 021 +0.01 | 0.13+0.01

+F-A-T 0.21£0.01 | 0.18+0.02 | 0.10+0.01
Reduction factor 133+0.06 | 1.17+0.03 | 1.30+0.03

465



reached 0.13-0.28 kg' without F-A-T and 0.10-0.21 kg™
with the additive. TV was higher (P < 0.05) in thigh
meat than in breast meat up to the 42™ hour. F-A-T re-
duced the "*'Cs transfer significantly (P < 0.05) and the
reduction factors varied between 1.21-1.30 (breast
meat) and 1.17-1.33 (thigh meat) over the different fat-
tening periods (Table 1).

Experiment 2

During a 11-day repeated administration of contami-
nated feed (Figs. 3 and 4), the "¥Cs activity concentra-
tions increased in both thigh meat and breast meat up

£ 5000 4

0O- FIX-A-TOX
+FIX-A-TOX

4000 -

3000

2000 A

1000 -

Cs activity concentration (Bg.kg

137
(=]
'

1 4 7 11 12 14 21
Time (days after the first application ofmCs)

Fig. 3. Effect of FIX-A-TOX addition to the feed on accumulation
and loss phases of '¥Cs activity concentration in breast meat during
and after repeated administration of artificially contaminated feed
mixture to 14-24-day-old broiler chickens (bars represent SEM)

to the 7" day after the first '*’Cs application, and the con-
centrations decreased insignificantly on the 11" day. Start-
ing on the 12" d the concentration in breast and thigh meat
decreased rapidly (P < 0.01) with T, 3.9 and 3.6 days,
respectively. The F values were 2.08-6.32 d.kg™ and
2.78-7.24 d.kg" in breast meat and thigh meat, respec-
tively. The transfer was higher (P < 0.05) into breast meat
than into thigh meat up to the 4" day after the first applica-
tion of radiocaesium and, on the contrary, lower (P < 0.05)
during the following days of the experiment. The trans-
fer was markedly higher (P < 0.01) than in experiment 1,
i.e. the transfer after single administration of "*’Cs. F-A-T
decreased the transfer of '*’Cs from feed to both breast
and thigh meat significantly (P < 0.05) but only 4 days

ke ™)
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Fig. 4. Effect of FIX-A-TOX addition to the feed on accumulation
and loss phases of '*’Cs activity concentration in thigh meat during
and after repeated administration of artificially contaminated feed
mixture to 14-24-day-old broiler chickens (bars represent SEM)

Table 2. Transfer coefficients (F) of ¥Cs from feed to meat and-reduction factors in broiler chicken meat after treatment with FIX-A-TOX (F-A-T)
(mean = SEM) (Cumulative '*’Cs intake increased by 536 Bq for each day of the 11-day period)

Duration after "*’Cs administration (hours)
0-1 04 0-7 0-11

Breast meat
Transfer coefficient (d.kg™)

-F-A-T 2.08 £0.08 6.37+0.25 7.713+0.36 6.32+0.22

+ F-A-T 2.09 £0.09 5.67+0.14 6.53 +0.19 571+0.24
Reduction factor 1.00£0.03 1.12+0.03 1.18 £0.06 1.11+£0.03
Thigh meat
Transfer coefficient (d.kg™)

~F-A-T 278 £0.10 6.55+0.31 7.24 £0.30 5.86+0.14

+ F-A-T 2.64 +0.06 5.67+0.18 6.21 £0.28 545£0.21
Reduction factor 1.05 +£0.04 1.16 £ 0.05 1.17 £0.03 1.08 +0.04

Table 3. Biological half-lives of '’Cs in meat of broiler chickens from
the elimination phase of each experiment after treatment with and
without FIX-A-TOX (F-A-T)

Biological half-life
Experiment breast meat thigh meat
~-F-A-T | +FAT -F-A-T +F-A-T
1 55h 50h 475h 47.0h
2 39d 39d 36d 34d
466

and 7 days after the first application of radiocaesium.
The reduction factors varied from 1.0 to 1.18 in breast
meat and from 1.05 to 1.17 in thigh meat over the differ-
ent fattening periods (Table 2). The differences between
breast and thigh meat, in terms of radiocaesium transfer,
did not affect the reduction effect of F-A-T.

In experiments 1 and 2, the F-A-T additive decreased
the biological half-lives of radiocaesium in meat mostly
by 5 hours (Table 3).
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DISCUSSION

The published results of the effect of the application
of both clay minerals and hexacyanoferrates have shown
a reduction in radiocaesium transfer from feed to animal
products. After the administration of different clays the
reduction factors in meat of various farm animals varied
from 1.2 to 8 when fed high amounts of the clays (review
by Voigt, 1993). Hexacyanoferrate derivates, however,
were found to be more effective as higher reduction fac-
tors were achieved with much lower doses (2-10 g.d™).

In the present study, the reduction effect of F-A-T
(an absorbent composed of natural clean clay minerals)
on radiocaesium in broiler chicken meat was tested. The
absorbent decreased the uptake of'*’Cs into broiler chicken
meat significantly (P < 0.05) after single and repeated
administration of contaminated feed. Reduction factors
of 1.17-1.33 and 1.00-1.18, respectively, were achieved
for single and multiple administrations of *’Cs in the accu-
mulation period.

The dynamics of *’Cs time-dependent activity con-
centrations both in breast and thigh meat after a single
administration of '*’Cs was in accordance with earlier re-
sults (Poschl et al., 1997; Poschl and Balés, 1999). The ac-
tivity concentrations rapidly increased in the first hours
after the administration and quickly decreased when
radiocaesium application was stopped. The 17-33%
F-A-T-based reduction of ”’Cs uptake into the meat (re-
duction factors 1.17-1.33) can be compared with the effect
of RADEKONT (reduction factors 1.10-1.35, Poschl
and Balas, 1999) and the effect of Fe-ascorbate (the 14.1%-
decrease 7 hours after introducing contamination) de-
scribed by Vitorovic et al. (1997).

The transfer of radiocesium from the feed into the meat
of broiler chickens after long-term administration is
comparable with the results published by Andersson
et al. (1990), Voigt et al. (1993) and Poschl et al. (1997).
The dynamics of activity concentrations copies the typi-
cal theoretical curve for contamination and decontami-
nation of meat (Hove, 1993) and is also similar to the
characteristic decrease in the values in the decontamina-
tion period.

It is not clear why the activity concentration on the
11" day decreases, but it may be connected with tissue
turnover rates or radical changes in the digestion process
and metabolism of the broiler chicken (e.g. Tylecek et al.,
1963; Zelenka, 1973), the result being a considerable in-
crease in the meat, typical of these animals. This is prob-
ably why the reduction effect of F-A-T (particularly in
thigh meat, i.e. 1.08) is lower on the 11™ day after the
beginning of radiocaesium application than on the 4*
and the 7" day. After long—term administrations of '’Cs
the radiocaesium uptake was lower when F-A-T was used
(reduction factors 1.08-1.18) than when RADEKONT
was added to the feed (reduction factors 1.25-1.54) in
our earlier experiments (Poschl a Balas, 1999). The effect
of F-A-T comes close to the effect of clay minerals, e.g.
in chickens (Andersson et al., 1990) and pigs (Mima, 1970;
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Giese, 1989), but is markedly lower than the effect of
hexacyanoferrate derivates in farm animals (reviewed by
Voigt, 1993), especially in hens (Voigt et al., 1993) where
the reduction coefficient reached the value of 99.5
(breast meat).

F-A-T was more effective after a single application of
radiocaesium than after long-term application. It is prob-
ably connected with a much higher transfer of *’Cs from
feed to meat after repeated application of radiocaesium.
Therefore the administration rates of F-A-T in the case
of long-term administration of *’Cs may have to be en-
hanced over the currently recommended ones.

The finding that the biological half-lives of *'Cs were
shorter in thigh meat corresponds with our earlier con-
clusions (Pdschl a Balas, 1999). The fact that F-A-T de-
creased the half-lives by only 5 hours suggested that this
additive probably affected the excretion of radiocaesium
from the body insignificantly.

The previously published differences in radiocaesium
transfer into the different types of skeletal muscles (Ek-
man, 1961; Johnson ef al., 1969; Andersson and Hansson,
1989; Andersson et al., 1990; Poschl et al., 1997) were
also found in the present study. These differences did
not affect the reduction effects of F-A-T.]

Man consumes relatively large amounts of chicken
meat, and poultry accumulate a high fraction of the in-
gested "’Cs per kg meat compared with other farm ani-
mals. For broiler chickens only a limited number of
effective countermeasures reducing the uptake of *'Cs
is known. In addition to the capacity of FIX-A-TOX
(F-A-T) to bind mycotoxins in pigs and poultry, it was
also found to reduce the uptake of radiocaesium (**’Cs)
into the meat of broiler chickens. At the given dosage
(i.e., 0.1% of the weight of the feed) the reduction factor
for breast and thigh meat reached up to 1.33. Therefore,
it can be recommended as an alternative chemical coun-
termeasure after a major radioecological accident, al-
though administration rates may have to be enhanced
over those currently recommended.
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OBSAH NIEKTORYCH MIKROELEMENTOV V KRMNYCH
DAVKACH PRE FARMOVE NORKY (MUSTELA VISON)

CONTENTS OF SOME MICRO-ELEMENTS IN DIETS FOR FARM MINKS
(MUSTELA VISON)

D. Mertin', K. Siivegova', M. Polatikova', P. FPak', I. Totka®

;Research Institute of Animal Production, Nitra, Slovak Republic
Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: The experiment objective was to study contents of some micro-elements (Fe, Zn, Cu, Mn, Pb, Cd, Co, Cr)
in diets for minks. Four diets were analyzed consisting of identical feed ingredients (poultry heads, beef, fish waste —
herrings, NOR II - groats mixture, milk powder) but with different formulation of these ingredients. Diets had increasing
proportions of secondary raw materials from poultry processing, and a decreasing beef proportion. Atom absorption
spectral photometry on a UNICAM 939 instrument was used to determine micro-element contents. Experimental data
were statistically processed. Mean values indicate the highest contents of Fe (591.38 + 60.19 mg/kg dry matter) and Zn
(186.64 + 21.53) and the lowest content of Cd (0.0099 + 0.0035). It is possible to state on the basis of the results that
there were no statistically significant differences in the contents of the micro-elements except Pb and Mn between the
diets with different feed proportions but balanced in accordance with physiological needs of farm minks. The results in-
dicate sufficiently high proportions of most micro-elements in mink diets except manganese: its deficit is increasing in
diets with higher proportions of secondary raw materials from poultry processing, so it should be supplied to diets at
a sufficient amount. Dietary lead content increased proportionately to the quantity of poultry waste while cadmium con-
tent increased in diets containing mainly beef. These elements can cause health or reproduction disorders in animals
chronically receiving their higher contents.

Keywords: mink; diets; contents of Fe, Zn, Cu, Mn, Pb, Cd, Co, Cr

ABSTRAKT: Ciel'om experimentu bolo $tidium obsahu vybranych mikroelementov (Fe, Zn, Cu, Mn, Pb, Cd, Co, Cr)
v kimnych dévkach pre norky. Analyzovali sme 3tyri kimne davky, v ktorych boli pouzivané rovnaké krmiva (hydinové
hlavy, hovidzie miso, rybi odpad — slede, NOR II — zmes 3rotov, su§ené mlieko), av3ak pri réznom mnoZstve v kimnych
davkach. Kirmne davky boli charakteristické zvySujicim sa podielom sekundarnych surovin pri spracovani hydiny a naopak,
znizujicim sa podielom hovidzieho mésa. Koncentraciu sledovanych mikroelementov sme stanovovali metédou atomo-
vej absorpcnej spektralnej fotometrie na pristroji UNICAM 939. Ziskané vysledky sme Statisticky vyhodnotili. V priemere
najvyssia koncentracia bola Fe (591,38 + 60,19 mg/kg susiny) a Zn (186,64 + 21,53) a najniz8ia Cd (0,0099 + 0,0035).
Na zéklade ziskanych vysledkov méZeme kon3tatovat’, Ze medzi jednotlivymi kfmnymi ddvkami s réznym zastipenim
krmiv, ale vyvaZenych podla fyziologickych potrieb farmovych noriek, neboli 3tatisticky vyznamné rozdiely v obsahu
sledovanych minerdlnych latok, s vynimkou Pb a Mn. Z vysledkov vyplyva, Ze v kimnych dévkach noriek je vd&$ina sle-
dovanych minerdlnych prvkov zastipend v dostatoénom mnoZstve, s vynimkou manganu, ktorého nedostatok je zre-
tel'nejsi v kimnych déavkach s vy$§im podielom sekundarnych surovin zo spracovania hydiny a je potrebné zabezpedit
jeho dodatoény privod do krmiva. Obsah olova v kimnych ddvkach stipal umerne so zvySenym skrmovanim hydinového
odpadu, kym obsah kadmia sa zvySoval v kimnych ddvkach zvierat kfmenych prevazne hovidzim masom. Uvedené prvky
moZzu byt pri¢inou poruch zdravia alebo reprodukcie zvierat pri chronickom skrmovani ich vy3sich davok.

Khidova slova: norka; kimne davky; obsah Fe, Zn, Cu, Mn, Pb, Cd, Co, Cr

UvoD Obsah mineralnych latok je jednym z délezitych
ukazovatel'ov hodnoty kimnej davky zvierat. Mineralne

Ciel'om prace bolo stanovit’ obsah vybranych minerdl- latky maji v tele zvierat mnohotvarne funkcie, ktoré sa
nych latok — Fe, Zn, Cu, Mn, Pb, Cd, Co, Cr, v kimnych  pevne viaZu na ich formu a stav. Zakladné funkcie su:
davkach noriek pouZivanych v podmienkach sloven- ucast’ na stavbe opornych tkaniv organizmu, udrZovanie
skych fariem. homeostdzy vnutorného prostredia, udrzovanie rovno-
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véhy bunkovych membran, aktivacia biochemickych
reakcii pdsobenim na enzymatické systémy, priamy
alebo nepriamy vplyv na funkciu endokrinnych Zliaz,
pdsobenie na symbiotickii mikrofléru traviaceho aparétu
(Georgievskij et al., 1982). Fyziologické u¢inky
kazdého esencidlneho mineralneho prvku zavisia od
mnoZstva, ktoré sa prijme. Existuje urdity rozsah, tzv.
bezpe&ny a adekvatny rozsah, zaistujici optiméalnu
funkciu prvku. Pri prijme vyrazne niZSom sa objavuji
znamky deficitu, ak prijem presahuje bezpeény a adekvat-
ny rozsah, za&inaju sa objavovat’ znamky toxicity (Kvas-
ni¢kové, 1998). Poznanim a zabezpe&enim poZiadaviek
zvierat na mineralnu vyZivu sa predchddza porucham
latkového metabolizmu, ktoré sa v si&asnosti az 90 %
podiel'aji na chorobnosti zvierat (Vrzgula et al., 1982),
pri¢om poruchy z nedostatku mineralnych latok sa
v siéasnosti objavuju ovela CastejSie ako poruchy
z nedostatku inych Zivin (Malik ez al., 1984). Naopak
prekrocenie uréitej hranice koncentracie niektorych
prvkov (Sr, Cd, Pb, Hg, Ag) modze spbsobit’ depresiu
produkcie a poriuch litkovej premeny alebo vyvolat
toxikozy (Sommer et al., 1985).

Potrebu minerédlnych latok pre koZusinové zvierata,
ako ju uvadzaju Kangas (1978), Pereldik et al. (1987),
je nevyhnutné zabezpedit zvieratim v optimalnom
mnoZstve, priom je potrebné brat’ do vahy aj formu
a interakcie medzi jednotlivymi mineralnymi prvkami
v krmive (Slawon, 1987; Anke et al., 1993; Giirtler a Anke,
1993). Wiesemiiller a Leibetseder (1993) konStatuju, ze
potreba minerélnych latok u noriek dosial’ nie je dostato¢-

ne preskimand. Predpokladé sa, Ze kfmne davky obsahujii
dostatok mineralnych latok, aviak za uréitych podmie-
nok méze byt zisteny nedostatok predovsetkym Cu a Fe.

Pre kimenie mésozZravych kozusinovych zvierat sa
v naSich podmienkach obycajne pouzivaju niektoré
druhy nativnych krmiv Zivoc¢iSneho povodu. Mineralne
zlozenie krmiv pouzivanych pre norky (kuracieho misa,
sekundarnych surovin z porazok hydiny, hovddzieho
masa, hovddzich pluc, hovidzej mlie¢nej zl'azy, hovid-
zich odrezkov, kralicej pecene a zmesi Mésomix) sledo-
vali Mertin et al. (1995). Sokol et al. (1998a) v prehl'ade
o vyskyte kadmia v potravinach a krmivach na Sloven-
sku uvédzaji, Ze jeho hladiny v surovinach zivo¢isneho
p6vodu nie su vysoké, z krmiv pridavanych do kimnych
davok noriek vysSie hodnoty boli zistené v hovadzich
obli¢kach, pe€eni a v minerdlnych doplnkoch pre zvie-
ratd. Anke et al. (1994) sa zaoberali vyskumom obsahu

. kadmia v hydinovom mése, v hovddzom madse, v ho-
védzej peceni a v hovédzej oblicke. Podl'a Sokola et al.
(1998b) sa hladiny kadmia v krmivéch v jednotlivych
krajindch lisia.

Obsah minerdlnych prvkov v kimnych davkach
pouzivanych v oblasti Skandinavie skimali Kangas
(1974, 1978), Nielsen (1975), Hansen (1986), Tyopponen
et al. (1988), Vejgaard a Lohi (1988), Lohi a Jensen
(1991). Z ich vyskumov vyplyva, Ze v obsahu mineral-
nych latok v kfimnych davkach noriek je znaéna variabilita
v zavislosti od oblasti. Pingel er al. (1992) uvadzaju
obsah zinku v kfmnych davkach noriek 124 mg/kg susi-
ny pre rastice norky a 80 mg/kg susiny pre chovné norky.

Tab. 1. ZloZenie kimnych divok pre norky ~ Formulation of diets for minks

Kfmna dévka"

Krmivo'(g/ks/d)

Ay Ay A Ay
Hydinovy odpad — hlavy? 36,0 60,0 81,0 105,0
Hovidzie miso® 96,0 81,0 75,0 60,0
Rybi odpad (slede)* 15,0 15,0 45 24
NOR II 18,0 18,0 18,0 18,0
Susené mlieko® 30 3,0 24 -
Spolu® 168,0 177,0 180,9 1854
Chemické, zloZenie (%)’
Sugina® 31,65 33,41 37,34 38,04t
Voda® 68,35 66,59 62,66 61,96
N-latky (N x6,25)"° 14,44 13,61 14,60 12,93
Tuk " 6,75 9,64 11,63 14,94
BNLV''A 6,50 6,10 6,67 5,85t
Popol ? 3,96 4,06 444 431

NOR II = komer¢&ne vyriband zmes Srotov pre misoZravé koZudinové zvieratd (PNZP Galanta) — NOR II — a commercial mixture of groats for

camivorous fur-bearing animals (PNZP Galanta)

zloZenie (%): suené odtuénené mlicko 4, kvasnice melasové 9, extrahovany 3rot séjovy 5, kukurica 20, p¥enica 20, jatmeft 23, ovos 16,
minerdlny doplnok MD NORVIT 3 - composition (%): skim milk powder 4, molasses yeast 9, soybean meal 5, corn 20, wheat 20, barley 23,

oats 16, mineral supplement MD NORVIT 3

' feed ingredient (g/animal/d), *poultry waste - heads, *beef, “fish waste — herrings, *milk powder, %total, "chemical composition (%), * dry matter,

*water, '°proteins (Nx6.25), ''fat, '"*nitrogen free extract, %ash, “*diet
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MATERIAL A METODA

Analyzovali sme $tyri kimne davky, v ktorych boli
pouzivané rovnaké krmiva, (hydinové hlavy, hovidzie
maso, rybi odpad — slede, NOR II — zmes §rotov, suSené
mlieko), av§ak pri roznom mnoZstve v kimnych dav-
kach.

Kifmne davky st uvedené v tab. 1. Nutri¢nad hodnota
kfmnych davok (tab. 2) koreSpondovala s normou, ktorit

Tab. 2. Nutri¢ni hodnota kimnych ddvok pre norky — Nutritive values
of diets for minks

Ukazovatel" A Az As Ay
ME (kJ/ks/d) 125939 | 127559 |1281,35 (128965
SNL (g/ks/d) 24,96 25,05 24,90 25,29
ST (g/ks/d) 15,03 15,39 15,69 15,90
SBNLYV (g/ks/d) 12,00 12,03 11,85 11,43

ME = metabolizovatel'na energia — metabolizable energy

MEgqy = (18,81x SNL) + (38,87 x ST) + (17,14 x SBNLV) - (18.81 x DP)
+ (38.87 x DF) + (17.14 x DNFE) (Pereldik et al., 1987)

SNL = stravitelné dusikaté latky — digestible proteins (DP)

ST = strévitel'né tuky — digestible fats (DF)

SBNLYV = straviteI'né bezdusikaté latky vyt'azkové — digestible nitrogen
free extract (DNFE)

'parameter

uvadzaju Mertin et al. (1994). Pouzili sme asi 100 kg
zhomogenizovanej zmesi z kazdého druhu kfmnej davky.
Z pripravenych kfmnych davok sme odobrali z kazdej tri
priemerné vzorky o hmotnosti 200 g. Zo zhomogenizo-
vanych priemernych vzoriek sme odvézili 1 g do plati-
novej misky a nechali spalovat’ v muflovej peci pri
teplote 550 °C v priebehu Siestich hodin. Ziskany popol
sme zaliali 10 ml HCI 1 : 3 a nechali odparit’ na piesko-
vom kupeli. Po odpareni sme opét’ zaliali 10 ml HCI
a previedli do 100ml odmernej banky. Zo ziskaného
mineralizitu boli spektrofotometrickym pristrojom

UNICAM 939 analyzované Fe, Mn, Zn a Cu. Priprava
vzoriek na spektrofotometrické stanovenie Co, Pb, Cd
a Cr bola nasledovnd: Zo zmrazenej vzorky kfmnej
davky bolo navédZené paralelne 0,5 g do teflénovych
nadobiek. Mineralizdcia bola vykonand v uzavretom
systéme za zvySeného tlaku. Mineralizt bol preneseny
pomocou deionizovanej vody do 25ml odmeriek. V tomto
mineralizite boli stanovené jednotlivé prvky. Z kazdej
vzorky kimnej davky (A, aZ A,) boli urobené dve prie-
merné merania (4 X 2 = 8 n).

V pokusoch boli sledované kimne davky pre norky
pouZivané v Slovenskej republike. Zostavené boli z do-
stupnych surovin podl'a si¢asnej normy (Mertin et al.,
1994). Kfmne davky oznadené ako A,, A,, A; a Ayboli
charakteristické zvy3ujicim sa podielom sekundérnych
surovin pri spracovani hydiny (21,4 %, 33,9 %, 44,8 %
a 56,6 %) a naopak, zniZujiicim sa podielom hovidzieho
misa (57,1 %, 45,8 %, 41,5 % a 32,4 %). Obsah dusika-
tych latok a tukov v kimnych dévkach je vyvazeny aj
obsahom ryb, ktorych podiel tiez klesa (8,9 %, 8,4 %,
2,5%, 1,3 %).

Ziskané hodnoty koncentracie sledovanych mikro-
elementov sme $tatisticky vyhodnotili takto:

— stanovili sme zékladné variano-§tatistické charakte-

ristiky (%, s;),

— obsah v jednotlivych kfmnych davkach sme porovnali
pomocou jednofaktorovej analyzy rozptylu s pevnymi
efektmi.

VYSLEDKY A DISKUSIA

V tab. 3 st uvedené koncentracie sledovanych mikro-
elementov v mg/kg suSiny a obsah su$iny v testovanych
kifmnych davkach v %.

Priememy obsah susiny v kimnych davkach bol 35,11
+ 1,09 %. Preukazné rozdiely boli len medzi kimnou
davkou A a A, (P <0,05).

Tab. 3. Obsah mikroclementov (mg/kg sudiny) v kimnych ddvkach pre norky (n = 8) -~ Micro-element contents (mg/kg dry matter) in diets for

minks (n=8)
Susina’ Fe Zn Cu Mn
Kfmna dévka' = - = — =
X 53 x 3 x 3 X, 3 x S
A 31,65 0,52 745,00 43,80 234,08 42,23 30,87 3,76 34,01 0,18
Az 3341 1,92 688,85 29,05 226,20 40,40 2531 1,10 30,88 1,25
A3 37,34 0,82 558,45 129,35 163,30 23,50 33,00 8,65 22,81 3,04
Ay 38,04 0,54 373,23 12,83 122,99 24,41 28,59 042 14,82 0,28
Priemer” 35,11 1,09 591,38 60,19 186,64 21,53 2944 2,09 25,63 2,89
Pb Cd Co Cr

A 0,14 0,01 0,0215 0,0125 0,87 0,01 033 0,06

A; 0,16 0,04 0,0070 0,0030 1,40 0,38 0,96 0,68

Ay 0,22 0,02 0,0055 0,0005 0,62 0,14 0,27 0,03

As 0,34 0,04 0,0055 0,0015 0,61 0,04 0,31 0,03

Priemer 0,22 0,03 0,0099 0,0035 0,87 0,14 0,47 0,17

'diet, *mean, *dry matter
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Zo sledovanych prvkov bol v kimnych davkach naj-
vy3$3i obsah Zeleza (priemerny obsah 591,38 + 60,19).
Najvy33i obsah Zeleza bol v kimnej dévke A, (745,00 +
43,80) s najniz§im podielom hydinového odpadu a vy3-
$im obsahom hovédzieho mésa a ryb, najnizsi obsah Fe
bol v kimnej davke A4 (373,23 + 12,83), ale rozdiely
neboli signifikantné.

Priememy obsah zinku v sledovanych kimnych davkach
bol 186,64 + 21,53. Podobne ako u Zeleza, aj obsah Zn
bol najvy3si v kimnej davke A, (234,08 + 42,23) a naj-
niz8i v kimnej davke A, (122,99 + 24,41), pri¢om roz-
diely neboli preukazné.

Obsah medi v kimnych davkach len malo kolisal a zis-
tené rozdiely neboli preukazné. Priemerny obsah medi
bol 29,44 + 2,09. Najvyssi bol obsah v kimnej davke A,
(33,00 + 8,65), najnizi v kfmnej davke A, (25,31 £ 1,10).

Obsah mangénu v kfmnych dévkach signifikantne
klesal od kimnej davky A, (34,01 + 0,18) po kimnu
davku A, (14,82 + 0,28), tak ako sa zniZoval podiel hovid-
zieho mdsa a ryb a zvySoval podiel hydinového odpadu.
Preukazné rozdiely na hladine vyznamnosti P < 0,01
boli medzi kimnymi davkami A, : A;, A;: Aya A;: A
Priemerny obsah Mn bol 25,63 + 2,89.

Obsah olova mal v sledovanych kfmnych davkach
stipajucu tendenciu od kfmnej davky A, (0,14 + 0,01)
po A4 (0,34 £ 0,04), pric¢om medzi skupinami A, a A;bol
signifikantny rozdiel (P < 0,05). Priemerny obsah Pb bol
0,22 +0,03.

Naopak obsah kadmia v kimnych davkach mal len kle-
sajucu tendenciu od kimnej davky A, (0,0215 + 0,0125)
po kfmnu davku A4(0,0055 + 0,0015). Priemerny obsah
Cd bol 0,0099 + 0,0035.

Obsah kobaltu sa v sledovanych kfmnych dédvkach
len malo menil. Najvy33i obsah Co bol zisteny v kimnej
davke A, (1,40 + 0,38), najniz&i v A, (0,61 = 0,04).
Priemerny obsah Co bol 0,87 + 0,14.

Rozdiely v obsahu chrému v sledovanych kfmnych
davkach neboli vyznamné. Najvys8i obsah Cr bol
zisteny v kifmnej davke A, (0,96 + 0,68), najnizsi
v kifmnej davke A; (0,27 + 0,03). Priemerny obsah Cr
bol 0,47 +£0,17.

Pri porovnani s vysledkami, ktoré uverejnili Mertin et
al. (1995), udavajicimi obsah mineralnych latok v nie-
ktorych nativnych krmivach pre médsoZravé koZuSinové
zvieratd, je zrejmé, Ze napr. obsah Zn v kfmnych dav-
kach sa meni v zévislosti od zastipenia hovédzieho
mésa bohatého na zinok. V porovnani s udajmi autorov
Pingel et al. (1992), ktori uvadzaji obsah zinku v kim-
nych davkach noriek 124 mg/kg sudiny pre rastice norky
a 80 mg/kg suliny pre chovné norky, bol obsah Zn
v naSich kimnych davkach vy3§i (priemerny obsah
186,64 + 21,53 mg/kg suliny).

Obsah mineralnych latok v kfmnych davkach bol
ovplyvneny zastipenim jednotlivych krmiv, av8ak
preukazné rozdiely medzi kimnymi déavkami boli zistené
len v obsahu Mn a Pb (tab. 4).

Tab. 4. Jednofaktorové analyzy rozptylu obsahu mikroelementov v kimnych dévkach pre norky ~ One-factor analyses of variance for micro-

element contents in diets for minks

’ T Kfmne dévky Chyba pokusu* . 22
Zdroj premenlivosti A fi=3 ¢ fud Vyznamné porovnanie’
- MS 18,8920 2,4481 1:4*
Sudina
F 7,7169
F MS 54516,9962 9829,1228
e
F 5,5465
5 MS 5607,4339 2281,6044
F 24577
MS 21,6890 45,1469
Cu
F 0,4804
MS 148,4528 5,4346 1:3"
Mn F 27,3160 ) HoF i
2:4"
Ph MS 0,0164 0,0017 123"
F 9,7068
MS 0,0001 0,000
Cd :
F 1,4441
SM 0,2714 0,0811
Co
F 3,3464
c SM 0,2169 0,2309
r
F 0,9391

Foes(3,4)=6,591
Fopi (3.4) = 16,694

'source of variability, dry matter, *diets, *error, *significant comparisons
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Potreba niektorych mikroelementov v kimnych davkach
pre norky podl'a autorov Kangas (1978) a Pereldik ez al.
(1987) je (mg/100 g susiny krmiva):

Perel'dik et al. Kangas (1978)

(1987)
zelezo 8,80-7,90 20,62-26,88
med 0,45-0,60 0,82-1,39
zinok 5,90-6,60 5,13-6,90
mangén 4,00-4,40 3,50-4,77

V porovnani s uvedenou potrebou je mozné konstato-
vat, Ze priemerny obsah Fe, Cu a Zn v kimnych davkach
je ovela vy$si, ako je zakladna potreba, aviak obsah Mn
v kfmnych davkach je nedostatoény. Nedostatok Cu
a Fe, ako to uvadzaji Wiesemiiller a Leibetseder (1993),
by sa v naSich podmienkach chovu pri vyuzivani
dostupnych krmiv nemal vyskytovat. Na druhej strane,
uvedenym spdsobom kimenia nie je zabezpeceny norkdm
dostatoény privod mangénu, ¢o je potrebné riesit’ formou
minerdlneho doplnku do krmiva (2,5-3 mg/100 g suSiny
kfmnej davky). Nedostatok manganu méze byt jednou
z priin portch reprodukcie (znizené libido, odumieranie
a vstrebavanie embryi), u mlad’at spdsobuje zaostévanie
v raste, deformity vo vyvoji kostry, pripadne nervové
poruchy (Georgievskij et al., 1982; Vrzgula a kol., 1982).

Rizikovym faktorom v na§om chove noriek méze byt’
vysoky obsah olova v kimnych davkach s vy$§im zastu-
penim sekundarych surovin z hydinarskeho priemyslu,
nakol’ko tieto krmiva s zédkladnym zdrojom krmovino-
vej zakladne pre chov noriek na Slovensku. Poskodenie
zdravia zvierat nastava po chronickej zat'azi organizmu
olovom. Dosial’ nie je dostatocne preskiimané, aké mnoz-
stvo olova v kimnej davke a za aké obdobie méZe byt
pre norky nebezpe&né, aviak pri zostavovani kfmnych
davok je potrebné brat’ do uivahy i obsah t'azkych kovov
v niektorych typoch kfmnych davok.

ZAVER

Na zdklade sledovania obsahu vybranych mineral-
nych latok (Fe, Zn, Cu, Mn, Pb, Cd, Co, a Cr) v §tyroch
typoch kfimnych davok pre norky, bezne pouzivanych vo
farmach v Slovenskej republike, moZeme konstatovat’,
Ze medzi jednotlivymi kfmnymi davkami s réznym
zastipenim krmiv, ale vyvaZzenych podl'a fyziologickych
potrieb farmovych noriek, neboli §tatisticky vyznamné
rozdiely v obsahu sledovanych mineralnych latok, s vy-
nimkou Pb a Mn. Z vysledkov vyplyva, Ze v kimnych
dévkach noriek je vdcSina sledovanych mineralnych
prvkov zastipena v dostato¢nom mnozstve, s vynimkou
mangénu, ktorého nedostatok je zretelnejsi v kimnych
davkach s vy$8im podielom sekundarnych surovin zo
spracovania hydiny a je potrebné zabezpedit’ jeho doda-
to¢ny privod do krmiva (v mnozstve 2,5-3 mg na 100 g
sufiny kfmnej davky).
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Je potrebné tieZ mat’ na zreteli, Ze obsah olova v kfm-
nych dévkach stiipal imerne so zvy$enym skrmovanim
hydinového odpadu, kym obsah kadmia sa zvy3oval
v kimnych davkach zvierat kfimenych prevazne hovid-
zim mésom. Uvedené prvky mézu byt pri€inou poriich
zdravia alebo reprodukcie zvierat pri chronickom skrmo-
vani ich vy$8ich davok, &o je potrebné brat’ do ivahy pri
zostavovani planu kfmenia.
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CONTROL OF THE HOUSEFLIES (MUSCA DOMESTICA) USING
THE INSECT GROWTH REGULATOR - DIFLUBENZURON

OCHRANA PRED MUCHAMI (MUSCA DOMESTICA) POUZITIM
RASTOVEHO REGULATORA HMYZU — DIFLUBENZURONU

A. Koéi§ovél, J. Venglovskyz, L. Para' , M. Petrovsk)"2

]University of Veterinary Medicine, Department of Animal Hygiene, KoSice, Slovak Republic
Reserch Institute of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Insecticidal effects of diflubenzuron in Dimilin 25 WP on the house fly, particularly on its individual de-
velopmental stages, were verified under laboratory conditions and in a pig delivery room and a calf house. Individual
tests were carried out on eggs, 1%-, 2*- and 3"-instar larvae, pupae and adult flies. The preparation was applied in three
different ways, namely by adding to the diet for adults, to rearing substrate for larvae and topically to pupae. The per-
centage of live adults, hatched after the application into rearing media, is closely connected to the developmental stages
of fly larvae and ability to accept the preparation through feed. The overall percentage hatchability ranged from 0 to 3.1.
The topical application to 3™-instar larvae and pupae resulted in 3-5-fold increase in the hatchability of flies in depen-
dence on the developmental stage in which the preparation was applied. The larvicidal effectiveness in field tests was in
the range of 76-92 %. The results obtained in field experiments allow us to state that the preparation Dimilin 25 WP
caused all-season suppression of fly populations in comparison with insect control preparations to which a resistance has
developed in the respective population of flies. Its use can help to resolve to a great extent the problem of resistance of
flies to conventional insecticides, which has become a crucial issue of the present day.

Keywords: Musca domestica; diflubenzuron; IGRs; animal houses; effectiveness

ABSTRAKT: Insekticidny uéinok diflubenzuronu v pripravku Dimilin 25 WP na muchu domécu bol sledovany na jed-
notlivych vyvojovych Stadidch, ako aj na dospelych muchéch v laboratérnych i praktickych podmienkach chovu hos-
podérskych zvierat. Jednotlivé testy boli robené na vaji¢kach, larvich 1., 2. a 3. §tadia, kukldch a dospelych muchéach.
Pripravok bol aplikovany priamo do kultivaéného média lariev, topikalne na povrch lariev a kukiel, a pridanim do kfmnej
davky dospelych much. V pripade aplikacie do kultivaéného média bolo celkové percento liahnivosti much v rozsahu od
0 do 3,1. Po topikalnej aplikécii sa liahnivost’ zvySila 3—-Snasobne v zavislosti od vyvojového Stadia na ktoré pripravok
posobil. Larvicidna u¢innost’ v praktickych testoch sa pohybovala od 76 do 92 %, ¢im sa dosiahlo dostato¢né celo-
sezoOnne zniZenie pocetnosti musich populacii v porovnani s kontrolnymi prevadzkami.

KPidové slova: mucha doméca; diflubenzuron; IGR; mastalné prostredie; u€innost’

INTRODUCTION the exclusion of the preparation from the insect control pro-

gramme and its replacement by an alternative substance

The housefly, Musca domestica (L.), is one of the most
important pests of humans and livestock because of its role
in the mechanical transmission of certain pathogens and
its behavioural traits. Application of chemical insecticides
represents the most common tactic for effective control.
The majority of presently used insecticides puts a load on
the environment resulting in reducing the populations of
natural predators, bees, fish, birds, and free living animals
(Kosuth, 1993; Kottferova et al., 1996; Topordak et al.,
1999). Their repeated use leads to the development of re-
sistance to organophosphorus, carbamate and pyrethroid
insecticides (KociSova and Para, 1998). The simplest and
most effective way of resolving the problem of resistance is
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to which the resistance has not developed and which has
no cross-resistance potential. However, the development
of preparations based on new active ingredients is very
long and costly. Therefore an effort has been put to the de-
velopment of optimum forms of integrated control of flies,
i.e., to reaching the best possible insect control effect at
lowest possible costs and low load on the environment
using a combination of the highest possible number of pre-
parations (Roush, 1989). A more effective strategy could
be to use, in combination, a toxic fly bait or pyrethrin
based aerosol to reduce quickly the number of housefly
adults and a larvicide applied to manure to prevent any
eggs laid to reach maturity (Ko¢isova ez al., 1999).
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Much attention has been focused on synthetic insect
growth regulators (IGRs). They were first synthesised in
the late 1960’s, even before synthetic pyrethroides. Two
types of IGRs have been commercialised, both disrupting
the growth and development of insects, but in com-
pletely different ways. Firstly, the chitin synthesis inhibi-
tors which belong to benzoyl ureas, and secondly, the
juvenile hormone analogues (JHA’s or juvenoids), com-
pletely specific to insects despite similar modes of action.
One of such compounds diflubenzuron belonging to
IGRs, inhibits the synthesis of chitin and causes abnor-
mal endocuticular deposition leading to abortive moulting
(Wright, 1974). The biochemical principle of the diflu-
benzuron effect is in disturbing the final stage of chitin
synthesis, especially the x-acetylglucosamine polymer-
ization (Staal, 1975).

In the present study, we describe the effectiveness of
the preparation Dimilin 25 WP based on diflubenzuron,
on house fly under laboratory and field conditions.

MATERIAL AND METHODS
Insect

House-flies (Musca domestica L.) — sensitive strain
SRS/WHO (University of Pavia, Italy), reared in an insec-
tary at the University of Veterinary Medicine in KoSice,
free of any contact with insecticides. A wild population
of houseflies, marked RE, was captured on a pig farm in
the district KoSice-suburbs. The tests were carried out
on eggs (12-hour lay), 1, 2*- and 3"-instar larvae, white
and dark pupae and also on adult flies of the strain SRS/
WHO and the wild population RE. Flies were reared un-
der laboratory conditions at 26—28 °C and relative atmo-
spheric humidity 40-60%. The larvae and adults were
reared on standard substrates (Rupes and Rettich, 1998).

Preparation

DIMILIN 25 WP - spray insecticidal preparation pro-
duced in the form of wettable powder (WP) with 25%
active ingredient (a.i.) of diflubenzuron. It is intended
exclusively for professional use to protect agricultural
crops against animal pests and flies in animal production
housings. The preparation doses applied in laboratory
and field tests were based on the selected dose of 24 g/m?,
i.e.,, 0.5-1 g of active ingredient per m”.

Laboratory tests

Application of Dimilin 25 WP into the rearing substrate.
House fly larvae were kept in a medium prepared from
agar (20 g), dried milk (100 g), yeast (100 g) and water
(1 000 ml). Fifty ml of rearing substrate was transferred
to plastic containers and let to solidify. Thirty minutes
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prior to the test, the substrate was mixed with the tested
preparation investigated at the selected basic dose recal-
culated per quantity of rearing substrate (0.5-1 g of a.i.
per m?). Fly eggs (12 h lay) or larvae (1*instar larvae —
1 day old; 2™ instar larvae — 2 days old; 3 instar larvae
— 3-5 days old) were placed onto the substrate. The ef-
fectiveness was determined after 7-12 days. The number
of hatched adults present in the control were considered
to be 100% and the numbers of live adults hatched in in-
dividual containers were compared with the control value.
The results were presented as mean numbers of live adults
from five hatchings and the respective percentual pro-
portions of hatchability or mortality of adult flies.

Topical application — Dimilin 25 WP suspended and
dissolved in acetonitrile was applied in 1 pl volume to
3".instar larvae — 24 h before pupation, white and dark
pupae. Treated larvae and pupae were kept in plastic
containers with 30-mm layer of sawdust.

Feeding test with adult flies — Dimilin 25 WP was added
to the standard diet for adults. 1 g of Dimilin 25 WP was
mixed with 10 g of dried milk and glucose, and put to
the cage with flies (50 2 : 50 8 ). The oviposition medium
was placed on the bottom of plastic containers. All eggs
deposited from day 5 to 10 were collected, allowed to
hatch and develop on the larval medium. The number of
adults in the F, generation was counted. All experiments
were carried out at 22-26 °C, relative humidity 42-55%
and constant illumination 80 Ix.

Field tests

They were carried out in a pig delivery room and calf
house. The preparation was applied with a watering-can.
The solution for spraying was prepared by dissolving 80 g
of the preparation in 10 | of water. The quantity was suf-
ficient for the treatment of 20 m? of the surface. Diluted
preparation was used to treat the floor of the individual
pig and calf house as well as the area around the manure
containers. The abundance of flies in animal housing
and the effectiveness of Dimilin 25 WP were evaluated
by the method specified by the centre of veterinary sani-
tation institutes in Bratislava (Venglovsky, 1992). The
infestation with flies was determined by means of fly-
papers hanging along the diagonal axis of the house at
a 5-m distance and 1 m above the housed animals. It was
determined as a statistical mean of flies caught during
24 h on one flypaper. The preparation was applied from
May 4 to September 26, in 2-3week intervals. There
were no other insecticides used in the experimental and
control houses.

RESULTS
The effect on the eggs (Table 1) was strong and no

adults emerged after Dimilin 25 WP application in com-
parison with the control in which on average 73.8 or 75.8
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Table 1. The number of adults of F, generations hatching after the treatment of rearing substrate

SRS/WHO strain “RE” wild population
experiment experiment

Treatment DIMILIN 25 WP control DIMILIN 25 WP control

mean Sd mean Sd mean Sd mean Sd
Eggs 0 - 752 +4.2 0 - 73.8 +3.7
Lst instar larvae 0 - 824 +39 0 - 752 +35
2nd instar larvae 0 - 85.0 +29 0 - 824 +39
(33"‘;:;':;1‘;)’" * 0 5 86.0 26 0 " 852 24
?5“’ (;x:a;l':)”“ 24 +1.14 84.6 £33 26 227 834 4.4

flies were hatched, respectively. When using the basic dose
(2 g/m?) equal to 0.001 g of the preparation per 50 g of
rearing substrate under laboratory conditions, no pupae
developed. It was difficult to observe the influence on
larvae of the 1°- and 2™-instars because the larvae in the
stage following the shedding died and decomposed in
the substrate. Out of the total number of 100 applied lar-
vae only few larvae or pupae reached higher develop-
mental stages. The effect of the preparation on 3"-instar
larvae (Table 1), we observed as an increased number of
as larvoid as barrel-shaped pupae. However, in 5 days
old larvae per cent of hatchability was 2.4 for the strain
SRS/WHO and 2.6 for the wild population RE, in com-
parison with the control in which on average 84.6 or 83.4
flies were hatched, respectively. Morphologically many
larvae were elongated and dark, some acquired atypical
shapes with thickened central parts or spindle-shaped
endings, or some were unable to produce the typical barrel-
like shape.

The topical application of the preparation to 3“-instar
larvae 24 h before pupation resulted in increased hatching

of adults (Table 2), to 18.1% in the strain SRS/WHO or
24.2% in the RE population. The topical application of
the preparation to white or dark pupae did not reach the as-
sumed effect. The hatchability of white pupae ranged from
79.6 to 89.9% and that of dark pupae from 87.7 to 95.2%.

In the feeding tests (Table 3) diflubenzuron failed to
affect the egg production. Eggs laid within a 12h period
weighed from 1.39 to 1.52 g for experimental groups and
from 1.41 to 1.47 g for control groups. However, inter-
esting were the irreversible changes in hatchability be-
cause, in the experimental groups of flies, larvae of stages
1, 2 and 3 were observed only sporadically and only 7 or
12.8 flies on average were hatched. The development of
larvae in the control groups was normal and altogether
883 or 902.2 flies were hatched.

The results obtained in field conditions are illustrated
in Figs. 1 and 2, and indicate that a significant decrease
in the population of flies was observed approximately
one month after the initial application of the tested pre-
paration. After this time, another slight decrease was re-
corded and the population stabilised at the final level

Table 2. The number of adults of F; generations hatching after topical application

SRS/WHO strain “RE” wild population
Treatment DI:&XEII;J“;CSMWP control D&m‘;‘;ﬂ\l’w control
mean Sd mean Sd mean Sd mean Sd
3cd instar larvae — 24h before pupation 15.6 2.7 91.6 +2.0 20.0 +1.5 82.8 24
White pupae 824 +3.7 91.6 +2.1 72.6 +4.7 91.2 %13
Dark pupae 90.4 +2.1 95.0 +2.9 84.4 +3.0 96.2 22

Table 3. The influence of Dimilin 25 WP on adult flies, their egg production, hatchability and mortality after it was added to the standard diet

SRS/WHO strain “RE" wild population
DIVILIN 5 WP control DIVILIN 25 WP sowiil
mean Sd mean Sd mean Sd mean Sd
Mortality of adult flies 94 =1.5 8 +3.3 10.4 +2.2 9 +1.5
Weight of eggs (12 h period) 1.39 +0.2 1.41 0.1 1.52 +0.14 1.47 +0.1
Number of hatched adults 7 29 883 +31.7 128 2.6 909.2 9.0
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Fig. 1. The effect of diflubenzuron (Dimilin 25 WP) on the abundance of flies in pig delivery room
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Fig. 2. The effect of diflubenzuron (Dimilin 25 WP) on the abundance of flies in calf house

without any larger variations (Fig. 1). The effectiveness number of flies per flypaper trap in the experimental
of the preparation in the pig delivery room was 92%. In  house was 13, ranging from 0 to 55, while in the control
the course of calf house experiment (Fig. 2), the initial  the mean number was 53 flies in the range from 24 to 65.
mean number of flies was decreased by two thirds. During ~ We recorded a 76% decrease in the number of flies in
the 18-week experiment (May—-September), the mean  this experiment in comparison with the control house.
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DISCUSSION

Diflubenzuron belongs to typical stomach poisons
which negatively influence the production of chitin. The
formation of insect cuticle, in which chitin and glu-
cosamine are involved, is catalysed by the enzyme chitin-
UDP-N-acetyl-glucosaminyl-transferase (Staal, 1975).
The synthetic substance diflubenzuron increases the ac-
tivity of the enzyme mentioned, so inhibiting the produc-
tion and storage of chitin in the cuticle. Housefly larvae
pass three larval instars separated by moulting. In the
third and final stage, larvae migrate from the wet and
warm environment to colder and drier places where barrel-
shaped puparia develop from the hardened pigmented
skin. They are white at first and turn brown and hard
within 24 h. Our results indicate that diflubenzuron, de-
pending on the way and time of application, can influ-
ence the development and reproduction in flies in the
following characteristic ways: Larvae of the 1* and 2" in-
star are unable to moult into the next instar, larvae of the
3" instar do not form puparia. In the early larval stages,
i.e., stages | and 2, characterised by intensive acceptance
of feed, hatching of live adults was interrupted and no
adults emerged. Younger 3"-instar larvae exhibited
hatchability 2.4-2.6%.

Therefore the oldest 3“-instar larvae accept feed for
only a part of their life. In the period before pupation as
well as during pupation the effectiveness of the prepara-
tion Dimilin 25 WP was lower than that observed in
early larval instars. Mortality ranged from 4.8 to 81.9%
for the strain SRS/WHO and from 12.3 to 75.8% for the
wild population RE. However, contrary to Wright (1974),
who observed complete ineffectiveness of diflubenzuron
in his experiments with its topical application, our ex-
periments with application of higher doses of the prepa-
ration revealed almost 50% mortality. The results allow
us to assume that the ability of the active ingredient in
Dimilin 25 WP to penetrate into the pupa is decreased.

Miller (1974) first described the activity of difluben-
zuron in the housefly. Later on, Miller et al. (1990, 1991)
and Cilek and Knapp (1991) investigated the effect of
diflubenzuron on the control of developmental stages of
flies in the manure of grazing and lactating cows. Ani-
mals accepted diflubenzuron in feed and no unfavour-
able effects on production of milk or its qualitative
properties were observed. The development of resistance
to this substance has not been detected yet (Farkas and
Pap, 1991). A risk of its development, pointed by Keiding
et al. (1992) and Sheppard et al. (1992), exists mainly as
a result of intensive and long-term selection pressure
supported by both the multiplication treatment of loca-
tions and feeding diflubenzuron to animals.

Diflubenzuron applied at the manufacturer’s recom-

mended deposit rates was effective in controlling the
housefly populations. It was a positive finding because
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the fly populations were resistant to a number of con-
ventional insecticides; larvicides are likely to become in-
creasingly important in control regimes. Dimilin 25 WP
worked very well and is therefore a good candidate for
supplementing traditional insecticide treatments in pig
and calf units.
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Zména publikacniho jazyka
ve védeckych &asopisech CAZV

Predsednictvo Ceské akademie zemédé&lskych véd pfijalo na zasedani dne 6. 4. 2000 usneseni, kde
mj. doporu¢uje zménu publika&niho jazyka ve védeckych asopisech vydavanych pod gesci CAZV.
Piedsednictvo navrhuje Vydavatelské radé CAZV zavést angliétinu jako jediny jazyk ve viech védec-
kych casopisech od 1. 1. 2001. Redakce ¢asopisu Czech Journal of Animal Science piijimé od 1. 7. 2000
piispévky psané pouze v angliétiné.

A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

At its session on the 6™ April 2000, the Presidium of the Czech Academy of Agricultural Sciences
adopted a resolution recommending, among other things, to change the publication language in
scientific journals published under the Academy patronage. The Presidium proposes to the Publish-
ing Board of the Academy to introduce English as the only language in all scientific journals from
the 1* January 2001. The papers written exclusively in English are accepted by the editor’s office of
the Czech Journal of Animal Science from the 1¢ July 2000.
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