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ZMENY HODNOT TELESNYCH ROZMERU JAKO
UKAZATELU RUSTU BYCKU A JALOVIC PLEMEN CESKE
STRAKATE A LIMOUSIN A JEJICH KRIZENCU"

VARIATIONS OF BODY MEASUREMENTS AS GROWTH INDICATORS
IN BULLOCKS AND HEIFERS OF CZECH PIED AND LIMOUSIN
BREEDS AND THEIR CROSSBREDS

V. Nova, F. Louda

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

ABSTRACT: Seventeen body measurements were investigated that characterize the growth and muscling of bullocks and
heifers of Czech Pied (C) and Limousin (Li) breeds and their crossbreds. Measurements were determined at the age of 120,
210 and 365 days. The data were statistically processed by a linear model of SAS statistic program. It was demonstrated for
most body measurements at the age of 120 days that the highest average values were recorded in bullocks and heifers of the
same genotype. Bullocks and heifers of Limousin breed had the highest average values of front and middle width of pelvis,
of front and rear width of loins measured with a pair of compasses and of front and rear width of loins measured with a tape.
Taped length of leg, girth of chest at sacrum, direct and taped body length, height at withers and at sacrum and diagonal
body length were highest in bullocks and heifers of C x Li crossbreds. The highest average values of rear width of pelvis,
half-circumference of thighs and girth of chest were determined in C x Li bullocks and Li heifers; C x Li bullocks and
C heifers had the largest metacarpal circumference. The lowest average values of all body measurements (except metacarpal
circumference) were determined in bullocks of C breed. Heifers had the lowest average values of most body measurements
in C breed, but the average values of direct, taped and diagonal body length and metacarpal circumference were lowest in Li
breed. Bullocks and heifers were found to have the highest average values for the same genotype at 210 days of age. All
body measurements determined on loins, taped leg length, girth of chest, girth of chest at sacrum, direct body length, taped
body length, height at withers and at sacrum, diagonal body length and metacarpal circumference were largest in bullocks
and heifers of C x Li crossbreds. The half-circumference of thighs in bullocks and heifers was largest in Li breed while the
taped length of leg had the same value in Li bullocks and C x Li bullocks. The highest average values of front and middle
width of pelvis were determined in C x Li bullocks and C heifers, the highest average value of rear width of pelvis was
recorded in C x Li bullocks and Li heifers. Li breed had the lowest average values of most body measurements in bullocks
and heifers. The circumference of thighs, taped length of leg and rear width of pelvis were smallest in bullocks and heifers
of C breed. Front width of loins measured with a pair of compasses was smallest in C bullocks and Li heifers. Bullocks and
heifers had the highest average values for different genotypes at 365 days of age. The highest average values of middle width
of pelvis, rear width of loins measured with a pair of compasses, taped length of leg, girth of chest, girth of chest at sacrum,
taped body length, height at withers and at sacrum, and diagonal body length were determined in C x Li bullocks and C heifers,
the highest average values of rear width of pelvis were found in Li bullocks and C heifers. Front width of pelvis, direct body
length and metacarpal circumference were largest in bullocks and heifers of C breed while front width of loins measured with
a pair of compasses, front and rear width of loins measured with a tape and half-circumference of thighs were largest in
C x Li bullocks and heifers. The lowest average values of most body measurements were determined in bullocks and heifers
of Li breed. Half-circumference of thighs was smallest in bullocks and heifers of C breed, rear width of pelvis was smallest
in C bullocks and Li heifers. The above results document heterosis effect at 120 and 210 days of age for the size of body
frame in crossbred bullocks and heifers. Heterosis effect at 365 days of age was obvious mainly in C x Li bullocks, but not
in C x Li heifers. It follows from statistical data processing that the highest growth rate was observed in crossbred bullocks
and heifers until 120 days of age. Li breed had the higher growth rate than C breed in that period. The highest growth rate
between 120 and 210 days of age was determined in crossbred bullocks and heifers. Li breed had the lowest growth rate of
bullocks and heifers at the age of 210 to 365 days if compared with Czech Pied cattle and crossbreds — the lowest values of
almost all body measurements were recorded in bullocks and heifers of Li breed. Only the half-circumference of thighs was
smallest in bullocks and heifers of Czech Pied breed. The highest growth rate at that period was determined in bullocks-cross-
breds and in heifers of C breed.

Keywords: beef cattle; crossbreds; growth; body measurements
* Préce byla feSena v rdmci grantového tikolu NAZV &. 7162 ve VUCHS v Rapoting.
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ABSTRAKT: Sledovali jsme 17 télesnych rozmérii charakterizujicich rist a osvaleni u by¢ku a jalovidek plemen Ceské
strakaté (C) a limousin (Li) a jejich kfiZencti (C x Li). Méfeni probihalo ve véku zvifat 120, 210 a 365 dni. Naméfené hodnoty
télesnych rozmérl byly statisticky vyhodnoceny linedrnim modelem statistického programu SAS. Bylo zji§téno, Ze ve véku
120 a 210 dni se u by&ku i jalovicek C x Li projevil heterozni efekt ve velikosti té€lesného rdmce. Ve v&ku 365 dni se tento
heterozni efekt projevil u by¢ka C x Li, ale jiZ ne u jalovi¢ek C x Li. Ve véku 365 dni dosahly nejvyssich praimérnych hodnot
u vetdiny t€lesnych rozméra jalovicky plemene C a byéci C x Li. Do véku 120 dni byla nejvyssi intenzita ristu zjiSt€na
u by¢ku i jalovi¢ek C x Li. V tomto obdobi vykazalo plemeno limousin vy33i intenzitu riistu neZ plemeno &eské strakaté. Ve
v&ku 120 dni dosdhla u bycku i u jalovicek vétSina télesnych rozméru vys$Sich hodnot u plemene Li neZ u plemene C.
Poloobvod stehen a vinuta délka kyty byly ve véku 120 dni nejmensi u bycki i jaloviéek plemene C. Ve véku 120 aZ 210 dni byla
nejvy3§i intenzita ristu zjidténa opét u kfiZencl obou pohlavi. V tomto obdobi byla u by&ku i jalovi¢ek vy33i intenzita ristu
délkovych télesnych rozmérl u plemene C neZ u plemene Li a ve véku 210 dni byly hodnoty vétSiny délkovych télesnych
rozmérd u by&k i u jalovi¢ek vy33i u plemene C neZ u plemene Li. Poloobvod stehen a vinutd délka kyty byly ve v&ku 210 dni
opét nejmensi u bycka i jaloviek plemene C. Od v&ku 210 dni do véku 365 dni vykazali by&ci i jalovicky plemene Li ve
srovnéni s plemenem C a s kfiZenci nejniZsi intenzitu rastu — u téméf viech sledovanych télesnych rozméra byly zjistény
u by¢&kd i u jalovi¢ek plemene Li nejniZ§i hodnoty. Pouze poloobvod stehen byl nejniZsi u bycka i jalovi¢ek plemene C. Od
véku 210 dni do 365 dni byla zji§téna nejvyssi intenzita ristu u by¢kl u kiiZencl a u jalovidek u &eského strakatého skotu.

Kli¢ova slova: masny skot; kiiZenci; rist; t&lesné rozméry

UvoD

Produkce masa je v podstaté funkci riistu a plodnos-
ti, proto se pozornost v celosvétovém méritku obraci
k procesum ristu (Pfibyl et al., 1984). Pribéh rustové
kiivky je zédvisly na plemeni a pohlavi.

Bartoii et al. (1996) porovnévali u plemen Ceské stra-
katé a Cernostrakaté vySku v kohoutku a v kfiZi, obvod
hrudi, $ifku hrudniku, délku panve, objem kyty, hloub-
ku hrudniku a $itkové rozméry panve. Ve véku 12 mé-
sici zjistili mezi obéma plemeny vétsi diference nez
pfed porazkou. Teslik et al. (1989) zjistovali u bycka
plemene &eské strakaté (C), herefordské (He) a jejich
kfizencu (C x He) té€sné pied porazkou sedm télesnych
rozméri. Uvadéji, Ze téméf vSechny télesné rozméry
vykazuji vyznamné rozdily mezi skupinou C na jedné
strané a skupinami He a C x He na stran€ druhé. Z udaju
usuzuji na vétsi podobnost stavby téla kiiZencu a bycka
He. Gilik a Pélenik (1985) méfili tésné pred pordZzkou
kfiZzence slovenského strakatého plemene se Ctyfmi spe-
cializovanymi masnymi plemeny skotu. Byci-kfiZenci
s plemenem Li patfili k nejdelSim, jalovice téhoZ geno-
typu naopak k nejkrat§im zvifatim — nejvét§i mezipoh-
lavni rozdily Cinily 9,7 %. Teslik et al. (1995) zjistili
u by¢kt C a u kiiZzenci s C x Li pfed pordZkou statis-
ticky vyznamné rozdily pouze ve vysce v kfizi. U jalo-
vic C x He zjistili nejmensi t€lesny rdmec. Teslik er al.
(1987) porovnavali na zékladé hodnot pred poraZkou
rist Ceského strakatého skotu a jeho kfiZenci s pleme-
nem Li. Mezi byky nezjistili u Zddného rozméru statis-
ticky vyznamné rozdily. Byci skupiny C x Li méli mensi
télesny rdmec. RovnéZ mezi jalovicemi nezaznamenali
statisticky vyznamné rozdily. Problematikou télesnych
rozméri u byfku Ceského strakatého plemene — jedi-
nacka i dvojcat ve véku 6 aZ 18 mésicu se zabyvali
Smerha a Louda (1976, 1977).

242

MATERIAL A METODA

Cilem sledovani bylo porovnat ve véku 120 aZ 365 dni
zmény hodnot télesnych rozméra jako ukazateld rustu
mezi bycky a jalovi¢kami plemen C a Li a jejich kfi-
Zenci a ovéfit hypotézu, zda se projevi heterozni efekt
ve velikosti télesného ramce u kiizencu C x Li.

Telata zatazena do pokusu byla rozdélena do Sesti
skupin podle genotypu a pohlavi takto:

Bycci: Li-22ks,C-32ks, C xLi-20ks
Jalovi¢ky: Li— 24 ks, C — 25 ks, C x Li — 21 ks

Rustova schopnost pokusnych zvifat byla zjistovana
ve véku 120, 210 a 365 dni vaZenim a méfenim 17 téles-
nych rozmért charakterizujicich masnou uZitkovost,
rist a vyvin.

Byly sledovany tyto rozméry: piedni Sitka panve,
stfedni §itka panve, zadni $ifka panve, pfedni §ifka be-
der méfena kruZzidlem, zadni Siftka beder méfena kru-
Zidlem, predni $itka beder méfena paskou, zadni $itka
beder méfend paskou, poloobvod stehen, vinutd délka
kyty, obvod hrudniku, kfiZovy obvod hrudniku, pfima
délka téla, vinuta délka téla, vy$ka v kohoutku, vyska
v kfizi, Sikma délka téla, obvod holené.

Naméfené hodnoty télesnych rozmért byly statistic-
ky vyhodnoceny ve statistickém programu SAS linear-
nim modelem podle rovnice:

Yj=W+PL;+ POH; + PLPOHU +e

kde: yjj ~ sledovany ukazatel
i - primér souboru
PL; — vliv i-tého genotypu, i=1, ..., 3
POH’- - vliv j-tého pohlavi, j =1, 2

PLPOH;; - interakce genotypu a pohlavi
e - reziduum

Porovnani hodnot télesnych rozméra bylo provede-
no ve véku 120, 210 a 365 dni zvlast u bycku a jalovi-

CZECH J. ANIM. SCIL, 44, 1999: 241-247



&ek jednotlivych genotypt pfi vyloudeni vlivu pohlavi
a genotypu. Rozdily mezi testovanymi skupinami byly
vyhodnoceny na hladinich pravdépodobnosti P < 0,05,
P < 0,01 aP <0,001.

VYSLEDKY A DISKUSE

Ve véku 120 dni byly u by¢ku (tab. I) zjistény sta-
tisticky vyznamné (P < 0,001) rozdily mezi C a Li
u stfedni Sitky panve, pfedni $ifky beder méfené kru-
Zidlem, poloobvodu stehen a vinuté délky kyty, mezi C
a C x Li u poloobvodu stehen, vinuté délky kyty, kii-
Zového obvodu hrudniku, pfimé délky t&la, vysky v ko-
houtku a Sikmé délky téla a na hladiné vyznamnosti
P < 0,01 rozdily mezi C a Li u zadni Sitky beder mé-
fené kruzidlem, kiiZového obvodu hrudniku, vysky
v kohoutku a vysky v kiiZi, mezi Li a C x Li u predni
§itky beder méfené kruzidlem, pfimé délky téla, Sikmé
délky téla a obvodu holené, mezi C a C x Li u zadni
§itky panve, obvodu hrudniku, vinuté délky téla a vys-
ky v kfizi. Na hladiné vyznamnosti P < 0,05 byly
u byckua zjistény rozdily mezi C a Li u pfedni a zadni
§itky panve, predni §itky beder méfené paskou a obvo-

du hrudniku a mezi C a C x Li u stfedni §ifky panve,
zadni 8ifky beder mé&fené kruZidlem a obvodu holené.

U jalovicek ve véku 120 dnu (tab. II) byly na hladiné
vyznamnosti P < 0,001 zji§tény rozdily mezi C a Li
u predni Sitky beder méfené kruZidlem a u poloobvodu
stehen, na hladiné vyznamnosti P < 0,01 mezi Li a C
x Li u predni Sitky beder méfené kruZidlem a na hladi-
n& vyznamnosti P < 0,05 mezi C a Li u stfedni a zadni
sitky panve, pfimé délky téla a obvodu holené, mezi Li
a C x Li u pfimé délky t€la a mezi C a C x Li u polo-
obvodu stehen.

Ve véku 210 dnt byly u bycka (tab. III) zjistény
statisticky vyznamné rozdily (P < 0,001) mezi C a Li
u piedni $itky panve a poloobvodu stehen, mezi Lia C
x Li u pfedni Sitky panve, obvodu hrudniku, kiiZového
obvodu hrudniku, pfimé délky téla, vySky v kohoutku
a v kiiZi a u $ikmé délky téla a mezi C a C x Li u polo-
obvodu stehen, kfiZového obvodu hrudniku a vysky
v kfizi, na hladiné vyznamnosti P < 0,01 mezi C a Li
u piimé délky téla, mezi Li a C x Li u zadni Sitky beder
meéfené kruzidlem, mezi C a C x Li u zadni Sitky pan-
ve, predni a zadni §itky beder méfené kruZidlem, obvo-
du hrudniku a vy$ky v kohoutku a na hladiné vyznam-

I. Zakladni statistické charakteristiky télesnych rozméri u bycku jednotlivych genotypt ve véku 120 dni - Basic statistical data on body
measurements in bullocks of the particular genotypes at 120 days of age

Byéci C'¥ n =32 Byéci Li'% n =22 Byéci Cx Li®n =20 Rel. HE

X (cm) 5 X (cm) £ X (cm) Sz %o
Predni §ifka panve' 28,4 ° 0,32 29,4 0,38 28,8 0,40 -
Sttedni §ifka panve? 33,6 **** 0,38 36,1 0,46 35,1 ¢ 0,49 -
Zadni §itka panve? 19,3 +* 0,34 20,7 0,41 21,0 ¢** 0,43 5,0
Pfedni §iika beder kruzidlem* 19,8 **** 0,29 22,0 0,35 20,5 0,36 -
Zadni §itka beder kruzidlem® 2358 0,32 24,9 0,38 24,5 ¢ 0,40 -
Predni §itka beder paskou® 28,0 ** 0,43 29,7 0,52 29,0 0,54 -
Zadni §ifka beder péskou7 31,5 0,43 32,6 0,52 32,5 0,54 -
Poloobvod stehen® 80,3 2" 1,06 89,4 1,28 90,7 <*** 1,34 6,9
Vinuta délka kyty” 127,9 ¢ 1,38 136,1 1,66 140,2 <*** 1,74 6,2
Obvod hrudniku'? 1251 % 1,32 130,1 1,59 131,8 <" 1,67 33
KiiZovy obvod hrudniku'' 136,7 *** 1,57 143,1 1,90 146,6 <*** 1,99 48
Pfim4 délka t&la'? 56,0 0,74 56,9 P** 0,90 60,9 <*** 0,94 79
Vinuta délka téla!? 122,5 1,16 124,9 1,40 127,7 <** 1,47 32
Vyska v kohoutku'* 95,4 *** 0,76 99,2 0,92 99,9 ¢*** 0,97 2,7
Vyska v kiizi!S 102,7 +** 0,80 106,9 0,97 107,0 «** 1,02 2,1
Sikma délka t&la'® 103,0 1,12 105,5 ** 1,35 110,7 ¢*** 1,42 6,2
Obvod holeng'? 16,2 0,21 157, 0,25 16,9 ¢* 0,26 6,0

Legenda k tabulkdm I-VI — Legend to Tables I-VI:

a — statistické rozdily mezi plemeny eské strakaté a limousin — statistical differences between Czech Pied cattle and Limousin breed
b — statistické rozdily mezi plemenem limousin a kfiZenci — statistical differences between Limousin breed and crossbreeds

¢ — statistické rozdily mezi ¢eskym strakatym plemenem a kfiZenci — statistical differences between Czech Pied cattle and crossbreeds
Rel. HE - relativni heterozni efekt v % — relative heterosis effect in %

C = Ceské strakaté plemeno — Czech Pied breed, Li = plemeno limousin — Limousin breed, C x Li = kiiZenci — crossbreds

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

'front width of pelvis, 2middle width of pelvis, 3rear width of pelvis, *front width of loins measured with a pair of compasses, Stear width
of loins measured with a pair of compasses, Sfront width of loins measured by tape, "rear width of loins measured by tape, ®half-circumference
of thighs, 9mped length of leg, "’ginh of chest, ”ginh of chest at sacrum, 'direct body length, 13mped body length, l4hc:ight at withers,
ISheight at sacrum, I{’dizlgonal body length, "metacarpal circ e, '%C bullocks, "*Li bullocks, 2’C x Li bullocks
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11. Zékladni statistické charakteristiky té€lesnych rozméri u jalovicek jednotlivych genotypii ve véku 120 dni — Basic statistical data on body
measurements in heifers of the particular genotypes at 120 days of age

Jalovitky C'® n = 25 Jalovitky Li'% n = 24 Jalovitky C x Li® n =21 | Rel. HE

X (cm) Sz X (cm) S5 X (cm) S5 %
Pfedni ¥ifka panve! 29,0 0,36 29,4 0,37 29,1 0,39 =
Sttednf §itka panve? 34,5 0,44 36,0 0,44 35,0 0,47 -
Zadni §itka panve? 20,6 0,39 21,7 0,39 20,9 0,42 -
Predni $itka beder kruZidlem* 202 | 033 21,9 b** 0,33 20,4 0,36 =
Zadni $itka beder kruZidlem® 24,2 0,36 24,7 0,37 24,2 0,39 -
Predni 3itka beder paskouS 28,8 0,49 29,6 0,50 29,2 0,53 -
Zadni §itka beder paskou’ 324 0,49 32,7 0,50 32,6 0,53 -
Poloobvod stehen® 82,8 2 1,20 88,8 1,22 86,2 < 1,31 -
Vinuté délka kyty? 1332 1,56 1357 1,59 137,1 1,70 2,0
Obvod hrudniku'? 1289 1,50 130,8 1,53 130,4 1,63 -
KfiZovy obvod hrudniku'! 141,9 1,78 1436 1,82 144,5 1,94 1,2
PHim4 délka téla'? 58,6 2* 0,84 56,2 b* 0,86 59,3 0,92 33
Vinutd délka t&la' 1248 1,32 124,5 1,34 126,6 1,44 1,6
Vyika v kohoutku' 98,6 0,86 99,1 0,89 99,7 0,94 0,9
Vy¥ka v kfizi's 106,3 091 107,0 0,93 107,0 0,99 -
Sikma délka t&la't 107,9 1,27 106,2 1,30 108,1 1,39 1,0
Obvod holen&!” 16,2 ** 0,24 15,6 0,24 16,1 0,26 -

For 1-17 see Table I; '*C heifers, ’Li heifers, *°C x Li heifers

I11. Zékladni statistické charakteristiky t&lesnych rozmérd u bycka jednotlivych genotypti ve véku 210 dni — Basic statistical data on body
measurements in bullocks of the particular genotypes at 210 days of age

Byéci C'¥ n =32 Byéci Li'% n = 22 Byéci CxLi?n=20 Rel. HE

X (cm) S5 X (cm) S5 X (cm) S5 %
Predni $itka pénve' 35,28 0,36 33,1 b** 0.44 35,5 0,45 4,0
Stfedni 3ifka panve? 39,0 0,41 38,7 b* 0,51 40,2 0,52 3,5
Zadni 3itka panve? 23,1** 0,46 24,9 0,57 25.0°% 0,59 4,6
Predni §itka beder kruZidlem* 23,2 0,37 2330 0,45 25/0:% 0,46 75
Zadni §itka beder kruZidlem® 27,7 0,34 27.6'0* 0,42 29:376% 0,43 3,8
Predni Sitka beder paskou® 30,2 0,52 30,1 0,64 31,5 0,65 45
Zadnf ¥itka beder paskou’ . 338 0,54 k1 B 0,67 353 0,69 5.5
Poloobvod stehen® 88,7 *** 1,24 99,7 1,53 95,9 ¢*** 1,57 -
Vinutd délka kyty” 145,5 1,84 150,8 2,28 150,8 2,33 -
Obvod hrudniku!? 145,8 1,56 142,8 b*** 1,93 153,0 «** 1,98 6,0
KfiZovy obvod hrudniku'! 160,4 1,96 156,0 b*** 2,42 169,3 <*** 2,48 7,0
Pfim4 délka t&la'? 64,7 %" 0,88 60,4 *** 1,09 65,8 1,12 52
Vinuta délka t&la'? 136,7 1,39 135,3 1,71 1393 1,75 24
Vyika v kohoutku!* 108,5 ** 0,78 105,5 b*** 0,97 112,5** 0,99 5.1
Vyska v kiizi'? 114,4 0,82 112,9 b*** 1,01 119,0 *** 1,04 47
Sikma4 délka téla'® 119,4 ** 1,22 114,505 1,50 124,1 ¢* 1,54 6,1
Obvod holeng!? 17,2 0,18 16,8 b* 0,23 17,4 0,23 2,4

For 1-20 see Table I

nosti P < 0,05 mezi C a Li u zadni §iftky panve, vysky
v kohoutku a $ikmé délky téla, mezi Li a C x Li
u stfedni §itky panve, predni Sitky beder méfené kru-
Zidlem, zadni Sifky beder méfené paskou a obvodu ho-
lené, mezi C a C x Li u §ikmé délky téla.
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Zjisténé hodnoty télesnych rozméri jsou nepatrné
vy3§i, nez uvadgji Smerha a Louda (1997) u byku ple-
mene C.

U jalovicek ve vé€ku 210 dnu (tab. IV) byly zji§tény
statistické rozdily na hladiné vyznamnosti P < 0,001

CZECH J. ANIM. SCI., 44, 1999: 241-247



IV. Zékladni statistické charakteristiky t&lesnych rozmérii u jalovigek jednotlivych genotypti ve v&ku 210 dni — Basic statistical data on body
measurements in heifers of the particular genotypes at 210 days of age

Jalovitky C'® n = 25 Jalovigky Li' n = 24 Jalovigky C x Li? n = 21 Rel. HE

X (cm) 55 X (cm) Sz X (cm) s %
Predni §itka panve' 37,21 0,40 34,30 0,42 37,0 0,44 -
Stfedni Sitka panve? 40,9 ** 0,47 39,4 0,49 40,7 0,51 -
Zadni 3itka pinve? 24,4 % 0,52 26,0 0,55 254 0,57 -
Predni 3ifka beder kruZidlem* 25,9 0,42 244 0 0,43 27,0 0,45 74
Zadni Sitka beder kruZidlem® 30,18 0,38 27,80 0,40 31,0 0,42 7,1
Predni ¥itka beder paskou® 34,1 3*** 0,58 30,35 0,61 35,8 0,64 11,2
Zadni $itka beder péskou’ 38,0 2*** 0,62 333:b% 0,64 39,4 0,67 10,5
Poloobvod stehen® 93,0 **** 0,41 101,3 1,47 97,7 ¢ 1,53 -
Vinuti délka kyty? 152,2 2,09 1577 2,18 157,7 2,28 -
Obvod hrudniku'? 150,1 1,77 146,5 ** 1,84 154,7 1,93 43
KfiZovy obvod hrudniku'! 160,5 2,22 162,5 2,32 167,8 <* 2,43 3,9
Piimi délka t&la'? 673" 1,00 62,0 b*** 1,04 67,6 1,09 4,6
Vinuti délka téla"? 139,0 1,57 138,3 v*** 11,63 140,4 1,71 1,3
Vyska v kohoutku'* 110,1 0,89 106,7 0,93 11,7 0,97 3,0
Vyska v kiizi'® 117,0 0,93 114,5** 0,97 118,3 1,02 2,2
Sikma délka t&la'® 124,0 **** 1,38 115,0 b** 1,44 126,1 1,50 55
Obvod holeng!? 17,0 0,21 16,8 0,22 17,1 0,23 1,2

For 1-17 see Table I; *C heifers, 'Li heifers, °C x Li heifers

V. Zikladni statistické charakteristiky t&lesnych rozmérii u bycku jednotlivych genotypii ve v&ku 365 dni — Basic statistical data on body
measurements in bullocks of the particular genotypes at 365 days of age

Byéci C'® n = 32 Byéci Li'? n = 22 Byéci Cx Li%n =20 Rel. HE

X (cm) S5 X (cm) S5 X (cm) 5= %
Pfedni 3itka panve! 40,9 »*** 0,46 36,9 b*** 0,52 40,8 0,49 -
Stfedni 3ifka panve? 44,8 *** 0,41 41,4 b** 0,46 45,0 0,43 44
Zadni §itka panve? 28,4 0,41 28,7 0,47 28,6 0,44 -
Predni 3itka beder kruZidlem* 27,8 %° 0,39 26,4 ** 0,44 28,1 0,41 3,7
Zadni §ifka beder kruzidlem® 32,92% 0,40 30,4 b°** 0,45 332 0,42 4,9
Predni $itka beder paskou® 35,1 0,49 349 0,55 35,7 0,51 2,0
Zadni §itka beder paskou” 40,2 °° 0,52 38,4 0,59 41,0 0,56 43
Poloobvod stehen® 98,9 1,35 100,3 »* 1,53 105,6 ¢ 1,43 6,0
Vinuta délka kyty® 164,4 2*** 1,80 154,9 b*** 2,04 169,7 ¢ 1,91 6,3
Obvod hrudniku'’ 166,6 **** 1,51 156,9 b*** 1,72 170,1 1,61 52
KfiZovy obvod hrudniku!! 1826>* 1,94 167,0 b*** 2,20 187,6 <* 2,06 15
Pfimi délka t&la'? 73 a™ 0,73 62,6 "*** 0,83 71,9 0,78 -
Vinuti délka téla'? 155,0 +*** 1,50 145,1 b*** 1,70 158,5 1,59 5,6
Vyska v kohoutku'® 118,5 +** 0,85 114,7 b*** 0,97 120,6 0,90 34
Vyska v kiizi's 124,1 ** 0,84 120,7 b*** 0,95 127,1 ¢ 0,89 38
Sikma délka t&la'® 137,5 2*** 1,15 129;3 6™ 1,31 137,6 1,22 3,1
Obvod holen&!? 19,1 **** 0,19 17807 0,21 19,0 0,20 -

For 1-20 see Table I

mezi C a Li u pfedni §itky panve, zadni 3ifky beder
méfené kruZidlem, predni a zadni Sitky beder méfené
paskou, poloobvodu stehen, pfimé délky téla a Sikmé
délky téla, mezi Li a C x Li u pfedni $itky panve, pfed-
ni a zadni §itky beder méfené kruZidlem i paskou, pfi-
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mé délky téla, vinuté délky téla a Sikmé délky téla, na
hladiné vyznamnosti P < 0,01 mezi Li a C x Li u ob-
vodu hrudniku a vy3Kky v kfiZi a na hladin€ vyznamnos-
ti P < 0,05 mezi C a Li u stfedni a zadni $itky panve,
pfedni $ifky beder méfené kruZidlem a vy¥ky v kohout-
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VI. Zékladni statistické charakteristiky t€lesnych rozméri u jalovicek jednotlivych genotypii ve véku 365 dni — Basic statistical data on body

measurements in heifers of the particular genotypes at 365 days of age

Jalovicky C18 n = 25 Jalovigky Li'Y n = 24 Jalovigky C x Li? n = 21 Rel. HE

X (cm) s X (cm) 55 X (cm) s %
Predni 3ifka panve! 42,9 **** 0,44 3ggbnte 0,44 41,7¢ 0,44 -
Stfedni §itka panve? 44,8 ©*** 0,39 41,7 %** 0,37 43,5¢ 0,39 =
Zadni $irka pénve? 29,8 0,39 28,9 0,39 29,3 0,39 -
Predni §itka beder kruZidlem* 27,4 0,37 26,9 b** 0,37 28,6 < 0,37 53
Zadni ¥itka beder kruZidlem® 33,9 3" 0,38 31,4 b 0,38 33,6 0,38 =
Pfedni $itka beder paskou® 35S 0,46 337 0,46 36,1 0,46 43
Zadni §itka beder paskou’ 40,3 **** 0,50 k7 [ 0,50 41,2 0,50 5.6
Poloobvod stehen® 93,8 1,28 96,5 1,28 96,9 1,28 1,8
Vinuta délka kyty? 170,6 **** 1,71 160,4 b* 1,71 166,3 1,71 =
Obvod hrudniku'? 167,8 **** 1,44 157,4 b*** 1,44 166,4 1,44 =
KfiZovy obvod hrudniku'! 183,9 **** 1,84 171,8 v*** 1,84 182,0 1,84 -
Pfimé délka t&la'? 71,9 " 0,69 67,1 b*** 0,69 71,8 0,69 -
Vinuti délka téla'? 155,527 1,42 145,8 b*** 1,42 1534 1,42 -
Vyska v kohoutku'* 119,3 **** 0,81 1142 b* 0,81 117,7 0,81 -
Vyska v kiizi'? 125,1 **** 0,79 120,5 »** 0,79 123,6 0,79 -
Sikm4 délka t¥la'® 136,3 **** 1,10 129,0 P*** 1,10 1343 1,10 -
Obvod holen&!? 19,3 #*** 0,18 17,9 ** 0,18 18,6 ** 0,18 -

For 1-17 see Table I; '®C heifers, '°Li heifers, .mC x Li heifers

ku a mezi C a C x Li u poloobvodu stehen a kifiZzového
obvodu hrudniku.

Ve véku 365 dnu byly u bycku (tab. V) zjistény
statistické rozdily na hladiné vyznamnosti P < 0,001
mezi C a Li u pfedni a stfedni $ifky panve, zadni Sitky
beder méfené kruZidlem, vinuté délky kyty, obvodu hrud-
niku, kfiZového obvodu hrudniku, pfimé délky téla, vinu-
té délky téla, Sikmé délky téla a obvodu holené, mezi Li
a C x Li u pfedni a stfedni $itky pédnve, zadni Sifky
beder méfené kruzidlem, vinuté délky kyty, obvodu
hrudniku, kfiZového obvodu hrudniku, pfimé délky té-
la, vinuté délky téla, vysky v kohoutku a v kiiZi, Sikmé
délky téla a obvodu holené, na hladiné vyznamnosti
P < 0,01 mezi C a Li u vySky v kohoutku a v kiiZi,
mezi Li a C x Li u pfedni $ifky beder méfené kruZid-
lem a na hladiné vyznamnosti P < 0,05 mezi C a Li
u piednf $ifky beder méfené kruZidlem a zadni Sitky
beder méfené paskou, mezi Li a C x Li u zadni §itky
beder méfené paskou a poloobvodu stehen a mezi C
a C x Li u poloobvodu stehen, vinuté délky kyty, kii-
Zového obvodu hrudniku a vysky v kfiZi.

Ve véku 365 dnu byly sledované télesné rozméry
charakterizujici osvaleni kyty a beder vétsi, nez uvadeé;ji
Smerha a Louda (1997) u byku C, vy¥ka v kohoutku
a obvod hrudniku byly shodné.

U jalovicek ve véku 365 dni (tab. VI) byly zjistény
statistické rozdily na hladiné vyznamnosti P < 0,001
mezi C a Li u piedni a stfedni Sitky panve, zadni Sitky
beder méfené kruZidlem, pfedni a zadni $iftky beder
méfené paskou, vinuté délky kyty, obvodu hrudniku, kii-
zového obvodu hrudniku, pfimé délky téla, vinuté dél-
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ky t&la, vySky v kohoutku a v kiiZi, Sikmé délky téla
a obvodu holené, mezi Li a C x Li u predni §itky péan-
ve, zadni Sitky beder méfené kruZidlem, predni a zadni
Sitky beder méfené paskou, obvodu hrudniku, kiiZového
obvodu hrudniku, pfimé délky téla, vinuté délky téla
a Sikmé délky téla, na hladiné vyznamnosti P < 0,01
mezi Li a C x Li u stfedni §itky péanve, pfedni §itky
beder méfené kruZidlem, vySky v kohoutku a v kfiZi
a obvodu holeng, mezi C a C x Li u obvodu holené
a na hladiné vyznamnosti P < 0,05 mezi Li a C x Li
u vinuté délky kyty a mezi C a C x Li u pfedni a stfed-
ni Sitky panve a predni Sitky beder méfené kruZidlem.

U ostatnich télesnych rozmérti nebyly rozdily mezi
jednotlivymi genotypy statisticky vyznamné.

Nami uvadéné rozméry panve byly vétsi, nez uvadi
Teslik (1994) u star$ich byki ve v&ku 1,5 roku. Ostatni
télesné rozméry, které zjistil Teslik (1986, 1987, 1989,
1994) u byka C a Li pfi porazkové hmotnosti od 530
do 570 kg ve véku od 500 do 540 dnu, byly vétsi nez
nami zjisténé rozméry u bykl plemen C, Li a kiiZencu.

Z uvedenych vysledkt vyplyva, Ze ve véku 210 dni
se u bycku i jalovicek u kfiZzenci projevil heterozni
efekt ve velikosti télesného ramce (tab. III a IV). Ve
véku 120 dni a 365 dni se tento heterozni efekt projevil
u by¢kl C x Li, ale jiZ ne u jalovi¢ek C x Li (tab. I, II,
V, VI). U jalovi¢ek ve viech vékovych kategoriich ne-
byly u vétSiny télesnych rozméra zjiStény statisticky
vyznamné rozdily mezi C a C x Li. U bycku byl tento
trend zji$tén pouze ve vé€ku 365 dni. Jalovi¢ky ve véku
120 dni doséhly nejvysSich primérnych hodnot u vét-
Siny télesnych rozmért u plemene limousin a ve véku
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365 dni dosahly nejvyssich primérnych hodnot u vét-
Siny télesnych rozméria u plemene Ceské strakaté. Byc-
ci ve véku 120 a 365 dni dosahli nejvysSich primér-
nych hodnot u vétSiny télesnych rozmért u kombinace
C x Li. Ze statistického vyhodnoceni vysledki vyplyva,
Ze do véku 120 dni byla nejvys8i intenzita ristu zjisténa
u byc¢ku-kfiZzenct a u jalovicek plemene Li. V tomto
obdobi vykézalo plemeno Li vy$§i intenzitu ristu nez
plemeno C. Ve véku 120 dni dosahla u byckd i u jalo-
viCek vétSina télesnych rozméra vyssich hodnot u ple-
mene Li neZ u plemene C. Poloobvod stehen a vinuta
délka kyty byly ve véku 120 dni nejmensi u by¢ku i u ja-
lovi¢ek plemene C. Od véku 120 aZ 210 dni byla nej-
vyS§i intenzita rastu u bycku i u jalovicek C x Li.
V tomto obdobi byla u bycku i jalovi¢ek pozorovina
vy$§i intenzita rastu délkovych télesnych rozméru u ple-
mene C oproti plemeni Li. Ve véku 210 dni dosahly
hodnoty vétSiny délkovych télesnych rozmérd u bycka
i u jalovicek vysSich hodnot u plemene C neZ u pleme-
ne Li. Poloobvod stehen a vinutd délka kyty byly ve
véku 210 dni opét nejmensi u bycka i jalovicek u ple-
mene C. Od véku 210 dni do 365 dni vykédzalo plemeno
Li u bycku i jalovicek ve srovnani s plemenem C a kii-
Zenci nejniz8i intenzitu rastu. Témér u vech sledova-
nych télesnych rozmérl byly zjistény u bycki i u jalo-
vicek plemene Li nejniZ§i hodnoty. Pouze poloobvod
stehen byl u bycku i jalovicek nejniZsi u plemene C.
Od véku 210 dni do 365 dni byla zji§t€éna nejvyssi
intenzita rastu u bycku-kiiZenct a u jalovicek ¢eského
strakatého skotu.
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ABSTRACT: The rate of hair turning grey in 2 groups of Wrzos6wka lambs: younger lambs — 7 days and 3/5 months old
and older lambs — 5/5 months and 7/5 months old, increases respectively, from approximately 44% to 74% and from 75% to
88%. This was confirmed by highly significant or significant statistical differences in the ratio of primary and secondary light
fibres, in fleeces of lambs of different ages. Greying of fleece in younger lambs occurred because of development of mostly
light coloured secondary fibres and a loss of pigment in dark primary coarse fibres. In older lambs, greying is due to the loss
of pigment in different dark fibres. The fleece of ram lambs turned grey earlier than that of ewe lambs, but at 7 months of
age, the greying was similar.

Key words: sheep; Wrzoséwka breed; fleece; fibres; greying

ABSTRAKT: Rozsah Sednuti srsti u dvou skupin jehiiat plemene wrzosowka, a to u mladsich jehiiat ve véku 7 dni a 3,5 mésicl
a u star§ich jehiiat ve véku 5,5 mésicti a 7,5 mésicl, se zvy3uje od 44 % do 74 %, resp. od 75 % do 88 %. Tuto skutednost
potvrdily zjiSténé vysoce vyznamné a vyznamné statistické rozdily v poméru primarnich a sekunddrnich svétlych vliken
v rounu mladsich i star§ich jehiiat. K blednuti rouna u mladSich jehiiat dochazi tak, Ze z chlupovych vagku vyristaji vétinou
svetla sekundarni vlakna (podsada) a Ze dochazi ke ztrat€ pigmentu u tmavych primarnich hrubych vldken. U berdnkt dochazi

k Sednuti rouna o néco diive neZ u jehnicek, ale ve véku 7 mésict jsou rouna beranki i jehnicek srovnatelné Sediva.

Klicovi slova: ovce; plemeno wrzoséwka; rouno; vldkno; Sednuti

INTRODUCTION

The process of turning grey the black fleece in
Wrzoséwka lambs has not been studied and explained
so far and was usually considered similar to Romanov
sheep greying model (Czaja, 1937; Prawochenski,
1937; Szymski, 1957). Lambs of Romanov sheep are
also born black, due to dark fibres developing from hair
follicles. Later, their fleece turns grey with the devel-
opment of light secondary fibres. Thus, the coat of
adult Romanov sheep consists of dark outercoat and
light-coloured undercoat (Mozhajewa, 1952), whereas
in Wrzoséwka sheep, it consists of both, light-coloured
and dark, outercoat and undercoat (Kaczkowski, 1929;
Kotler, 1936; Janik, 1980; Fiszdon, Niznikowski, 1996).

The existence of Wrzoséwka sheep is endangered
and it became necessary to explain the mechanisms of
their fleece turning grey. The knowledge of the rate of
greying of Wrzoséwka lambs of different ages should
help the lambs skin and wool production.
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MATERIAL AND METHODS

Skin sections with hair follicles and associated glands,
from growing Wrzoséwka lambs were analysed his-
tologically. Skin samples were collected, using biopsy,
from the flank, 4 collections from each of the 32 ram
and ewe lambs from the central flock of Zootechniczny
Zaktad Do$wiadczalny in Czechnica, near Wroclaw.

The samples were fixed in formalin and embedded
in paraffin. After slicing transfer, the slides were
stained with haematoxyline and eosin (Baginski, 1965).
Transverse cross-sections of raw fibres examined under
microscope did not absorb any of applied staining agents,
and remained naturally dark, or were optically transpar-
ent, light. Two types of quantity analysis of light-col-
oured and dark fibres were performed. Fibres within 10
microscopic fields were analysed (magnification of the
objective — 10x, eyepiece — 16x, Table I), as well as
fibres from 30 groups, distinguishing between primary
fibres (P) — coarse and semi-coarse (Table II) and sec-
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1. Quantity analysis of light-coloured and dark Wrzoséwka fibres observed in 10 microscopical fields

Age and sex of lambs

»
o
E 7 days 23 3.3 7 months
¥is 3 months months
1R k=] male + female | male + female male + female | male + female
g n=32 . n=32 n=32 n=32
n=16 n=16|n=16 n=16 | n=16 n=16 | n=16 n=16
X 567.5% 477.0%¢ 397.280¢ 333.380f
e v 16.1 217 26.7 218
light-coloured A A hC BeC BD Bd BDf BD
adl dak 575.3 560.2" | 496.6 458,7%¢C| 368,38D° 389.4% 305.3 359.6
18.2 14.3 21.3 22.1 21.5 30.8 15.2 23.2
X 247.5° 363.8% 290.9 295.7°
3 v% 61.0 40.6 434 29.1
Light-coloured e A 5 i
269.1 2277 [404.9" 325.2 307.1 2756 |[265.3 324.1
57.5 65.8 314 48.9 242 58.7 23.3 30.0
x 318.6% 110.7%¢ 84.4% 37.45P
Dark v% 60.0 80.8 85.7 99.2
306.14 3303% | 86.5° 133.4% | 60.1° 107.25¢| 39.5° 35.3840
72.8 493 71.7 713 88.0 76.4 |114.6 81.2
x - 2.6 3.9 0.3
5 v% - 3464 3474 325.2
Semi-coarse
- 2.62 52 0.12 1.1 6.60 0.4 0.2
- 2736 |243.6 416.7 320.0 281.6 2803 394.7
A-B, B.; C-D, D... - P < 0.01
ef, f.., a-b, b... - P < 0.05
Mean values designated by the same letter are not significantly different
X — mean value, v% — coefficient of variability
II. Quantity analysis of light-coloured and dark primary fibres observed in 30 fibre groups of growing Wrzoséwka lambs
% Age and sex of lambs
) ) g 7 days 35 55 7
Primary hair = months months months
fibres — P £ | male +  female | male +  female | male +  female | male + female
zs n=32 n=32 n=32 n=32
n=16 n=16 | n=16 n=16 | n=16 n=16 | n=16 n=16
x 854 86.1 86.8 853
Total —
light-coloured | *® 2.8 2.5 27 37
and dark 85.5 85.4 85.9 86.2 86.5 87.0 85.4 85.1
3.0 2.7 3.2 1.8 33 2.1 8.7 3.8
x 1.7t 28,55 29.35P 50.85¢
P- v% 163.5 82.1 77.6 50.5
light-coloured 17.0% 6.7 343 23.1"| 364" 23.1"| 46.7° 54.6°C
146.6 148.2 71.7 93.7 62.3 93.5 65.1 37.6
X 73.14 57.05° 56950 34.05¢
v% 26.6 41.3 39.1 76.1
P - dark A A b bD b bD B BC
68.3" 71.5 50.5 63.1 49.3 63.6 38.0 30.2
35.0 17.3 48.4 34,3 41.7 34.8 82.4 65.3
x 0.68 0.55 0.57 0.52
P- v% 4235 555.1 328.0 171.1
SCINL-COALSE 0.13 1.2 1.13 - 0.86 031 | 073 0.31
397.2 333.6 |208.5 - 308.8 227.1 141.5 227.1

A-B,B.; C-D,D..- P <001
e-f, f., a-b, b.. - P <0.05

Mean values designated by the same letter are not significantly different
X — mean value, v% — coefficient of variability
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I1I. Quantity analysis of light-coloured and dark secondary fibres observed in 30 fibre groups of growing Wrzoséwka lambs

o Age and sex of lambs
S
Secondary hair ; ey mc:);;:hs mgl.'lsths moznhs
fibres - § _": male + female | male female | male + female | male + female
g n=32 n=32 n=32 n=32
n=16 n=16|n=16 n=16 | n=16 n=16 | n=16 n=16
x 153.14 318.1% 332.9°% 319.4%
E‘g;ﬁ‘_c‘(’lourc g | v 407 208 207 189
and dark 162.4% 14434 | 3123% 323.6° | 332.1% 333.6° | 314.9° 323.7%
329 486 | 18.1 234 | 205 216 | 174 207
¥ 96.6" 265.284 282.88 303.1%¢
S v 643 326 34.2 20.5
light-caloured 103.8% 89.9A | 281.1% 2502 | 312.5 256.7% | 298.4% 307,65
537 764 | 216 419 | 242 418 | 184 227
x 56.1° 50.3¢ 46.0 16.3"
5 i v 138.0 162.2 163.4 1773
585" 539 | 258 731 | 19.4° 694 | 165" 16.1
35.0 173 | 484 343 | 417 348 | 824 653
x 0.35 4.1 2
Sieaitisg |« ¥% 469.8 4243 4314 =
0.13 0.6 55 - 0.43 74 - =
3973 401.8 | 2916 - | 1980 329.1 i o

A-B,B..; C-D, D... - P £0.01
e-f, f., a-b, b... - P < 0.05

Mean values designated by the same letter are not significantly different

X — mean value, v% - coefficient of variability

ondary fibres (S) — undercoat (Table III). Only devel-
oped fibres were analysed, hair follicles were omitted.
Samples of wool were also collected for visual assess-
ment of fleece colour (on a 5 point scale).

Histological analysis performed in wool laboratory
of Czechnica Experimental Centre in Smardzéw and in
the laboratory of Department of Sheep Breeding, Agri-
cultural University of Wroclaw.

The results obtained from particular analyses, were
evaluated statistically. Mean values, percentages, coef-
ficients of variability and significant differences were
estimated using analysis of variance (Ruszczyc, 1970).
General inter-age differences for lambs and separately
for rams and ewes were estimated. Inter-sex differences
for particular age groups were also evaluated.

RESULTS

In 10 microscopical fields, skin of growing lambs
contained decreasing numbers of hair fibres — light-col-
oured and dark with similar variability within their
mean values (Table I). The amount of light-coloured
fibres increased only in younger lambs (from 7 days to
3,5 months of age) whereas there were less light-coloured
fibres in older lambs or their number remained constant.
The changes took place, accompanied by a decreasing
of coefficient of variability of light-coloured hair number.
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In the same life periods the amount of dark fibres
decreased, while their variability increased. So called
’semi-coarse fibres’, with some small pigmentation,
were observed at different ages, but seldom and only
in individual animals.

At all ages and in all 30 fibre groups, stable number
of primary fibres, both dark and light-coloured, were
observed (Table II). In growing lambs, the number of
light-coloured primary fibres increased, while the numbers
of dark fibres decreased, except for the period from 3/5 to
5/5 months. In ram lambs at the age of 7 days, 3/5 months
and 5/5 months, we noticed higher numbers of primary
light-coloured fibres and lower numbers of dark fibres,
compared with ewes lambs. However, the differences
were not statistically significant.

As to the secondary: primary fibres ratio in the 30 fibre
groups, there were on average 1,8 developed secondary
fibres per 1 primary fibre (Tables II and III). In older
lambs (3.5 and 5.5 months old) the ratio was double
that and quite stable at the level of 3.7 developed sec-
ondary fibres per 1 primary fibre. In younger lambs
(7 days to 3.5 months old), approximately 165 secondary
fibres, light-coloured and dark, developed from hair
follicles. At older ages (3,5 to 7 months), the total number
of secondary fibres was stable: the number of light-col-
oured fibres increased by (of approximately 38) and
that of the dark fibres decreased (of approximately 34).
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IV. The rate of greying of growing Wrzoséwka lambs, based on the percentage of light-coloured fibres, observed in:

a) 10 microscopical fields
b) 30 fibre groups

Age and sex of lambs
Hair fibres: 55 7
P — primary, 7 days months months months
§ - secondary male + female | male female | male + female | male + female
n=16 n=32 n=16|n=16 n=32 n=16|n=16 n=32 n=16|n=16 n=32 n=16
: 43.62 76.26 76.71 88.71
a) light-coloured
46.78 40.57 | 80.54 70.90 | 83.40 70.78 | 86.91 90,31
b) light-coloured, total — 4541 72.60 74.36 87.45
P+8§ 48.73 42,05 | 79.21 66.70 | 83.35 66.6 | 8571 88.60
13.70 33.13 33.73 59.55
b') light-coloured — P
19.89 7.90 | 39.88 26.83 | 42.03 25.51 | 56.64 16.17
i 63.12 83.35 84.95 94.90
b?) light-coloured — P
63.92 62.28 | 89.99 77.34 | 94.11 76.97 | 97.77 95.02

Percentage data in Table IV were based on mean
numbers of light-coloured fibres within mean numbers
of fibres, considering the age of lambs (Tables I, II,
IIT). The ratio of light-coloured fibres in the fleece of
growing lambs increased from 44% to 74 % and from
approximately 75% to 88% (Table IV — a, b). The in-
crease of light-coloured fibres was approximately 30%
for younger lambs (7 days to 3.5 months old), and 13%
in older lambs (5.5 to 7 months old). At the age of 3.5
to 5.5 months, the degree of fleece greying did not does
not change significantly. Separately analysed primary
and secondary fibres turned grey in a similar way (Ta-
ble IV — b, b?). Exceptionally, only secondary fibres
of ram lambs turned grey and principally at younger ages.

Sensory analysis of wool samples from the flank
concluded, that 50% of 7-days-old Wrzoséwka lambs’
fleece was black and the rest started turning grey or was
already dark grey or grey (Fig. 1).

Lambs with black fibres developed into adults with
dark grey or grey pigmentation on the flank. Lambs,
which in the 7th day of life had black fibres — turning
grey, dark grey or grey fleeces, became young adults
with light grey or grey flanks.

The results of flank wool sample analyses at differ-
ent ages were compared to the proportion of primary
light-coloured fibres to secondary light-coloured fibres
in 30 hair groups in each individual animal (Table V).
The conclusion was that fleece colour depended mostly
on the ratio of primary light-coloured fibres to secon-
dary light-coloured fibres. The data from Table V
showed, that differentiating darker fleece colour (black,
black turning grey and dark grey) was affected by the
ratio of light-coloured fibres (both secondary and pri-
mary) however grey and light grey colours was affected
mostly by the ratio of light-coloured primary fibres. It
should be underlined, that in spite of large differences
in the numbers of all light-coloured fibres (Table I) and
dark secondary fibres (Table III), no statistically sig-
nificant differences were determined in growing ewes,
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probably due to a high individual variability, which
was supported by high coefficients of variability. It was
concluded is that fleece colour depended mostly on the
ratio of primary light-coloured fibres to dark secondary
fibres.

DISCUSSION

Decreasing numbers of fibres, observed in 10 micro-
scopical fields of the skin of growing Wrzoséwka lambs
showed natural reduction in coat density in growing
animals, in which the distances between hair roots get
larger as the animals grow (Janik, 1980). Skin growth
in 3.5-months-old lambs is so significant, that even the
development of new fibres from hair follicles (Czaja,
1937), resulting in increasing numbers of fibres was not
noticeable. The method can not explain the character
of the greying process, but it is useful for an evaluation
of the ratio of light-coloured fibres in the fleece, in
certain ages of lambs.

The presence of fibres with medial pigment content
in Wrzoséwka fleece was explained by appearance of
brown fibres (Kotler, 1936). In our work, they were
considered as dark, pigment-losing fibres, and the scar-
city of their presence was connected with the short
period of the disappearance of pigment.

Coarse and semi-coarse fibres, called primary — P, de-
velop in full amount from hair follicles during the foe-
tal period of sheep (Diomidova, 1961). Individual hair
groups consist, most frequently, of three primary fibres
(Carter, 1955). Their stable number in 30 hair groups
of growing Wrzoséwka lambs indicated, that even in
7-days-old lambs, they are developed fully from hair
follicles. Their permanent and stable numbers in every
period of life made it possible to describe precisely the
process of greying. In growing Wrzoséwka lambs, the
increase in primary light-coloured fibres took place due
to the loss of pigment by primary dark fibres. Greying
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Age: 7 days 3,5 months 5,5 months 7 months 7 months old 1. Fleece colour of growing
old old old old - totally Wrzoséwka lambs in visual assess-
ment of wool samples from the flank
black turn. grey black turn. grey dark grey 1. dark grey
30.0% 26.7% 23.3% 33.3%
\ grey 2. grey
33% 23.4%
ark grey dark grey
337% 3.3% 3. Light grey
43.4%
black dark grey dark grey dark grey
50.0% 13.3% 6.7% 6.7%
grey _— grey
6.7% 6.7%
grey grey _— grey
6.7% 6.7% 6.7%
grey grey grey
13.3% ol T 6.7%
/ \ light grey light grey
Black turn. grey 6.7%  — 6.7%
20.0%\
light grey light grey light grey
6.7% 6.7% 6.7%
grey
/ o \
dark grey grey light grey
13.3% 13.3% 13.3%
\ light grey /
10.0%
grey light grey light grey light grey
16.7% 16.7% 16.7% 16.7%

V. Evaluation of coat colour in the process of greying of Wrzoséwka
lambs based on the ratio of light-coloured primary and secondary
fibres in 30 fibre groups

. Ratio of % of light-coloured primary
Visnal adssssment fibres to % of light-coloured secondary
of colour

fibres
Black 0-10/ 0-75
Black-turning grey 0-20 / 20-75
Dark grey 10-40 /7 75-98
Grey 30-65 / 90-100
Light-coloured grey 50-97 / 98-100

occurred in both, young and old lambs, but there was
interval in the process between 3.5 and 5.5 months of age.
Greying of primary fibres in ram lambs and ewe lambs
was similar, but it was more intensive in younger rams.
Secondary fibres — S, develop from hair follicles
during postnatal life (Carter, 1955). The 3.7 ratio nS/nP
of secondary fibres in 3.5 months old Wrzoséwka lambs
showed, that they were almost fully developed. The
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changes in the number of secondary fibres, light-col-
oured and dark, and light-coloured only with no
changes in the number of dark fibres, showed, that in
younger lambs (7 days to 3.5 months), only light-col-
oured secondary fibres developed from hair follicles. Un-
published data indicated, that between the 2nd day and
the 2nd month of age, few dark secondary fibres also
developed in Wrzos6wka lambs. These fibres or the ear-
lier developed dark fibres probably lost their pigment at
3.5 months of age. This conclusion is supported by the
existence of so called semi-coarse secondary fibres.
Thus, the greying of secondary fibres in younger lambs
took place mainly because of light-coloured fibres de-
velopment, and only partly because of the loss of pig-
ment by dark fibres. The developed secondary light-
-coloured fibres in older animals (5.5-7 months) turned
grey merely because of the loss of pigment. In ram
lambs the greying of secondary fibres took place mostly
at younger ages, whereas in ewe lambs the process
occurred at all ages.

Two phases of greying of Wrzoséwka fleece are docu-
mented by data resulting from two methods of evaluat-
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ing fibre numbers. They showed, that the ratio of light-
-coloured fibres in fleece in lambs aged 7 days to 3.5
months increased from approximately 44% to 74% and
in lambs aged 5.5 months to 7 months the ratio grew
from approximately 75% to 88%. The phases were sepa-
rated by 2-month interval, which may be connected with
the developmental changes in the skin (Janik, 1980;
Janik, Szabla, 1994). The appearance of the second
phase may be related with the change of coat in autumn
or the autumn shearing of lambs aged 6.5 months.

In the previous study (Janik, 1990), the fleeces of
lambs aged 2 days, 3 months and 8 months were turned
grey in approximately 40%, 76% and 85%, respectively.
Quoted data are similar to data in this paper. Results of
both studies showed, that the fleece of older lambs aged
7 and 8 months) has turned grey significantly (approxi-
mately 90% for 7 months-old ewes and 87% for rams).
As published by (Kotler, 1936), fleeces of 1-year-old
Wrzoséwka ewes and rams turned grey in 77% and
88% respectively. Then, in following years, they were
either turning grey slightly or the process did not con-
tinue. The data show that the coat colour of contempo-
rary Wrzoséwka type in foundation flock is brightened.
Contrary to this, Sztych (1997) noticed a significant
darkening of fleece of Wrzosowka ewes at 3 years of age.

A comparison of the percentage of light-coloured
fibres in fibre groups with visual grading of colour
revealed that the lighter the colour of fleece the higher
the percentage of light-coloured primary fibres.

Greying of fleece in adult Wrzoséwka sheep, caused
by the loss of pigment was called ’age-related turning
grey’ (Kotler, 1936). This term would be acceptable
also for lamb fleece if we presume that each organism
gets older since birth. Brightening of black fleece in
lambs, which occurs because of the development of
light-coloured secondary fibres as well as because of
the loss of pigment in the developed dark primary and
secondary fibres is one of the characteristics of individ-
ual development of Wrzosowka sheep.

CONCLUSIONS

1. The level of greying in Wrzoséwka lambs aged
7 days, 3,5 months, 5,5 months and 7 months was
approximately 44, 74, 75 and 88% respectively. As
lambs grew older, the individual variability of the
process decreased.

2. Primary fleece fibres turned grey in young ewe and
ram lambs aged 7 days to 3.5 months as well as in

older animals aged 5.5 to 7 months. The brightening
of secondary fibres in rams took place mostly at
younger ages.

3. Greying of fleece in younger lambs occurred due to
development of light-coloured secondary fibres and
also to the loss pigment in dark, mainly primary
fibres. In older animals the process occurred due to
the loss of pigment by dark primary and secondary
fibres.
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INFLUENCE OF BACTERIAL ANTIGENS ON SPECIFIC
AND NON-SPECIFIC IMMUNE RESPONSE IN BESTER
(HUSO HUSO L. X ACIPENSER RUTHENUS L.) FRY F3

VLIV BAKTERIALNICH ANTIGENU NA SPECIFICKOU
A NESPECIFICKOU REAKCI U PLUDKU BESTERA, HYBRIDA F;
GENERACE HUSO HUSO L. X ACIPENSER RUTHENUS L.

Halina Kolman', R. Kolman?, A. K. Siwicki’

Unstitute of Biology and Environment Protection, Division of General Biology, Olsztyn, Poland
Institute of Inland Fishery, Division of Lake Fisheries, Olsztyn-Kortowo, Poland
3Faculty of Veterinary Medicine, Division of Microbiology, Olstyn-Kortowo, Poland

ABSTRACT: The present study demonstrates the effects of antigens on specific and non-specific immune response in bester
(Huso huso L. x Acipenser ruthenus L.). The examinations were carried out on bester F3, age 0+ and initial mean b. w. 100 g
reared in aquacultural conditions. The experimental fishes were intraperitoneally injected: Aeromonas salmonicida (outer
membrane antigen) bacterin at a dose of 10 mg in 0.2 ml PBS/fish as well as Furovac vaccine at a dose of 0.2 ml/fish, the
control fishes were injected with PBS. During 6 weeks after antigen application the fishes were bled and analytical studies
were conducted. The statistical significance of differences between average levels of assayed indices in experimental and
control fishes confirmed in NBT-test, titres of natural and specific antibodies as far as y-globulin levels and total protein
content, lysozyme activity and phagocytar index of the neutrophile granulocytes. It was found that bacterins at the adminis-
tered dose stimulated non-specific and specific immunity. The Furovac vaccine was more immunogenic for bester than
O-antigen bacterin.

Keywords: aquaculture; sturgeon; vaccines; Aeromonas salmonicida; Furovac; cellular and humoral defence mechanism

ABSTRAKT: V prici jsou demonstrovany ac¢inky antigenti na specifickou a nespecifickou imunitni reakci u hybrida vyzy
velké (Huso huso L.) x jesetera malého (Acipenser ruthenus L.) Sledovani byli hybridi F; generace ve véku 0+ o po&ateéni
individudlni hmotnosti kolem 100 g, pivodem z chovu. Pokusnym rybam byl intraperitonedlné aplikovan bakterin z Aero-
monas salmonicida (antigen ziskdn z vn&j$i membrany) v ddvce 10 mg v 0,2 ml PBS na kus a dile vakcina Furovac v ddvce
0,2 ml na kus. Kontrolnim ryb4am byl stejnym zptisobem aplikovén PBS. Za est tydnii po aplikaci antigenu byl u ryb proveden
totalni odbér krve a jeji vySetfeni. Statisticky vyznamné rozdily mezi prim&mnymi hodnotami sledovanych ukazatelii u po-
kusnych i kontrolnich ryb byly potvrzeny v testu NBT, u titru pfirozenych a specifickych protilatek, v koncentraci gamaglo-
bulinu a celkovych bilkovin, v lysozymové aktivité a ve fagocytdrnim indexu neutrofilnich granulocyti. Bylo zji§téno, Ze
bakteriny v poddvané ddvce stimulovaly nespecifickou i specifickou imunitu. Vakcina Furovac byla pro bestéra vice imuno-
genni neZ antigen bakterinu.

Kli¢ova slova: akvakultura; jeseter; vakciny; Aeromonas salmonicida; Furovac; celuldrni a humorAlni obranny mechanismus

INTRODUCTION

Intensive studies have been conducted in the past
twenty years on the mechanisms of immunological pro-
cesses in teleost fish. Their results have been taken
advantage of in, among others, preparing effective vac-
cines against many diseases, this resulting in definite
benefits in form of lower fish mortalities in aquaculture
operations and lower use of antibiotics. The vaccines
are usually produced from dead microorganisms
Yersinia ruckeri, Vibrio sp., Aeromonas salmonicida,
or from antigens obtained from their walls (Risque,
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Baudin-Laurencin, 1987; Kaca, 1991; Prost, 1991; Ré6zal-
ski, 1991). As regards chondrostom fishes, the only
such studies described the effect of O-antigen of A.
salmonicida on the immune response in Siberian stur-
geon Acipenser baeri Brandt (Kolman et al., 1999a, b).
The available literature does not contain any works de-
voted to the effect of bacterial antigens on immune
responses in cultured sturgeon hybrids. This, as well as
the need to practically apply the immunoprophylactic
methods during sturgeon culture operations, has induced
the authors to undertake a study on immune responses
in bester to selected bacterial antigens in the recircula-
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tion system. For the principle studies an outer mem-
brane antigen of Aeromonas salmonicida was chosen,
but for the first comparative recognition in the same
conditions an appropriate multi-antigen vaccine, contain-
ing the whole killed A. salmonicidae bacteria among
others, was used.

MATERIAL AND METHODS

Studies were conducted using bester F; fry aged 0+,
of initial average body weight about 100 g. The fry was
divided into three groups, 60 fishes in each group, and
placed in separate rearing basins of the same water
recirculation system with water purification devices (Kol-
man, 1992). The experimental fish were given a single
peritoneal injection of A. salmonicida O-antigen, at the
dose 10 mg/fish in 0.2 ml PBS, or Furovac vaccine at
the dose 0.2 ml/fish. A. salmonicida O-antigen was sup-
plied by the National Fish Health Research Laboratory
in Learnesville WV 25430, USA. The vaccine Furovac
was of Japanese production; it contained dead strains
of A. salmonicida and A. hydrophila with an addition
of Staphylococcus aureus. The concentration of micro-
organisms was about 1 x 10 cells in 1 ml of the sus-
pension. Fish in the control group were given an injection
of PBS only, at the dose 0.2 ml/fish. Before bleeding
Propiscin was used as anaesthetic according to the
method applied by Kolman et al. (1998). The blood
samples were collected by non-lethal heart puncture,
manually according to Ivanova (1983) with a heparinized
needle (0.45 x 16), intended for insuline injection
(Polfa, Lublin). Samples were collected into Eppen-
dorf’s test tubes. Blood of the experimental fish given
O-antigen and of the control was collected at weekly
intervals, for the period of six weeks, from 10 fishes
each time, while in the case of fish given Furovac vac-
cine, blood was collected twice: in four and six weeks
after vaccination. Metabolic activity of neutrophile granu-
locytes was determined using the Nitro Blue Tetrazolium
(NBT) test, by a spectrophotometric method (the assay
of optical density — OD) described by Studnicka et al.

(1985). 2% NBT solution (Sigma) was used. The per-
centage of PMN (Polymorphonuclear) cells reducing
NBT was assayed cytochemically according to Szczylik
et al. (1979) after staining the smears in safranine so-
lution (Van Oss et al., 1973). Phagocytar activity of
these granulocytes was determined with the method de-
scribed by Avtalion, Shahrabani (1975) and O’Neil
(1985), and expressed as phagocytic index (IF). Staphy-
lococcus aureus 209 P suspension was used. Lysozyme
activity (LZM) in blood plasma was determined by the
turbidimetric method described by Studnicka et al.
(1986). Suspension of bacteria Micrococcus lysodeik-
ticus (Sigma) in phosphate buffer was used. Extinction
was determined using a spectrophotometer Eskalal —
Smith Kline Instruments, USA. Egg lysozyme (Sigma)
was used according to Siwicki and Studnicka (1987).
Total protein content and y-globulin fraction level in
blood plasma were determined by the micromethods
described by Siwicki and Anderson (1993). Statistical
analyses were performed using Student’s -test.

RESULTS

An increase of NBT reduction (Optical Density) in
O-antigen group compared with the control was ob-
served already in week I after the injection, and the
differences were confirmed in subsequent weeks: II, IV and
VI (Fig. 1, & £0.05). An increase of NBT reduction was
observed in the Furovac group in week IV as well as
VI, by 28% and 60%, respectively (from 1 to 1.3 and
from 0.5 to 0.8 mg of formazan/ml) (Fig. 1, o < 0.05).
In bester from O-antigen group a statistically signifi-
cant (o < 0.05) increase in the percentage of granulo-
cytes reducing NBT was observed only in week IV, and
their maximal increase took place in week V, at average
values for the control and the experimental group equal
to 33 and 54%, respectively (Fig. 2). In the Furovac
group this index increased in weeks IV and VI, from
about 38 in the control to 52 and 51%, respectively, in
the experimental group (Fig. 2).

NBT reduction [mg/mi]

256

I. An increase of NBT-reduction ability in
bester blood after intraperitoneal injection of
the outer membrane antigen of A. salmonicida
and of the vaccine Furovac
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NBT positive cells (%)

4

2. Per cent of NBT-positive cells in bester
(Huso huso L. x Acipenser ruthenus L.) blood
following intraperitoneal injection of the
outer membrane antigen of A. salmonicida

3. An increase of lysozyme activity in bester
¥ blood plasma following intraperitoneal injec-
tion of the outer membrane antigen of A. sal-
monicida and the vaccine Furovac

total proteins [g/)
i

g

An increase of lysozyme activity in blood serum
(significant at oo < 0.01) was observed in O-antigen
group compared with the control in the period from
weeks I to VI after the injection. The highest difference
between the groups was observed in week II; it amounted
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4. An increase of total proteins in bester blood
plasma following intraperitoneal injection of
the outer membrane antigen of A. salmonicida
and the vaccine Furovac

to 55%, while maximal values of LZM activity, exceeding
10 pg/ml, were found in weeks V and VI (Fig. 3). In
Furovac group a significant increase of LZM activity
(by 25%) was observed in week IV after the injection
(from 7.23 to 9.04 pg/ml) (Fig. 3), and in week VI
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5. An increase of y-globulin in bester blood fol-
lowing intraperitoneal injection of the outer
membrane of A. salmonicida and the vaccine
Furovac

gammaglobuline (g/]

6. An increase of phagocytar index in bester
blood after intraperiteoneal injection of the outer
oo membrane antigen of A. salmonicida and the
vaccine Furovac

7. An increase of the titres of natural antibodies
in bester blood serum following intraperitoneal
injection of the outer membrane antigen of
A. salmonicida and the vaccine Furovac

titre of natural antibodies [Log2]

LZM activity in the experimental group was close to
the control. Two weeks after O-antigen administration
there was a statistically significant (a0 < 0.01) increase
in the average level of total proteins: by some 54 %

(from 13 to about 22 g/l), and large differences between
the experimental group and the control persisted until
the end of the experiment (Fig. 4). Similarly, high in-
crease of protein levels in blood serum was observed
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titre of specific antibodies [Log2]

in Furovac group, both in weeks IV and VI (Fig. 4).
Changes of y-globulin content in blood serum were simi-
lar to those of proteins. In O-antigen group this fraction
increased (o £ 0.01) by 33% in week II (from 11.4 to
15.12 g/1), and the differences between the experimen-
tal and the control group were observed until the end
of the experiment (Fig. 5). In Furovac group the levels
of these globulins increased in weeks IV and VI by
34% (from 11.4 to 15.27 g/l) and 40% (from 10 to
about 14 g/l), respectively (Fig. 5). In week VI of the
studies phagocytar index (IF) in the experimental groups
increased compared to the control (o £ 0.01): in O-anti-
gen group by 195% (from 8.6 to 25.4) (Fig. 6), and in
Furovac group — by 260% (up to 30). O-antigen admi-
nistration resulted in a statistically highly significant
(o0 < 0.001) increase of haemagglutinin titre by 85.7 %
(from 3.5 to 6.5) already in the first week (Fig. 7), and
of specific antibodies (o0 < 0.001) from zero to 4.5
(Fig. 8). The titres increased until week III, when maxi-
mal values of 6.18 and 5.2 were observed respectively,
and then gradually decreased. In Furovac group the
increase of the titre of natural and specific antibodies
was even more pronounced than in O-antigen group,
the titre of natural antibodies increased in 200% in
week IV (from 2.6 to 7.8), and of the specific ones —
from zero to 7.1, while in week VI the respective values
were 5.7 and 5.2 (Fig. 8).

DISCUSSION

It was found that the neutrophile granulocytes of
Siberian and Russian sturgeon, as well as of the hybrids
(bester F3, Russian sturgeon x bester, Sakhalin stur-
geon x Siberian sturgeon) contained an oxygenating
system (Kolman, 1996; Kolman et al., 1998, 1999b).
This system is thought to play a major role in the
microorganism-destroying mechanisms (Stosik, Deptuta,
1991, 1995; Kolman, 1996). Neutrophile granulocytes are
also a source of lysozyme (Studnicka et al., 1986; Si-
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8. An increase of specific antibodies in bester
blood following intraperitoneal injection of
the outer membrane antigen of A. salmonicida
and vaccine Furovac

wicki, 1990), which is abundant in phagocytizing cells
(Lukyanenko, 1989; Jakébisiak, 1995). In view of the
fact that neutrophile granulocytes outnumber MonoNu-
clear (MN) phagocytes in sturgeon blood (Kolman,
1996), and of the suggestions that in activated MN cells
lysozyme secretion did not change (Jakdbisiak, 1995),
it can be concluded that the activity and content of this
enzyme in the blood circulation system was mainly
determined by the state of neutrophile granulocytes. An
increase in the functional activity of these cells
(Figs. 1-3, 6) might have been determined, among others,
by an activation of intracellular degranulating proc-
esses. Although the percentage of PolyMorphoNuclear
(PMN) cells reducing NBT in O-antigen group re-
mained at a level close to the control for the first three
weeks (Fig. 2), but in the course of phagocytosis (Fig.
6) activated neutrocytes (Fig. 1) could have shown a re-
sponse to chemattractants, consisting of increased ad-
herence to the endothelium of blood vessels, and of
migration to the surrounding tissues and inter-tissue
spaces (Jakobisiak, 1995).

The mechanisms of specific responses observed in
bester hybrid F; (Fig. 8), similar to those of pure
Acipenseridae species, have not been clarified as yet.
It can be assumed that a specific response results from
a direct interaction of the cell exponents at the circum-
ference of the immune system (Stosik, Deptuta, 1995;
Staines et al., 1996; Prost, 1997). Taking into account
changes in the particular humoral factors (Figs. 7, 8) it
seems at the background of the changes in y-globulins
(also described in the literature in other species), that
the scheme of specific humoral response in Fj bester at
the level of effector plasmatic cells may be similar to
that in other vertebrates; first a synthesis of less spe-
cific antibodies takes place and then a modification of
their spatial structure, resulting in an increase of their
affinity to the concrete antigen have been presented to
lymphocytes (Staines et al., 1996).

Comparing the immune responses of bester and Si-
berian sturgeon following O-antigen administration it
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can be noted that three indices increased in bester in
the first week after the injection (an increase of NBT
reduction, and of the titre of natural and specific anti-
bodies), while in Siberian sturgeon six indices increased
in similar conditions (higher NBT reduction, an in-
crease of granulocytes reducing NBT, of lysozyme ac-
tivity, level of total protein, and titre of natural and
specific antibodies) (Kolman et al., 19992, b). In addition,
the bester showed higher IF increase and higher dynamics
of lysozyme changes, but lower levels of total proteins
(Fig. 4) and y-globulins. Contrary to this, maximal LZM
activities and maximal titre of specific and natural an-
tibodies after O-antigen administration were similar in
bester and Siberian sturgeon. Other studies (Kolman,
1996) showed that bester and Siberian sturgeon reared
in similar conditions were characterised by the same
growth rate, but levels of y-globulins and phagocytar
index were lower in bester than in Siberian sturgeon.

Administration of some species of killed bacteria in
vaccine caused a much higher increase in all indices of
specific (Fig. 8) and non-specific (Figs. 1-7) immunity
in bester fry; IF and the titre of natural and specific
antibodies increased most of all. This suggests higher
immunogenicity of the vaccine compared to O-antigen,
although the method used — like any other serological
methods — made it possible to discover only some of
the antibodies (Radkowski, Slusarczyk, 1991a, b). In
view of the fact that antibodies in sturgeons are charac-
terized by pentameric spatial structure (Stosik, Deptula,
1995; Prost, 1997) higher maximum functional valency
(Radkowski, Slusarczyk, 1991a, b) may be expected in
these fishes in comparison with teleost ones.

The results showed that bacterial antigens stimulated
the non-specific immunophysiological mechanisms in
bester, with neutrophile granulocytes taking an active
part. This suggests that these granulocytes may play
a role of the mediator of non-specific immunity, in the
same way as in other vertebrates (Siwicki, 1990; Stosik,
Deptuta, 1995; Jakdébisiak, 1995; Falkiewicz, Liberek,
1996). Stimulation of their activity as well as MN and
lymphoid cells might have activated the whole immune
system and induced specific responses (Jakébisiak, 1995;
Staines et al., 1996). The data showed that adminis-
tration of bacterins to F; bester induced non-specific
and specific defence mechanisms, moreover Furovac
vaccine application to bester resulted in higher immune
response than when O-antigen of A. salmonicida was
administered.
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PASSAGE AND RETAINING OF PLASTIC PARTICLES
IN DIGESTIVE TRACT OF DRY COWS'

PASAZ A ZDRZENI PLASTIKOVYCH CASTIC V TRAVICIM TRAKTU
ZAPRAHLYCH DOJNIC

J. Ti"inéct)"l, L. Schmeiserovél, P. Such)"2

'Research Institute of Animal Nutrition, s.r.o.., Pohorelice, Czech Republic
2University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: Our work was aimed at the evaluation of the passage of large plastic particles through the digestive tract of
dry cows. Three crossbred rumen cannulated dry cows were used for the trial (Czech Pied > 75% x Black Pied Friesian < 25%).
The diet consisted of 6 kg alfalfa hay and 2 kg mixture (32% barley meal, 32% maize meal, 32% wheat meal, 2% mineral
supplement and 2% sodium chloride). Plastic particles of the cylindrical shape were used. The specific gravity of the particles
was 1.25  0.05 g/cm®. The trial consisted in 50 pieces of 8/8 and 50 pieces of 12/12 mm particles applied manually through
cannula into the bottom of ventral sac (rumen), anterior blind sac (rumen) and reticulum. The trial was divided into two
periods, 32 days each. Three ways of plastic particles recovery were evaluated: 1) Each day the particles were extracted from
the forestomachs, counted and put back. After 8 days the particles were removed from the forestomachs. Also 2) regurgitation
of particles and 3) recovery in faeces were evaluated. According to our results both anterior blind sac and reticulum perform
a similar role in the plastic particles passage through the reticulo-rumen. The particles passed through both parts in one day,
and were retained in majority in the bottom of the ventral sac. Regurgitation of 8/8 particles varied from 0.0% to 2.0%,
regurgitation of 12/12 particles was between 8.0 and 11.7%. The particles were retained behind the reticulo-omasal orifice
for 9-32 days in between 10.7-21.3%.

Keywords: cow; plastic particles; passage; rumen

ABSTRAKT: Nasim cilem bylo hodnoceni pasaZe velkych plastikovych &astic travicim traktem zaprahlych dojnic. V pokusu
byly pouZity tfi zaprahlé dojnice (kfiZenky plemen &eské strakaté > 75 % x friské &ernostrakaté < 25 %) vybavené ruminalni
kanylou. Krmna davka obsahovala 6 kg vojtéskového sena a 2 kg smési (32 % jeCmene, 32 % kukufice, 32 % pSenice, 2 %
minerdlniho dopliiku a 2 % NaCl). Byly pouZity plastikové &astice valetkovitého tvaru. Specifickd hmotnost &4stic byla 1,25 +
0,05 g/lem®. V pokusu bylo pouZito vzdy 50 &astic 8/8 a 50 &astic 12/12 mm aplikovanych na dno ventralniho vaku (bachor),
pfedniho slepého ventrilniho vaku (bachor) a &epce. Aplikace byla provedena ve dvou periodich, piitemZ kaZd4 trvala 32 dna.
Névratnost byla hodnocena tfemi zpusoby: 1) KaZdy den byly &astice vybrany z pfedzaludku, spocitany a vraceny zpét. Po
8 dnech byly &astice odstranény z pfedZaludki. Déle bylo hodnoceno 2) vyzvriceni a 3) ndvratnost &4stic ve vykalech. Podle
naSich vysledki predni slepy vak i retikulum vykazaly podobnou roli v pasaZi plastikovych &astic bachorem. Castice prosly
obéma témito &4stmi v jednom dni a byly vétSinou zadrZeny na dn& ventrilniho vaku. Hodnota vyzvréiceni 8/8 &stic byla 0 aZ
2,0 %, vyzvriceni &astic 12/12 kolisalo mezi 8,0 aZ 11,7 %. Céstice byly zadrZeny za &epco-knihovym otvorem ve vy3i 10,7 aZ
21,3 % v prubéhu 9 aZ 32 dni.

Klicova slova: dojnice; plastikové Castice; pasaz; bachor

INTRODUCTION

The aim of our work was to evaluate the passage of
large plastic particles through the digestive tract of dry
cows. The passage depends on the specific gravity and
size of particles. The optimum density of plastic parti-
cles was reported by King and Moore (1957). Their

trials with steers showed the highest speed of particle
passage for the particle density of about 1.2 g/cm3‘
Campling and Freer (1962) found out that the lowest
ruminal mean retention time was shown by particles
with the specific gravity of 1.1-1.2 g/cm3 and similar
results were achieved by Stetter Neel et al. (1995) with
the specific gravity of 1.32 g/cm3. That is why plastic

* Research was supported by the Ministry of Agriculture of CR (Project No. 9600027197-15 of the National Agency for Agricultural Research)
and by the Grant Agency of the Czech Republic (Project No. 523/99/1539).
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particles with specific gravity 1.2-1.3 g/cm3 were used
in our trial.

Larger particles pass slowly through the digestive
tract of cattle. This was confirmed in trials with large
and small particles of feed (Moore et al., 1992; Mamb-
rini, Peyraud, 1997) and in trials with plastic particles.
Campling and Freer (1962) used 3.2, 4.0 and 4.8mm
plastic particles in a trial with dry cows, the TMRT
(total mean retention time) being 80, 86 and 91 h. Cy-
lindrical nylon particles of 1, 3 and 5Smm length were
applied into the rumen of steers by Prigge et al. (1990),
ruminal retention time being 17.4, 20.7 and 61.4 h. The
passage of large particles was mentioned by Welch and
Smith (1978). They fed steers with 5, 10, 15 and 20mm
rubber strips with 0.9% recovery of nonruminated
20 mm particles. Ehle and Stern (1986) applied into the
rumen of heifers 3.2, 6.4 and 12.7mm spheres with the
recovery of 78.2, 79.5 and 68.8%. Also the critical size
of particles escaping from the reticulo-rumen has been
discussed in literature. Poppi and Norton (1980) sug-
gested the size of 1.18 mm to be critical for the parti-
cles to escape from the reticulo-rumen of sheep. In
trials with dry cows Shaver et al. (1988) found 4-5%
of fecal DM retained on a sieve with the 4.75mm ap-
erture. Deswyssen and Ellis (1990) mentioned that the
threshold value of particle size cannot be measured in
absolute terms because of the biological randomness in
the passage of digesta particles. The particles enter
through the cardia into a pear-shaped sac (Czerkawski,
1986). The following passage of particles through the
rumen is influenced by the stratification of the particles
in the rumen. Evans et al. (1973) reported that coarse
particles occurred at the highest concentration in the
dorsal sacs of the rumen and that the density of coarse
particles tended to be low and the fine particle density
tended to be high. For the purpose of the rumen digesta
shifts evaluation various methods have been used. Wy-
burn (1980) used x-ray filming of 16 sheep dosed with
barium sulfate, which allowed direct observation of the
digestive tract. McBride et al. (1984) attempted en-
doscopic observations of reticulo-omasal orifice, which
proved the orifice to be large enough to allow the pas-
sage of particles smaller than 10 mm. According to
Welch (1982) the reticulo-omasal orifice in cattle is
larger than 20 mm.

In 1995 the new nylon capsule method was pre-
sented for the first time (Tfinacty et al., 1995). The
presented method was based on nylon capsules of 10 mm
size, made of nylon cloth, filled with feed samples and
orally inserted into the animal. The questions remained
what factors can influence the passage of capsules
through the digestive tract of cattle. As the model of
nylon capsules, the plastic particles were tested in this
article.

This article tries to find answers to the following
questions: 1) Can 8/8 and 12/12mm plastic particles
leave the reticulo-rumen of dry cows? 2) What is the
role of reticulum and the individual parts of rumen
when the plastic particles leave the reticulo-rumen?
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3) What is the amount of particles retained in the di-
gestive tract behind the reticulo-omasal orifice after the
removal of plastic particles from the reticulo-rumen?

MATERIAL AND METHODS

Three crossbred rumen cannulated dry cows (Czech
Pied > 75% x Black Pied Friesian < 25%) were used
for the trial. The liveweight of the cows at the beginn-
ing of the trials was 600, 575 and 625 kg. The diet (per
day) consisted of 6 kg alfalfa hay and 2 kg mixture
(32% barley meal, 32% corn meal, 32% wheat meal,
2% mineral supplement and 2% sodium chloride). No
refusals were found with the cows, the mean daily con-
sumption being 6.95 kg of DM, 1.24 kg of crude pro-
tein and 1.66 kg of crude fibre. The diet was fed twice
daily, at 5.00 a.m. and 3.00 p.m.

Plastic particles of the cylindrical shape were used.
They were made of polypropylene with limestone as
the filler (Chirana Brno). The specific gravity of the
particles was 1.25 *+ 0.05 g/cm3. The trial consisted in
50 pieces of 8/8 and 50 pieces of 12/12 (diameter/length)
mm particles applied manually through cannula into the
bottom of the ventral sac (saccus ventralis ruminis),
anterior blind sac (saccus caecus ventralis cranialis)

Cardia Dorsal sac

ion of the reticulo-rumen

1. Diagr ic repr

Legend: A — ventral sac, B — anterior blind sac, C — reticulum
(drawing according to Evans et al., 1973; English terms according
to Czerkawski, 1986; Latin terms in the text according to Popesko,
1962)

and reticulum (reticulum), a diagramme see Fig. 1. Each
site where the particles were applied had its own parti-
cle colour. According to our previous experience (un-
published) we have determined that this type of plastic
particles was not found out in other departments of
rumen. Together 300 particles, 150 of either size, were
inserted into a cow at a time.

The trial was divided into two periods, 32 days each.
Excrements were collected to pots by 24-hour service.
The collection intervals were 24 h. Three ways of plas-
tic particles recovery were evaluated: 1) Each day the
particles were extracted from the bottom of forestom-
achs, counted and put back. After 8 days the particles
were removed from forestomachs. 2) Regurgitation of
particles found near the forelegs of animals in the course
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of the 24-h interval for the 8 days was evaluated. 3) To
find out the particle recovery in faeces, excrements
were rinsed in running water with the help of a 4mm
screen in 24-h intervals.

The results were evaluated by the multifactor analy-
sis of variance with Statgraphic version 5.0, with par-
ticle size, period, cow and day as sources of variability.
TMRT was calculated according to Thielemans et al.
(1978) using the following formula:

TMRT =Z(Qt . t . dt)/Z(Qt . dt)

where: TMRT - total tract mean retention time

Ot ~ quantity of particles in faeces found during the
faecal collection interval

1 - time interval after particles application

dt ~ faecal collection interval

RESULTS AND DISCUSSION

The three ways of plastic particle recovery were
evaluated as follows:

1) The particles were counted in the rumen and reticu-
lum. The number of particles applied into the ventral sac
(Table I) went down rapidly in the course of the first
day. After 24 hours 72 % of 8/8 particles and 81.3% of
12/12 particles were found. On the following days the
decrease was substantially slower. As shown in Table I,
the passage of particles from the ventral sac to other
parts of forestomachs was negligible, only a small
amount of 12/12 particles was found in the reticulum
after some days . This means that the passage of these
particles through the reticulum was relatively slower
than through the anterior blind sac. Significant differ-
ences between 8/8 and 12/12 particles first appeared
only after 4 days, while with the total amount of parti-
cles in the forestomachs the result was visible as soon
as after 2 days. On the 8th day after application 51.0%
of 8/8 and 71.0% of 12/12 particles were still found in
the ventral sac. Completely different situation was found
out with the particles applied into the anterior blind sac
(Table II). All particles left this part of the rumen dur-
ing the first 24 hours. They partly moved to the ventral

1. Particles 8/8" and 12/12 mm applied to the ventral sac retained in the ventral sac or transferred to the anterior blind sac and the reticulum

in the course of 8 days (%)

Particles applied into the Pnrﬁgles u_'unsfcrred to.the Pm.ﬁdes transferred to. the vTotul amount in the
Day; af'te.- véateal sae anterior blind sac from the reticulum fron] the ventral fotestomachs
application ventral sac sac
8/8 12/12 8/8 12/12 8/8 12/12 8/8 12/12
1 72.0 81.3 0.3 0.3 3.0 5.3 753 86.6
2 69.0 83.0 0.0 0.0 0.0 0.0 69.0a 83.0°
3 61.7 78.3 0.0 0.0 0.3 2.7 62.0a 81.0°
4 57.0° 77.7% 0.0 0.0 0.0 1.3 57.0° 79.0°
5 52.7° 77.0 0.0 0.0 0.0 0.3 52.7* 77.3°
6 51.3° 73.0° 0.0 0.0 03 3.7 51.6% 76.7
7 52.7% 74.0 0.0 0.3 0.0 0.0 52.7* 74.3%
8 51.0° 71.0 0.0 0.0 0.0 23 51.0% 73.3b

n length/diameter ratio

The values marked with different letters in the same row in the individual columns significantly differ (P < 0.05)

11. Particles 8/8 and 12/12 mm applied to the anterior blind sac retained in the anterior blind sac or transferred to the ventral sac and the

reticulum in the course of 8 days (%)

Daye afier || Paicles appled into the | e e rior | fetieulum from he anirior | TOt amount n the
application blind sac blind sac

8/8 12/12 8/8 12/12 8/8 1212 8/8 12/12

1 0.0 0.3 20.7* 38.3P 0.7 2.7 21.4* 41.3°

2 0.0 0.0 20.7° 38.3 0.0 0.3 20.7* 38.6

3 0.0 0.0 19.7* 35.3 0.0 23 19.7* 37.6

4 0.0 0.0 17.0° 35.0P 0.0 0.7 17.0° 35.7°

5 0.0 0.0 16.0° 33.7° 0.0 0.7 16.0° 34.4b

6 0.0 0.0 143 31.7b 03 1.7 14.6* 33.4b

7 0.0 0.0 14.3 31.0° 0.0 0.3 14.3* 31.3b

8 0.0 0.3 14.7% 29.7% 0.0 2.0 14.7* 32.0°

The values marked with different letters in the same row in the individual columns significantly differ (P < 0.05)
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I11. Particles 8/8 and 12/12 mm applied to the reticulum retained in the reticulum or transferred to the ventral sac and the anterior blind sac

in the course of 8 days (%)

v g s Particles transferred to the | Particles transferred to the :
Days after Farticles z:‘plll ;:'d o the ventral sac from the anterior blind sac from the Totzfxl zm:oum :‘ the
application e reticulum reticulum S g
8/8 12/12 8/8 1212 8/8 12712 8/8 12/12
1 0.0 2.0 20.0* 34.7° 0.3 0.0 20.3* 36.7°
2 0.0 0.3 19.0° 35.3° 0.0 0.0 19.0°* 35.6°
3 0.0 1.3 18.3* 33.7° 0.0 0.0 18.3* 35.00
4 0.0 0.3 17.3 34.0 0.0 0.0 17.3* 3430
5 0.0 0.0 16.3* 34.3° 0.0 0.0 16.3* 34.30
6 0.3 23 15.3* 31.3% 0.0 0.0 15.6* 33.6"
7 0.0 0.0 15.0* 31.0° 0.0 0.0 15.0* 31.00
8 0.0 13 15.3* 29.3 0.0 0.0 15.3* 30.6°

The values marked with different letters in the same row in the individual columns significantly differ (P < 0.05)

IV. Regurgitation of 8/8 and 12/12 mm plastic particles applied to the ventral sac, anterior blind sac and reticulum (%)

Days after Particles applied to the ventral sac | Particles applied to the anterior blind sac | Particles applied to the reticulum
application 8/ 12/12 8/8 12/12 8/8 12/12

1 0 0.3 1.3 43 0.0 2.7

2 1.3 27 1.3* 6.3" 0.0 4.7

3 1.3 3.7 1:3* 6.7° 0.0 53

4 1.3 47 1.3 7.7° 0.0 5.7

8 2.0° 8.0 1.7 11.7° 0.0 8.3

The values marked with different letters in the same row in the individual columns significantly differ (P < 0.05)

sac, the 8/8 particles in 20.7 %, the 12/12 particles in
a significantly larger numbers (38.3 %). The total amount
of retained particles after the first day was only 21.4%
of 8/8 and 41.3% of 12/12 particles, the rest was trans-
ferred to the other parts of the digestive tract. Then the
number of retained particles decreased slowly in the
course of the remaining 8 days, these were practically
only the particles which moved to the ventral sac in the
course of the first day. The behaviour of the particles
applied into the reticulum (Table III) was nearly iden-
tical to that of the particles applied to the anterior blind
sac. Also here all particles left after application and
a similar amount of remaining particles moved to the
ventral sac or to the other parts of the digestive tract.
After 8 days following the application the number of
particles in the ventral sac transferred from the anterior
blind sac (Table II) and from the reticulum (Table III)
was almost identical. We can see that with 8/8 particles
it was 14.7 and 15.3%, and with 12/12 it was 29.7 and
29.3%, respectively. This means that in our case the
large particles which were in the reticulum or in the
anterior blind sac had similar chances of transfer to the
ventral sac.

2) The mean regurgitation (Table IV) of 8/8 parti-
cles applied into forestomachs was maximally 2.0%
after 8 days. Out of the 8/8 particles applied into reticu-
lum no particles were regurgitated. Regurgitation of
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12/12 particles varied between 8.0 and 11.7% without
evident dependence on the forestomachs where the par-
ticles were applied.

3) Cumulative recovery of particles in faeces is men-
tioned in Table V. After 32 days particles applied to
the ventral sac only showed the recovery of 46.3% of
8/8 particles while particles from the anterior blind sac
and the reticulum amounted to 79.0 and 82.3%, respec-
tively. Similar relations were found with 12/12 parti-
cles. This finding is in agreement with the fact that the
transfer of particles from the ventral sac showed the
lowest values (Tables I, II and III). While the 8/8 par-
ticles from the ventral sac and the anterior blind sac
showed significantly higher values of recovery than the
12/12 ones after 4 days, with the reticulum this ap-
peared already after 2 days. Recovery of particles ap-
plied into the anterior blind sac and the reticulum was
similar, e.g. on the 32th day it was 79.0 vs. 82.3% for
the 8/8 particles and for the 12/12 ones 54.3 vs. 59.7%,
respectively.

The particles were removed from the forestomachs
after 8 days, the bottom of the forestomachs was checked
for remaining particles on the following day, and no
particles were found. All columns of Table V show that
excrements still contained particles (that particles were
still excreted) after 24-32 days, which means that some
particles spent 16-24 days in the digestive tract behind
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V. Cumulative recovery of 8/8 and 12/12 mm plastic particles applied to the ventral sac, anterior blind sac and reticulum (found in faeces, %)

Days after | Particles applied to the ventral sac | Particles applied to the anterior blind sac Particles applied to the reticulum
application 8/8 12/12 8/8 12/12 8/8 12/12
1 0 0 0 0 0 0
2 03 07 153 143 20.0° 8.7
3 11.7 2.0 443 333 46.0° 24.7°
4 14.3 2.0 50.0° 35.0° 50.7° 25.0°
8 25.0° 7.0° 61.0° 42.3° 64.0° 40.0°
16 38.7° 12.7° 73.0° 49.7° 76.3" 49.3
24 443" 16.3 78.7 53.0° 80.7° 573
32 46.3" 1 79.0° 543" 82.3" 59.7°
TMRT (h) 211 284 131 133 132 182

The values marked with different letters in the same row in the individual columns significantly differ (P < 0.05)

VI. Total recovery of 8/8 and 12/12 mm plastic particles applied to the ventral sac, anterior blind sac and reticulum (%)

h Applied to the ventral sac Applied to the anterior blind sac Applied to the reticulum

Particles were found:

8/8 12/12 8/8 12/12 8/8 12/12
In forestomachs after 8 days! 51.0° 73.3" 14.7° 32.0" 15.3" 30.6"
Regurgitated during 8 days 2.0° 8.0° 17" 11.7° 0.0 8.3
In faeces during 8 days 25.0° 7.0° 61.0° 423" 64.0" 40.0°
In faeces during following 24 days 21.3* 10.7° 18.0 12.0 18.3 19.7
Total recovery 99.3 99.0 95.4 98.0 97.6 98.6

!Almost all particles were found in the ventral sac

The values marked with different letters in the same row in the individual columns significantly differ (P < 0.05)

the reticulo-omasal orifice. Particle secretion reached
the amount ranging from 0.3 (8/8 particles applied to
anterior blind sac) to 2.4% (12/12 particles applied to
reticulum). We can estimate that these particles were
retained in omasum or in the following parts of the
digestive tract. TMRT values of particles applied into
the ventral sac were the highest, particles applied to the
anterior blind sac and the reticulum showed similar
values (131-133 h), except 12/12 particles, which showed
182 h TMRT. This higher value was probably caused
by particles which increased recovery from 49.3 to 59.7%
between the 16th and the 32th day .

All recovery values obtained in the trial are summa-
rized in Table VI. Particles applied to the ventral sac
were mostly found in the reticulo-rumen after 8 days,
particles applied to the anterior blind sac and to the
reticulum were found mostly in faeces. We can say
again that the anterior blind sac and the reticulum showed
similar values of recovery from forestomachs after 8 days
and from faeces. The values of total recovery ranged
between 95.4 and 99.3%.

Some of the articles describe stratification of parti-
cles in rumen (Evans et al., 1973) and their movement
in rumen (Wyburn, 1980), the transfer of large rela-
tively heavy particles between reticulum and individual
parts of rumen has not been described yet. Regarding
our results we can agree with McBride et al. (1984)
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that the reticulo-omasal orifice allows passage of particles
about 10 mm large. Our results support the finding of
Welch (1982), who reported that the size of reticulo-
omasal orifice in cattle was larger than 20 mm, and the
opinion of Deswyssen and Ellis (1990) that the thresh-
old value of particle size cannot be measured in abso-
lute terms because of the biological randomness in the
passage of digesta particles. Regurgitation of spheres
of 12.7 mm size and 1.34 g/cm3 density in heifers was
evaluated by Ehle and Stern (1986) with the resulting
value of 15.5%, which is a result similar to our range
of values of 8.0-11.7%. Lower recovery and increased
TMRT found out in our work with larger particles is in
agreement with findings of Campling and Freer (1962),
Prigge et al. (1990) and Ehle and Stern (1986).

CONCLUSIONS

The questions posed at the beginning of this article
cannot be answered definitely but regarding our results
we can conclude: 1) We can estimate that the threshold
size of particles which can still escape the rumen is
higher than the value presented in literature, in our case
it was minimally 12 mm. 2) Our values suggest that the
anterior blind sac and the reticulum perform similar
roles in large, heavy particle passage regulation through
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the reticulo-rumen and the particles pass through both
of these parts relatively quickly. Particles were retained
mostly in the bottom of the ventral sac. 3) In our case
behind the reticulo-omasal orifice 10.7-21.3% particles
were retained and these were excreted in the course of
9-32 days after application to the reticulo-rumen.
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EFFECTS OF SEX AND AGE UPON UTILIZATION OF ZINC
IN CHICKENS"

VLIV POHLAVI A VEKU NA VYUZITI ZINKU U KURAT

J. Zelenka

Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic

ABSTRACT: Effects of sex and age of chickens upon zinc utilization were investigated in an experiment with 128 chickens
divided into 16 groups. Eight groups of chickens received in a practical type of feed mixture and drinking water 96 mg of
Zn per 1 kg of consumed dry matter and eight groups received only 83 mg of Zn including 25 mg of zinc added as ZnO.
During the growing period from Day 12 to Day 56, the experiment was divided into 15 three-day balance periods. For diets
containing 96 and 83 mg of Zn, the average coefficients of retention, as determined in 120 balance experiments, were 0.207 +
0.0137 and 0.206 + 0.0095, resp. Utilization of zinc from both diets decreased highly significantly (P < 0.01) with the
increasing age. In chickens fed a diet higher in Zn, the content of this element per 1 g of live body gain decreased with age
and was in average 38.6 + 2.59 ug. In the case of lower Zn diet, its content per unit of weight gain increased up to Day 36 and,
thereafter, a gradual decrease could be observed; the average content was 32.2 + 1.38 pg. The growth rate of the total amount
of Zn in the organism was slightly lower than that of body weight. Allometric coefficients were 0.95 £ 0.033 and 0.97 + 0.008 for
chickens fed diets with 96 and 83 mg of Zn, respectively. The effect of sex on values under study was not significant.

Keywords: chickens; effect of sex; effect of age; utilization of zinc; allometry of growth

ABSTRAKT: Vliv pohlavi a v&ku kufat na vyuZiti zinku jsme sledovali v pokusu se 128 kufaty rozdélenymi do 16 skupin.
Kurata v 8 skupindch pfijimala v krmné smé&si praktického typu a v pitné vod& 96 mg Zn na 1 kg spotiebované sufiny a v dal¥ich
8 skupinach pouze 83 mg Zn, v&etn& 25 mg zinku pridivaného v ZnO. Experiment byl rozdélen do 15 tfidennich bilan&nich
obdobi od 12. do 56. dne Zivota. Pfi obsahu 96 mg Zn byl primémy koeficient retence, stanoveny ve 120 bilancich, 0,207 £ 0,0137
a pfi obsahu 83 mg 0,206 + 0,0095. S pfibyvajicim v&kem se vyuZiti zinku z obou diet vysoce priikazn& (P < 0,01) sniZovalo.
Obsah zinku v 1 g pfiristku Zivé hmotnosti se u kufat krmenych dietou s vy$§im obsahem sledovaného prvku s v&kem
sniZoval a byl v priméru 38,6 * 2,59 pg. Pfi niZ§im obsahu zinku v dieté se jeho koncentrace v pfiristcich zvy3ovala aZ do
36. dne a pak pozvolna klesala; primé&rmy obsah byl 32,2 + 1,38 pg. Relativni rychlost riistu celkového mnoZstvi Zn
v organismu byla o n&co niZ3i neZ rychlost riistu télesné hmotnosti. Alometrické koeficienty pro kufata krmen4 dietou s 96 mg Zn
byly 0,95 £ 0,033 a pro kufata s piijmem 83 mg Zn 0,97 + 0,008. Vliv pohlavi na sledované ukazatele byl nepriikazny.

Klicovi slova: kufata; vliv pohlavi; vliv v&ku; retence zinku; alometrie riistu

INTRODUCTION

The first conclusive evidence that zinc is an essential
micronutrient for growth and development of higher
animals was obtained in experiments with mouse by
Bertrand and Bhattacherjee (1934 — cit. Luecke, 1965)
and Todd et al. (1934). Essentiality of zinc in the nu-
trition of chickens was confirmed by O’Dell et al. (1958).
Zinc plays both structural and catalytic roles in metal-
loproteins (O’Dell, 1992). Zinc-containing proteins are
present in more than 160 enzymes among different spe-
cies (Siegel, 1983 — cit. Kidd et al., 1996).

The utilization of zinc of feedstuffs is not always
constant when fed to the same type of animals and may
be dependent on a number of factors.

Until now, relatively little attention has been paid to
sexual dimorphism. In experiments by Sebastian et al.
(1996) the differences in relative retention of zinc esti-
mated in females and males were not significant. In
experiments by Mohanna and Nys (1997) the concen-
trations of zinc in the whole broiler carcasses were not
affected by sex of chickens but decreased from 11 to
40 days of age. Utilization of received Zn in the same
time interval decreased, similarly like in experiment by
Roberson and Edwards (1994) from 12 to 16 days.

In an experiment by Thiel and Weigand (1992) Zn
retention, as percentage of intake, markedly decreased
(P < 0.05) with increment in zinc intake but final Zn
content of the chicks increased. Yi et al. (1996) did not
find any significant differences in percentage of Zn

* This study was supported by the Ministry of Agriculture of the Czech Republic (Grant No. 6186/96).
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retention by adding Zn to the diet. The amount of Zn
retained in chicks significantly (P < 0.001) increased.
The objective of our experiment was to determine if
there is a sexual dimorphism in the utilization of this
element and how the utilization of zinc from the feed
mixture changes in the course of fattening of chicks. To
evaluate the effect of age as exactly as possible, it is
necessary to carry out a great number of estimations in
very short time intervals during a longer period of life.

MATERIAL AND METHODS

Effects of sex and age on utilization of zinc were
investigated within 15 subsequent, three-day balance
periods using Ross hybrid chickens during the growth
period from the 12th to the 56th day of age.

At the age of 7 days, the sexed chicks were divided
according to their body weight into 16 groups of 8 birds
each. Eight groups of females and eight groups of males
were kept in balance cages. Four groups of female and
four groups of male chickens were fed a commercial
broiler starter diet (BR 1) during the whole experimen-
tal period, while the remaining ones received BR 2, a prac-
tical type of finisher diet (Table I). Chromic oxide was
added to the diet as an indicator. The mixture BR 1
contained 228 g crude protein per kg dry matter and the
average content of AME,, estimated in 120 balance ex-
periments, was 12.64 MJ/kg. The contents of crude pro-
tein and AME_ per kg dry matter of BR 2 were 211 g

1. Composition of the diets (g/kg)

Ingredient BR | BR 2
Maize meal 400 560
Wheat meal 186 78
Soybean meal 256 200
Fishmeal 30 10
Meat-and-bone meal 0 50
Alfalfa meal 30 30
Dried skimmed milk 20 20
Torula yeast 20 10
Blood flakes 20 0
Cereal germs 15 0
Added fat 0 20
Supplementary premix® 10 10
Mineral premix" 10 10
Sodium chloride 3 2

* The premix supplied the following (mg/kg diet): retinyl acetate,
3.44; cholecalciferol, 0.025; DL-0-tocopherol acetate, 10; me-
nadione, 2; riboflavin, 3; hydroxycobalamin, 0.02; niacin, 10; pan-
tothenic acid, 4; DL-methionine, 1000; ethoxyquin, 125; coccidiostat
(Amprol Plus).

The premix supplied the following per kg diet: ground limestone
6.7 g; calcium phosphate 1.7 g; steamed bone meal 1.5 g; copper 4 mg;
iron 12 mg; zinc 25 mg; manganese 28 mg; iodine 0.4 mg
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and 13.88 MJ, respectively. Both mixtures contained
25 mg of zinc added as zinc oxide. Drinking water
contained 0.6-0.8 mg of zinc per litre. The pelleted
feed was supplied ad libitum. Chickens fed BR 1 re-
ceived in feed mixture and drinking water in average
96 mg of Zn per kg of consumed dry matter while birds
fed BR 2 only 83 mg of Zn. The body weight of chick-
ens was estimated at the end of each balance period.

Excreta were collected daily for each three-day bal-
ance period. The coefficients of utilization of zinc were
estimated using the chromic oxide indicator method.
When using this method, individual balance periods
can follow sequentially without periods of starvation.
The content of chromic oxide in feed and freeze-dried
excreta was estimated iodometrically (Mandel et al.,
1960), and that of zinc spectrophotometrically.

The analysis of variance and regression of determi-
ned values were performed according to Snedecor and
Cochran (1967).

For the expression of relation between zinc retained
in the body and live body weight of chicken a power
function was used (Brody, 1945)

Y =aXx’

where: Y - content of Zn in the body in ug
X - live body weight of chicken in g
a - extrapolation of ¥ for X = 1
b - allometric coefficient, ratio of the percentage change
in Y to the corresponding percentage change in X

RESULTS AND DISCUSSION

The average coefficients of utilization of zinc of
mixture BR 1 estimated in females and males were
0.232 £ 0.0149 (mean * standard error of the mean)
and 0.181 + 0.0219, respectively, and those of mixture
BR 2 were 0.202 = 0.0130 and 0.209 * 0.0141 in fe-
males and males, resp. Analysis of variance showed
that the effect of sex was insignificant (P > 0.05), as in
experiments by Sebastian et al. (1996). For diets contain-
ing 96 and 83 mg of zinc, the average coefficients of
retention, when involving values measured in both
sexes into the mean, were practically the same, 0.207 +
0.0137 and 0.206 + 0.0095, respectively. Similar re-
sults were obtained by Yi et al. (1996). It means that
199 £ 1.32 pg (BR 1) and 17.1 £ 0.79 pg (BR 2) of
zinc per each gram of consumed dry matter were re-
tained in the organism. The difference was insignificant
(P > 0.05).

The effect of age was highly significant (P < 0.01).
The dependence of Zn utilization coefficients upon age
of chickens in days was expressed by linear regression
equations

Y=0.360-0.00320 X; r = 0.362, P < 0.01 for females
Y =0.378 - 0.00608 X; r = 0.468, P < 0.01 for males
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Y=0.369 - 0.00464 X; r = 0.401, P < 0.01 for both sexes
and

¥Y=0.295 - 0.00266 X; r=0.346, P < 0.01 for females

Y =0.283 - 0.00210 X; r = 0.252, P < 0.05 for males

Y=0.289 - 0.00238 X; r = 0.297, P < 0.01 for both sexes

for mixtures BR 1 and BR 2, respectively. Similarly
like in experiments by Mohanna, Nys (1997) and Rober-
son, Hardy (1994), utilization of Zn decreased with the
increasing age in all cases. Regression coefficients were
significant (P < 0.05) or highly significant (P < 0.01). The
deviation from linearity was not significant (P > 0.05).
In chickens fed BR 1 and BR 2, the average contents
of Zn per 1 g of live weight gain were 38.6 + 2.59 pg
and 32.2 + 1.38 pg, respectively. The difference was
significant (P < 0.05). As in experiments by Thiel, Wei-
gand (1992) and Yi er al. (1996), Zn content in chick-
ens increased with the increasing intake of this element.
The influence of age manifested itself differently in
these two diets (Fig. 1). The relationship between Zn

o
[}

45 41

Content of Zn in pg
e

12 18 24 30 38 42 48 54
Age in days

[ =——83mg znper1kgofOM - - -96mgZnperikgofDM |

1. Content of Zn per 1 g of live weight gain

content (ug) in weight gain and age (d) of chickens
receiving a diet higher in this element, estimated in
120 balance experiments, was expressed by the straight
line equation

Y=50.7-0.347X

The regression coefficient was significant (P < 0.05),
the deviation from linearity was not significant (P > 0.05).
Mohanna and Nys (1997) observed a similar decrease
in chickens fed a mixture with high level of zinc. In the
case of lower Zn diet, the regression was markedly
non-linear. The reduction in the sum of squares of de-
viations tested against the mean square remaining after
curvilinear regression by F-test (Snedecor, Cochran,
1967) was significant (P < 0.05). The content per unit
of weight gain changed according to the equation

Y=6.3 + 1.676 X - 0.02350 X*
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The index of correlation (Iyy) was 0.234 (P < 0.05).
The parabolic equation reached its maximum at the
36th day of age. This suggests that the organism adap-
ted itself gradually to the utilization of Zn in dependen-
ce on a different supply of this element to satisfy Zn
requirement.

Relations of total amount of zinc in the body (Hg)
and body weight of chicken (g) were expressed by the
equation for all chickens fed the mixture

BR 1: ¥=60.3 X*%; I, = 0.835, P < 0.01
BR 2: ¥=40.7 X*%, I,,, =0.959, P < 0.01

The growth rate of the total amount of Zn in the orga-
nism was lower than that of body weight. The average
allometric coefficients were 0.95 + 0.033 and 0.97 +
0.008 for eight groups of chickens fed diets with 96 and
83 mg of Zn, respectively.
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SHORT COMMUNICATION

COLD-SHORTENING IN DIFFERENT OSTRICH MUSCLES
CHLADOVE ZKRACOVANI JEDNOTLIVYCH SVALU U PSTROSA

J. Sales', J. Horbanczuk?

1 University of Stellenbosch, Faculty of Agricultural Sciences, Department of Animal
Sciences, Matieland, South Africa

2 Polish Academy of Sciences, Institute of Genetics and Animal Breeding, Jastrzebiec,
Mrokow, Poland ¥

ABSTRACT: The state of contraction of ostrich muscles that were excised from the carcass within 30 minutes after bleeding
and subjected to cooling temperatures of 0—4 °C for 12 hours was evaluated by measuring sarcomere lengths. It was found
that only two muscles (M. iliotibialis lateralis and M. iliofemoralis) showed a high frequency of shortened (20-40%)
sarcomeres. However, these muscles presented Warner-Bratzler shear-force values that were similar to other muscles. These
results indicate the absence of cold-shortening in ostrich muscles despite removal of legs shortly after bleeding from the
carcass.

Keywords: ostrich muscles; cold-shortening; sarcomere lengths

ABSTRAKT: Méfenim délky sarkomer jsme hodnotili kontrakci svald u pstrosa, které byly do 30 minut po vykrveni
vyfiznuty z jateCného trupu a vystaveny chladicim teplotim 0-4 °C po dobu 12 hodin. Zjistili jsme, Ze pouze dva svaly (M. ilio-
tibialis lateralis a M. iliofemoralis) vykazovaly vysokou frekvenci zkracenych sarkomer (2040 %). Hodnoty Warner-Bratz-
lerovy stiiZné sily téchto svali byly vSak obdobné jako u ostatnich svali. Tyto vysledky naznaduji, Ze v pstrosich svalech

nedochézi ke zkracovéni vlivem chladu, a to i pfesto, Ze kon&etiny byly od trupu oddéleny v kritké dob& po vykrveni.

Klicovi slova: pstrosi svaly; zkracovani vlivem chladu; délka sarkomer

INTRODUCTION

Muscles that are cooled below 15 °C while the pH
is above 6.2 are still physiologically active. Tempera-
tures below 15 °C activate the release of Ca®*-ions
from the sarcotubular system. This activates contractile
actomyosin ATP-ase that causes contraction. Ca**-ions
cannot be reabsorbed at low temperatures by the sarco-
plasmatic reticulum, thus the muscle goes into rigor
mortis in a contracted state. This can cause a two- to
three-fold increase in toughness of meat (Lawrie, 1991).
Several researchers have determined the state of con-
traction of muscles by the measurement of sarcomere
lengths. The sarcomere can be described as the func-
tional ultrastructural unit of the myofibril. According
to Dutson and Pearson (1985) 40% contraction occurs if
sarcomeres are below 1.5 pm, 20-40% when 1.5-2.0 and
less than 20% contraction if sarcomeres are longer than
2.0 um. The relationship between cold-shortening and
tenderness is non-linear. Toughness of cooked meat de-
creases as shortening increases from 40-60%, because
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of the destroying of the microstructure at 60% shorten-
ing (Marsh, Leet, 1966).

Presently the slaughtering process of ostriches in
South Africa comprises the removal of legs from the
carcass within 30 minutes after slaughter and cooling
of these legs at 0—4 °C for 12 hours (Sales, Oliver-
-Lyons, 1996). The present study was conducted to in-
vestigate the possibility of cold-shortening of muscles
due to this practice.

MATERIAL AND METHODS

Six different muscles from 39 ostriches slaughtered
in the Oudtshoorn abattoir were used for the measure-
ment of sarcomere length. Ostriches were in the age
range of 8-14 months. Legs were removed in 30 min-
utes after killing and chilled for 12 hours at 0-4 °C
before muscles were excised. Five gram samples from
each muscle were cut into small pieces and homoge-
nised at low speed in 30 ml of chilled 0.25 M sucrose
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solution for 60 seconds. The suspension was examined
directly in a phase contrast microscope (10x ocular,
100x objective) and the mean sarcomere length of each
muscle was determined as the average length of 100
sarcomeres. Warner-Bratzler shear force was determi-
ned after cooking of two steaks (2.5 cm thick) from
each muscle, wrapped in a polyethylene bag for 50
minutes in a water bath maintained at 75 °C. Three
cores from each steak were removed parallelly to the
muscle fibres from the center portion of each steak, as
reported by Sales (1996).

RESULTS AND DISCUSSION
The frequencies (% of total) of sarcomeres in each

contraction state in the different muscles are presented
in Figure 1.
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I. Warner-Bratzler (WB) shear force values (kg) of different ostrich

les (means + dard errors; Sales, 1996)

Muscle WB shear-force (kg)
M. gastrocnemius pars interna 2.97°+ 0.529

M. femorotibialis medius 2.94°+ 0.623

M. ambiens 3.67°+ 1.195

M. iliotibialis lateralis 3.46° + 0.936

M. iliofibularis 4.44* + 0.988

M. iliofemoralis 2.64° % 0.988

¢ Values in column with different superscripts differ (P < 0.05)

A high frequency of shortened (20-40%) sar-
comeres was found in only the M. iliotibialis lateralis
and M. iliofemoralis. This can be explained by the po-
sition of hanging of the carcass. Initially it is hung by
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the feet and these muscles are not under stress. There-
after the carcass is hung by the wings, thus still no
stress on these muscles. Shortening is thus possible.
However, Warner-Bratzler shear-force values (Table I)
showed that these muscles were tender relatively to
other muscles. The lowest Warner-Bratzler shear-force
value (most tender) was presented by the M. iliofemo-
ralis. Furthermore, no correlation, either linear or quad-
ratic, was found between Warner-Bratzler shear-force
and sarcomere length in any muscle, presenting further
evidence that cold-shortening is absent in these muscles
(Sales, 1994).

The conclusion is, in spite of semi-hot boning by
removal of legs within 30 minutes after killing of os-
triches, cold-shortening is absent.
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VYUZITI KAPILARNI ELEKTROFOREZY V ANALYZE
KRMIV

USE OF CAPILLARY ELECTROPHORESIS FOR FEED ANALYSIS

P. Blatny', F. Kvasnitka®

lSpolana a.s., Qualified Chemistry Plant, Neratovice, Czech Republic
2 Institute of Chemical Technology, Prague, Institute of Food Preservation and Meat
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ABSTRACT: Papers dealing with the methods of capillary electrophoresis (CE) used to determine substances important in
farm animal nutrition are summarized in this review article. The substances are divided into three groups (natural ones,
additives and extraneous matters). Papers presenting analyses of real samples of feed raw materials, intermediate products
and end products are exclusively cited in the article. The principle of CE method is briefly described in an introductory
section. The article draws from 100 literary sources.

Keywords: analysis; feed; electrophoresis; isotachophoresis; capillary, review
ABSTRAKT: Tento piechledovy &lanek shrnuje prace tykajici se pouZiti metod kapildrni elektroforézy (CE) pro stanoveni

latek vyznamnych ve vyZivé hospodéiskych zvifat. Litky jsou rozdéleny do tfi skupin (pfirozené, aditivni a cizorod€).
Vyhradng jsou citovdny préce tykajici se analyz redlnych vzork krmivafskych surovin, meziproduktt a findlnich vyrobkd.

V tvodu je stru¢né popsan princip metod CE. Prace ¢erpa ze 100 literarnich zdroju.

Kli¢ova slova: analyza; krmivo; elektroforéza; izotachoforéza; kapildrni; review

Uvod

Kapilarni elektroforéza (Foret et al., 1993) je dyna-
micky se rozvijejici oblasti analytické chemie. Je to
analytickd metoda, umoZiiujici separace ionogennich 14-
tek i litek neionogennich. Mezi metody kapilarni elektro-
forézy patfi:

— kapilarni zonova elektroforéza (CZE)

— kapilarni izotachoforéza (CITP)

— kapilarni gelova elektroforéza (CGE)

— kapilarni izoelektricka fokusace CIEF)

— miceldrni elektrokineticka kapilarni elektrochroma-
tografie (MEKC)

— kapilarni elektrochromatografie (CEC).

Kapilarni zénovi elektroforéza je principialné nej-
jednodussi metodou (modem) kapilarni elektroforézy.
Separa¢ni kapilara je naplnéna roztokem zakladniho
vzorku. Po nadavkovani vzorku do kapilary se na ka-
pilaru vloZzi napéti. Jednotlivé slozky roztoku, migrujici
riznou rychlosti (imérnou své efektivni pohyblivosti),
se vydéli do z6n, které jsou detegovany. Schéma sepa-
race a vyvoje koncentracnich profili zén je na obr. 1.
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Kapilarni zénové elektroforéza umoZiiuje souCasnou se-
paraci anionta i kationtd. Neionogenni latky jsou uné-
eny elektroosmotickym tokem v z6né nastfiku, a tudiz
se neseparuji. Kazda z6na obsahuje kromé slozky jesté
ionty zakladniho elektrolytu (protion a koion), jejichZ
koncentrace je zpravidla o nékolik fadu vys$i neZ koncen-
trace vlastniho iontu. Zakladni elektrolyt vede v podstaté
viechen elektricky proud prochazejici kapilarou. Mél
by mit dostate¢nou pufraéni kapacitu, nizkou absorpci
svétla (pfi pouZiti pfimé UV detekce) a nizkou vodi-
vost (z ¢ehoZ prameni nizky vyvoj Joulova tepla). Vo-
divost roztoku v kapiléfe zustava prakticky béhem ce-
lého separaéniho d&je konstantni a tudiZ i potencidlovy
spad se béhem separace neméni. Kritériem separovatel-
nosti dvou iontl je jejich relativni rozdil efektivnich
pohyblivosti u, definovany jako

Hy-ily Aliyg

Au =

r

L) L

V izotachoforéze (Bocek et al., 1987) se pouZivé
systému dvou elektrolytd, tzv. vedouci a koncovy elek-
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1. Schéma separace litek pifi zénové elektroforéze. (a)-(c) situace
uvnitf kapildry naplnéné zikladnim elektrolytem (BGE) a naddvko-
vanou smési latek A a B. (d)—(f) koncentraéni profily podél kapiliry
(d) na za&itku separace, (e) a (f) v prib&hu separace. Pfevzato z li-
teratury (Blatny, 1996) — Diagram of separation of substances by
zone electrophoresis. (a)-(c) state inside a capillary filled with back-
ground electrolyte (BGE) and dosed mixture of substances A and B.
(d)~(f) concentration profiles along the capillary (d) at the beginning
of separation, (e) and (f) during separation. Taken over from literary
sources (Blatny, 1996)

trolyt. Vedouci elektrolyt obsahuje vedouci ion (v anion-
tové analyze anion, v kationtové kation) a protion (v anion-
tové analyze kation, v kationtové anion). Vedouci elek-
trolyt je zvolen tak, Ze efektivni pohyblivost vedouciho
iontu je vétsi, neZ jsou efektivni pohyblivosti stanovo-
vanych latek. Protion byva zpravidla slaba béaze (anion-
tovy méd) nebo slaba kyselina (kationtovy maéd) a je
zvolen tak, aby s vedoucim iontem tvofil tlumici smés
(pufr) o daném pH. Koncovy elektrolyt je zvolen tak,
aby v ustdleném stavu platilo, Ze efektivni pohyblivosti
latek, které se budou separovat, lezi mezi efektivnimi
pohyblivostmi vedouciho a koncového iontu. Schéma
principu separace latek v izotachoforéze je na obr. 2.
Na zadatku izotachoforetického experimentu se kapila-
ra naplni vedoucim elektrolytem. Vzorek se nadavkuje
do rozhrani mezi vedoucim a koncovym elektrolytem.
Po vloZeni elektrického pole se vSechny ionty v roztoku
za¢nou pohybovat k pfisluSnym elektroddm. Ze z6ny
vzorku (dale smésné zdny) se vydéluje rychlejsi slozka
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2. Schéma izotachoforetické separace. (a)—(c) situace uvnitf kapilary
naplnéné vedoucim elektrolytem L, koncovym elektrolytem T
a vzorkem A+B nadivkovanym do rozhrani L-T. (d)—(f) koncen-
traéni profily podél kapildry, (d) na zacitku separace, (e) pred
dosaZenim ustileného stavu, (f) po dosaZeni ustileného stavu.
Pfevzato z literatury (Blatny, 1996) — Diagram of isotachophoretic
separation. (a)-(c) situation inside a capillary filled with leading
electrolyte L, terminating electrolyte T and sample A+B dosed onto
the boundary L-T. (d)—(f) concentration profiles along the capillary
(d) at the beginning of separation, (e) before the steady state is
reached, (f) after the steady state has been reached. Taken over from
literary sources (Blatny, 1996)

(A) a za zadnim rozhranim zény vzorku se opozduje
pomalejsi slozka (B). V dal§im pribéhu separace se
Cisté z6ny sloZek A i B prodluZuji a zkracuje se smésna
z6na. Po urcité dob& dojde k iplnému rozdéleni sloZzek
A i B a smésné z6na zcela zmizi. Tento stav, kdy mezi
vedoucim a koncovym elektrolytem se nachazeji jen
zony Cistych slozek, se nazyva ustilenym stavem. V usta-
leném stavu jsou zony sefazeny podle svych klesajicich
efektivnich pohyblivosti a pohybuji se kapildrou stej-
nou rychlosti v (odtud nézev izotachoforéza). Matema-
ticky se tato skuteGnost da vyjadfit jako

v=ity E, =iy Ey =tig Eg=Tip Ey

kde u, je efektivni pohyblivost litky x, E, potencia-
lovy spad v z6né x. Rovnice je vyjiddienim tzv. obecné
izotachoforetické podminky. Izotachoforetické zény ob-
sahuji kromé protiiontu pouze ionty jediné latky. Kon-
centrace iontl ve svych zénédch jsou uréeny sloZenim
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vedouciho elektrolytu a jsou zcela nezavislé na pivodni
koncentraci ve vzorku. Znamena to tedy, Ze koncentro-
vané sloZky se nafedi a ziedéné se zakoncentruji. Na-
sledujici rovnice je nejcastéji pouZivanym tvarem tzv.
Kohlrauschovy regulani funkce pro ustéileny stav:

up+Hup o, E

ATy, uy +uy 124l

kde ¢, je koncentrace iontu x v ustileném stavu, u,
aktualni pohyblivost iontu x a z, nibojové &islo iontu
x. Symboly A, L a R se vztahuji k analytu, vedoucimu
iontu a protiiontu. Z6ény jsou od sebe rozd&leny ostrymi
rozhranimi, na kterych dochazi k tzv. samozaostiu-
jicimu efektu. Na rozhrani mezi zénami dochazi ke
skokovym zménam koncentraci, coz vede k difuznim
tokiim iontli ze své zény do z6ny sousedni: Napf. ion A
(viz obr. 2) se ve své z6n& pohybuje rychlosti v =
Ejuy. Vnikne-li tento ion difuzi do zény vedouciho
elektrolytu (L), sniZi se jeho rychlost na v = Ejuy (Ej,
< E,) a ion se okamzité vrati do své zény. Vnikne-li
naopak ion A do nasledujici zony B, zvysi se jeho ry-
chlost na v = Eguy (E4 < Ep) a ion se opét vréti do své
z6ny. Od z6ny k zoné se také méni skokem fada fyz-
ikalné& chemickych vlastnosti (specifickd vodivost, poten-
cidlovy spad, teplota, pH, efektivni pohyblivost iontu,
soudin celkové koncentrace iontu a jeho efektivniho
naboje, koncentrace protiiontu).

Kapilarni gelova elektroforéza je vlastn& kapilarni
zénovou elektroforézou ve vhodné gelové matrici. Se-
paraénim principem této techniky kapildrni elektroforé-
zy je tedy migrace nabitych Eastic v prostiedi moleku-
larniho sita vlivem vloZeného potencidlového spadu.
Princip metody je ziejmy z obr. 3. Prvni prace publi-
kované o kapilarni gelové elektroforéze byly inspirova-
ny klasickou gelovou elektroforézou, ve které probiha
separace ve struktufe v pfirodé se vyskytujiciho nebo
uméle vyrobeného polymeru, ktery tvofi trojrozmérnou
sit. Tyto systémy aplikované v kapilarnim méfitku
(Hjertén, 1983; Cohen, Karger, 1987) vykazovaly pro
separace DNA enormné vysokou t¢innost, piesahujici
v mnohych pfipadech milion teoretickych pater. Apli-
kace takovychto 3D geli (nejcastéji zesitény PAA) ma

B+A a)

3. Schéma prib&hu separace Eastic lisicich se velikosti v CGE.
(a) stav na poétku separace, (b) stav b&hem separace. Pfevzato z li-
teratury (Heiger, 1992) — Diagram of separation of particles of dif-
ferent size by CGE. (a) state at the beginning of separation, (b) state
during separation. Taken over from literary sources (Heiger, 1992)
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viak nékolik zavaZnych nevyhod. Pfedevsim je to malé
reprodukovatelnost piipravy gelem plnénych kapildr
a jejich pomérné kratka Zivotnost. PouZitd gelova mat-
rice viak nemusi mit strukturu rigidniho gelu, nybrz
muzZe mit i povahu roztoku linearniho polymeru. Pokud
totiZ koncentrace linearnich polymert pfekro&i ur€itou
hranici (tzv. overlap thrashold), dochazi k vzdjemné
interakci fetézcu linearnich polymert a vysledna struk-
tura umoZiiuje separovat molekuly podle velikosti, po-
dobné& jako zesiténd rigidni struktura gelu (Kenndler,
Poppe, 1994). Vyhodou téchto tzv. ,.entangled polyme-
ru“ je pfedevsim fakt, Ze s roztoky linedrnich polymert
se manipuluje podobné& jako s b&Znymi elektrolyty po-
uzivanymi v CZE, od kterych se li§i pouze viskozitou.
Jako lineérni polymery se v CGE pouZivaji pfedev§im
linearni PAA a modifikované celulézy. Tento méd ka-
pilarni elektroforézy slouZi k separaci makromolekul
(proteint, fragmenti nukleovych kyselin). Makromole-
kuly od urcité velikosti nelze totiZ separovat pomoci
volné z6énové elektroforézy vzhledem ke konstantnosti
poméru naboje a hmotnosti makromolekuly. Pro sepa-
race proteini se vétSinou nepouZivaji nativni proteiny,
nybrZ jejich komplexy s SDS. Tyto komplexy eliminuji
rozdily v efektivnich nabojich zavislych na pH a udili
proteinim konstantni pomér niboje ku hmotnosti. Se-
parace takovych komplexu je pak zaloZena pouze na
rozdilech ve velikosti molekul.

Principem kapiléarni izoelektrické fokusace (CIEF)
(Ridghetti, Gelfi, 1994) je separace amfolyti v pH gra-
dientu na zdkladé rozdilnych hodnot jejich izoelektric-
kych bodu (pI). Princip je schematicky vysvétlen na
obr. 4. Vzorek (vét§inou protein) se aplikuje ve smési
se zdkladnim amfolytem, ktery obsahuje smés pokryva-
jici spojité kyselé, neutrdlni aZ zasadité amfolyty, jiny-
mi slovy pI hodnoty téchto amfolyti definuji vytvoreny

Ve %=0 v

4. Schéma separace pii izoelektrické fokusaci. Molekula proteinu (P)
migruje v linearnim gradientu pH, aZ dosihne polohy s nulovym
celkovym ndbojem, kde se zastavi. Pfevzato z literatury (Heiger,
1992) — Diagram of separation by isoelectric focusing. Protein mole-
cule (P) migrates in linear gradient pH until it reaches the position
with zero total charge where it stops. Taken over from literary
sources (Heiger, 1992)
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gradient pH v kapilafe. Touto smési se naplni celd se-
para&ni kapilara. V nékterych pfipadech se vzorkem pl-
ni pouze &ast kapilary. V elektrodovych nadobkéch je
na anodické stran& kysely roztok (nejcastéji kyselina
fosfore&nd), zatimco na strané katodické roztok bazicky
(nejéast&ji hydroxid sodny). Po aplikaci potencidlového
spadu na kapilaru zacnou kapildrou putujici oxoniové
a hydroxidové ionty reagovat s molekulami amfolyti
a zpusobi jejich migraci. BEéhem migrace se sniZuje efek-
tivni pohyblivost (a tim i rychlost) amfolyti, protoZe
neustéle klesa celkovy ndboj amfolytu vlivem utvareji-
ciho se gradientu pH, aZ amfolyt dosahne v kapilafe
mista, kde je jeho celkovy naboj nulovy, a dile se uz
nepohybuje. Po uréité dobé dojde k ustaveni ustdleného
stavu, ve kterém vSechny amfolyty dosdhnou polohy
v kapildfe odpovidajici jejich izoelektrickému bodu
(pH = pl). Ustaleny stav se projevi poklesem proudu
prochazejiciho kapildrou k nulové hodnoté. V tomto
stavu neni oviem mozZné provést detekci — ta se provadi
aZ po tzv. mobilizaci. Cilem mobilizace je prichod fo-
kusovanych amfolyti detektorem. Lze toho doséhnout
napf. aplikaci tlaku, ktery vytlati amfolyty ven z kapi-
lary pies detektor. Pokud to pouZité instrumentace do-
voluji, provédi se tato mobilizace za souCasné aplikace
napéti na kapilaru, coZ zarucuje, Ze amfolyty zistanou
fokusovany a nedojde k piipadnému difusnimu rozmy-
ti fokusovanych zén. Jinym zpiisobem je tzv. chemicka
mobilizace, kterd se muZe provadét dvéma zpisoby.
Zaménou bize v elektrodové nadobce katody za kyse-
linu nebo zaménou kyseliny v elektrolytové nadobce
anody za bazi. Druhym zpisobem chemické mobilizace
je pak zdmeéna jedné z elektrolytovych nadobek za roz-
tok soli (napi. NaCl). Pokud se roztokem soli nahradi
anolyt, probiha mobilizace smérem k anodé a naopak.
Cela metoda kapilarni izoelektrické fokusace ma tedy
dvé faze, a sice fazi vlastni fokusace a fazi detekce,
ktera je v tomto pfipadé vlastné synonymem mobiliza-
ce. Existuji i postupy, kdy se cely proces provadi v jed-
nom kroku. Jedné se o soucasné vloZeni napéti a tlaku
na kapilaru, pfipadné se vyuZiva elektroosmotické mo-
bilizace. Vzajemna separovatelnost dvou latek je dina
minimdlnim rozdilem pI hodnot dvou amfolyti vedouci
k rozlieni R = 1. Plati, Ze

Z rovnice vyplyva, Ze vysoké rozliSovaci schopnosti
CIEF je dosaZeno minimalizaci smérnice pH gradientu
v kapilére, aplikaci vysokych potencidlovych spiada na
kapilaru, fokusaci litek s nizkym difuznim koeficien-
tem a velkou zmé&nou pohyblivosti v okoli izoelektrické-
ho bodu (duy/d(pH)). Ve $pickovych pfipadech je mozné
rozlisit proteiny liSici se o 0,005 pI jednotek.

Micelarni elektrokineticka kapilirni chromatogra-
fie (MEKC) je technika kombinujici princip kapilarni
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5. Schéma separace neutrélnich litek v miceldrni elektrokinetické
kapilarni chromatografii. N = neutrélni litka neinteragujici s micelou,
P = neutrdlni latka distribuujici se mezi miceldrni pseudostacionérni
fazi a zdkladni elektrolyt, F = neutrdlni latka vyskytujici se pouze
v miceldrni fazi. Pfevzato z literatury (Heiger, 1992) — Diagram of
separation of neutral substances by micellar electrokinetic capillary
chromatography. N = neutral substance not interacting with micelle,
P = neutral substance distributed between micellar pseudostationary
phase and basic electrolyte, F = neutral substance occurring in micel-
lar phase only. Taken over from literary sources (Heiger, 1992)

z6nové elektroforézy a miceldrni kapalinové chromato-
grafie. Ve své podstaté je to chromatografie s pohybu-
jici se pseudostacionirni micelarni fazi a s elektro-
osmoticky pumpovanou mobilni fazi. Schematicky je
princip separace vysvétlen na obr. 5. MEKC pouZiva
zékladni elektrolyt s vhodnou povrchové aktivni latkou
v koncentraci vySSi, neZ je tzv. kriticka micelotvorna
koncentrace (CMC). Povrchové aktivni litka se v kon-
centracich niZ§ich nez CMC chova jako normalni elek-
trolyt. Po ptekroceni ur€ité mezni koncentrace (CMC)
dojde vSak k prudké zméné nékolika fyzikalnich vlast-
nosti, jako jsou osmoticky tlak, elektrickd vodivost a po-
vrchové napéti. Tyto zmény jsou zpisobeny tvorbou
agregati — micel. V hydrofilnim (vodném) prostfedi
zékladniho elektrolytu se orientuji hydrofobni fetézce
povrchoveé aktivnich latek dovnitf micely, zatimco hydro-
filni skupiny jsou orientovany vné do vodného prostiedi.
Micela urdité povrchové aktivni litky je charak-
teristickd po¢tem asociovanych molekul, kterému se fi-
ké agregaéni ¢islo.V takto vytvorené hydrofobni kavité
micely se mohou rozpous$tét hydrofobni ¢astice z ana-
lytu. Povrchové aktivni latka miZe byt kationaktivni,
anionaktivni nebo neionogenni. Aplikaci potencialové-
ho spadu na kapildru dojde k migraénimu toku micel
a k elektroosmotickému toku prostiedi, ktery ma zpra-
vidla opa¢ny smér a vétsi velikost. Vysledny separa¢ni
princip je tedy sloZen z migrace Castice ve volném roz-
toku a z distribuce ¢astice mezi volnym roztokem a mi-
celarni pseudofazi. Tento méd kapilarni elektroforézy
tedy umozZiiuje separovat i ¢astice, které nenesou néboj,
a zarovei je to mod kapildrni elektroforézy, pro ktery
je relevantni pojem reten¢ni ¢as. Tak jako v chromato-
grafii i v MEKC je definovén pro analyzovanou slozku
jeji kapacitni faktor k’ jako

K= o

Rag
kde indexy latkovych mnoZstvi odpovidaji micelarni
pseudofazi a vodné fazi zakladniho elektrolytu. Kapa-
citni faktor tedy muZe nabyvat hodnot od nuly do ne-
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kone¢na. Nulova hodnota pfislu$i neutrdlnimu analytu,
ktery s micelarni pseudofazi neinteraguje, zatimco hod-
nota kapacitniho faktoru nekoneéno vyjadfuje
skute€nost, Ze neutrdlni analyt je piitomen prakticky
pouze v miceldrni pseudofazi. Retencni Cas 2, latek
s nulovym kapacitnim faktorem je potom

L

€0

th= =
0= teo u E
zatimco retencni Cas latky s kapacitnim faktorem ne-

koneéno je

o Gl o 1
" (“en + Hme) E

pricemz v obou pripadech je L efektivni délkou ka-
pilary (délka od ddvkovaciho konce k detektoru), u,,
je elektroosmotickd pohyblivost a u,,. je pohyblivost
micel.

Retencni ¢as neutralni latky, ktera se distribuuje me-
zi obé faze, je potom dén jako

o 1+k’ "
R T4 /1,0 K ©

Nadavkovanim hydrofilniho EOF markeru, ktery ne-
bude interagovat s micelou spolu s markerem, ktery
bude totdlné retardovin, je tedy moZné experimentalné
zjistit ¢asové okno (viz obr. 6), ve kterém se eluuji
neutralni latky.

RozliSeni v MEKC je definovano vztahem

=lNa—l ( k’Z 1 l_to/[mc
TATL e k(14 G/ twd Ky

kde symbol a je tzv. separaéni faktor dany pomérem
kapacitnich faktor obou separandi. MEKC byla vy-
vinuta pro stanoveni neutralnich latek kapilarni elektro-
forézou. Pro iontové &astice prinasi MEKC dal3i sepa-
ragni rozmér. Cistice, které se pohybuji samy

casové okno pro separaci

neutralnich latek
EOF solut micely
to & e

6. Schéma ¢asového okna na elektroforegramu pro migraci neutral-
nich litek v MEKC. Pfevzato z literatury (Heiger, 1992) — Diagram
of time blank in electrophoregram for migration of neutral sub-
stances in MEKC. Taken over from literary sources (Heiger, 1992)
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v elektrickém poli, se mohou navic je$t¢ distribuovat
mezi roztok zakladniho elektrolytu a micely, ¢imZ
muZe byt v fadé pripadi feSena separace latek, které se
pouhou zénovou elektroforézou neseparuji. Pokud tedy
napi. v MEKC s elektroosmotickym tokem ke katodé
migruji i ionogenni latky, pak kationty maji migracni
¢asy menSi neZ #, jako v klasické CZE, zatimco anionty
s efektivni pohyblivosti mensi neZ je pohyblivost micel
migruji v separaénim okné pro neutrélni latky (7 < 7,
< t,,.)- Anionty s efektivni pohyblivosti vét§i maji mi-
gracni Casy VEtSi neZ 1.

Kapilarni elektrochromatografie (Knox, Grant,
1987, 1991) (CEC) je médem kapilarni elektroforézy,
ktery je svym principem nejbliZe kapalinové chromato-
grafii. Separaéni princip CEC je nazorné vysvétlen na
obr. 7. Jediny rozdil ve srovnani s kapalinovou chro-
matografii spociva ve zpusobu, jakym se pies kolonu
nechédva protékat mobilni fize. Zatimco v kapalinové
chromatografii zpisobuje tok mobilni faze tlakovy rozdil
(vyvolany vétSinou chromatografickou pumpou), u ka-
pilarni elektrochromatografie je tok mobilni faze vyvolan
aplikaci vysokého napéti na kapilaru a je tedy totoZny
s elektroosmotickym tokem. Separace latek je déna je-
jich rozdilnou distribuci mezi staciondrni fazi, kterou je
naplnéna kapiléra, a fazi mobilni. Elektrochromatografie
ma proti klasické kapalinové chromatografii tu vyhodu,
Ze elektroosmoticky tok mobilni fize ma linearni rych-
lostni profil, coZ umoZiiuje dosahovat pfi separacich
nékolikandsobné vysSich dcinnosti. PouZitim rozdilnych
naplni kapilary je moZné ménit selektivitu analyzova-
nych latek.

APLIKACE METOD CE V ANALYZE KRMIV

Aplikace CE nachézeji uplatnéni piedeviim v bioche-
mii, farmacii, v analyze Zivotniho prostfedi a Caste¢né
i v analyze potravin. Analyza krmiv je$t€ donedidvna
nebyla typickou aplika¢ni oblasti CE, nicméné v posledni
dobé lze i v této oblasti sledovat narast publikaci.

Ta o0 P ODEGOED S D
B HF DD S BROEDB OGP
oot vecsreeD e
HHEDOOLOCOISDD G
Olewpees’h s0s e 880 6Q
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7. Schéma principu separace v kapildrni elektrochromatografii. Latky
se distribuuji mezi staciondrni fazi (s), kterou je naplnéna kapildra,
a fazi mobilni (m). Pfevzato z literatury (Blatny, 1996) — Diagram
of the principle of separation by capillary electrochromatography.
The substances are distributed between the stationary phase (s) the
capillary is filled with and the mobile phase (m). Taken over from
literary sources (Blatny, 1996)
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Krmivem se nazyvaji latky rostlinného, Zivo&i$ného
nebo minerélniho pivodu nebo jejich smési, které v ob-
vyklych davkich nepusobi $kodlivé na zdravi hospo-
datskych zvifat ani na kvalitu jejich produktd (maso,
mléko, vejce apod.). Jsou to napf. suroviny, kompletni
a doplitkové krmné smési, mineralni nebo mineralng-
-vitaminové smési, premixy anorganickych a organic-
kych latek nebo ltek se specifickymi biologickymi Gi¢in-
ky. Z analytického hlediska pfedstavuje krmivo komplex-
ni a zna¥né& heterogenni matrici, coZ vyrazné komplikuje
analytické stanoveni liatek v ném obsaZenych. Pro pre-
hlednost budou latky stanovené metodami kapildrni
elektroforézy rozdéleny do tfech hlavnich skupin:

— pfirozené latky v krmivech
— krmivarska aditiva
— cizorodé latky.

Na tomto misté je nutné pfipomenout, Ze citoviny
jsou vyhradné préce, které popisuji stanoveni latek v reél-
né matrici. Separace modelovych smési nejsou v této
praci zmifiovény.

Stanoveni pFirozenych ldtek v krmivech

Za prirozenou latku v krmivech Ize oznacit takovou
latku, ktera je pfirozenou soucasti krmiva nebo jeho
slozky a jejiZ pritomnost nezpisobil nahodily kontakt
s prostiedim, pfipadné zamé&rné piidani do krmné smési.

Nutri¢ni latky

Jako latky nutri¢ni lze oznacit takové latky, jejichz
obsah v krmivu je Zadouci z hlediska nutri¢ni hodnoty
krmiva. Kapilarni izotachoforéza a kapilrni zénova
elektroforéza jsou metody zaloZené na migraci nabi-
tych éastic vlivem vloZeného stejnosmérného elektric-
kého pole na kapildru. Tento separaéni princip pfimo
predurcuje vyuZiti téchto metod pro stanoveni kationic-
kych (K, Na, Ca, Mg) i anionickych (chlorid, siran,
fosfore¢nan) mineralnich latek v extraktech ¢i minera-
lizatech krmiv. Kapilarni izotachoforéza byla pouZita
ke stanoveni alkalii (K, Na, Ca, Mg) v extraktech rostlin-
nych materiali. Zelensky et al. (1989) vyfesili separaci
té€chto kationti pouZitim polyetylenglykolové pseudo-
faze. Obdobny systém byl aplikovan i pro stanoveni
téchto kationti v mineralizatech krmnych smési (Ze-
lenska et al., 1991). Kapilarni izotachoforézou byl vedle
zminénych kationtli stanoven i amonny ion v sildZich
(Blatny et al., 1997) a senaZich. Kapilarni zénovou elek-
troforézou s nepiimou UV detekci byly stanoveny mine-
rdlni latky v raznych extraktech rostlin a potravin (Yang
et al., 1995; Harms, Schwedt, 1994).

Stanoveni organickych kyselin je povaZovéano za hlav-
ni aplikacni oblast kapilarni izotachoforézy. V analyze
krmiv je tato metoda spjata zejména s analyzami kyse-
lin v silaZich. Prvni publikovanou praci zabyvajici se tou-
to problematikou byla prace autorii Bocek et al. (1978).
Jimi aplikovany vedouci elektrolyt s urotropinem jako
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protiiontem se oviem neukdzal jako pfili§ vhodny pro
tento Gcel. Pravdépodobné nejuzivanéj$im elektrolyto-
vym systémem pro tento Géel je systém autord Stransky
a Dostal (1986), ktery umoZiiuje stanovovat s minimél-
ni predipravou vzorku silaZe jak tékavé mastné kyse-
liny, tak i nékteré dalSi organické a anorganické kyse-
liny. Lutonska (1990) srovnanim s klasickou destilaéni
metodou zjistila vyrazné vyssi pfesnost kapildrni izota-
choforézy pro stanoveni kyseliny mlé&né, octové a mé-
selné v silazich. Kapilarni zénovou elektroforézou byly
stanoveny kyselina hippurova a orotova v syrovitce
(Tienstra et al., 1992).

Metodu stanoveni dansylderivatd aminokyselin mice-
larni elektrokinetickou kapildrni chromatografii v hyd-
rolyzatech krmiv a kuZi publikovali Michaelsen et al.
(1994). Nékteré aminokyseliny se pfidavaji do krmiv
za ucelem zvySeni jejich nutriéni hodnoty. Tyto metody
budou zminény v &asti vénované stanoveni krmivai-
skych aditiv.

Pomérné vyznamny pocet praci je vénovan separa-
cim bilkovin kapilarni elektroforézou. Bilkoviny syro-
vatky byly separovany ve fosfatovém pufru za nizkého
pH (2,5) pomoci CZE (Otte et al., 1994), pfipadné jako
SDS (dodecyl sulfat sodny) komplexy pomoci CGE
v linearnim polymeru polyetylenglykolu (Cifuentes et
al., 1993). Byly publikovany i metody separace bilko-
vin syrovétky i kazeinu. Separace byly provedeny ve
fosfatovych (pH 6,0-9,0) (Chen Fu-Tai, Zang Ji-Hong,
1992) a boratovych (pH 10,0) (Chen Fu-Tai, Tusak,
1994) pufrech. Za nizkého pH v kapilarach s hydrofilné
upravenou sténou kapilary a aditivem (modifikované
celulozy, PVA — polyvinylalkohol) v zakladnim elektro-
lytu byly separovany mlécné (Jong et al., 1993) i sgjo-
vé bilkoviny (Kanning et al., 1993). Ve tfech posledné
citovanych metodach obsahoval zdkladni elektrolyt mo-
¢ovinu, kterd zabraiiovala tvorbé micel u bilkovin ka-
zeinu a umoZiiovala tim vzdjemnou separaci bilkovin
kazeinu. Metodu charakterizace séjovych bilkovin a je-
jich enzymovych hydrolyzati vyvinuli Wong er al.
(1994). Metoda byla navrZena i pro monitorovani pra-
béhu enzymovych hydrolyz séjovych bilkovin. Kapilarni
elektroforéza byla také pouzita jako metoda k identifi-
kaci a klasifikaci vyznamnych plodin. Byly publikovany
metody, kdy srovnanim elektroforetickych spekter bil-
kovin gliadind Ize ur¢it odridy pSenice. Nierle (1988)
publikoval izotachoforetickou metodu pro urovani od-
rad pSenice. Vzhledem ke Spatné reprodukovatelnosti
dané adsorpci proteinit na sténu teflonovych kapilar vSak
metoda nenasla pfiliSnou odezvu. Werner et al. (1994)
pouZili pro separaci gliadin jejich SDS komplexy, kte-
ré separovali v laktatovém pufru (pH 2,3) v matrici li-
nearniho polymeru. Lookhart a Bean (1995) pouZili pro
identifikaci odrad pSenice separaci gliadini ve fosfato-
vém pufru s bliZze nespecifikovanym aditivem. Metodu
pro identifikaci odrid Phaseolus vulgaris publikovali
Dinelli a Bonetti (1992).

Kapilarni elektroforéze sacharida byla vénovana po-
mérné velka pozornost. Drtivd vétSina publikovanych
praci (Oefner et al., 1994) se ovSem vénuje spiSe sepa-
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racim modelovych smési, derivatizacim za ucelem vne-
seni niboje, chromoforu nebo fluoroforu do molekuly
sacharidu, pripadné aplikaci amperometrické detekce
(Col6n et al., 1993). Stanoveni sacharidi kapilarni elek-
troforézou totiZ naraZi na nékolik zdvaznych problému,
z nichZ asi nejzdsadnéjsi je velmi nizkd koncentra&ni
citlivost ve srovnani s kapalinovou chromatografii. Nic-
méné v pfipadé komercni dostupnosti aparatur s ampe-
rometrickou detekci 1ze odekdvat i narust praktickych
aplikaci. Metodu stanoveni oligosacharidu v extraktech
lusténin vyvinula Soerensenova skupina (Arentoft et
al., 1993). Brewster a Fishman (1995) publikovali ka-
pilarné elektroforetickou metodu stanoveni $krobu jako
komplexi s jodem a navrhli tuto metodu k charakterizaci
rostlinnych $krobu.

Stanoveni lipidii neni pravé typickou oblasti aplika-
ce kapilarni elektroforézy. V praci autort Ingvardsen et
al. (1994) jsou stanoveny fosfolipidy v s6jovych bo-
bech a semenech fepky.

Stejné jako v pfede$lém pfipadg, i u separaci vita-
mina kapilarni elektroforézou se Nishi et al. (1989)
a Jegle (1993) zabyvali spiSe modelovymi separacemi
neZ jejich stanovenim v redlnych vzorcich. Celkové L-as-
korbova kyselina v zeleniné (Thompson, Trenerry, 1995)
byla stanovena miceldrni elektrokinetickou kapildrni
chromatografii. Estery cholinu s aromatickymi kyseli-
nami byly stanoveny v semenech (Bjergegaard et al.,
1993) rostlin Hesperis matronalis a Sinapis alba mice-
larni elektrokinetickou kapilarni chromatografii.

Antinutriéni latky

Antinutri¢nimi latkami rozumime slozky krmiva, které
jsou z hlediska vyZivy nezadouci. Tyto latky mohou
byt samy o sobé toxické, pfipadné svoji pfitomnosti
sniZuji vyuZiti nutriénich latek v krmivech obsaZenych.
Byly publikovany izotachoforetické metody stanoveni
Stavelové kyseliny v zeleniné (Kikunaga, Takahashi,
1985) a fytové kyseliny v cerealiich (Kikunaga et al.,
1985) a krmivech (Blatny et al., 1995). Posledn& jmeno-
vand price umoziiuje na rozdil od pfedchozi separovat
fytovou (myo-inositol hexafosforetnou) kyselinu od ky-
seliny myo-inositol pentafosforedné.

Stanoveni glukosinolati tvori pomérné rozsahlou sku-
pinu aplikaci kapilarni elektroforézy. Prvni préci publiko-
val Klein (1981), ktery kapilarni izotachoforézou stanovil
glukosinolaty sinalbin a sinigrin v semenech Sinapis
alba, Brassica juncea a Brassica nigra. Studiem glukosi-
nolatt se systematicky zabyvala skupina prof. Soerense-
na. Vysledkem tohoto vyzkumu byly publikace tykajici
se optimalizaci separacnich podminek micelarni elektro-
kinetické kapildrni chromatografie pro stanoveni glukosi-
nolatd v realnych vzorcich (Michaelsen et al., 1992;
Feldl et al., 1994) i prace popisujici absorpci a degra-
daci glukosinolat v zaZivacim traktu hlodavci, zjisto-
vanou pomoci HPLC a HPCE (Michaelsen et al., 1994).

Micelarni elektrokinetickou kapilarni chromatografii
byly stanoveny Kunitziv inhibitor trypsinu a Bowma-
ntiv-Birktv inhibitor trypsinu a chymotrypsinu v séji.
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Metoda autori Arentoft et al. (1993) umoZiiuje i stu-
dium komplext protedz s inhibitory.

V literatufe je moZné nalézt pomérn€ vyznamné mnoz-
stvi kapilarné elektroforetickych metod stanoveni fla-
vonoidnich latek. Tyto litky jsou zde zafazeny mezi
antinutri¢nimi latkami v dusledku své schopnosti inhi-
bovat nékteré enzymy, piipadné vazbou na bilkoviny
stfevni stény zhorSovat podminky pro vstiebavani Zivin
(Kalac, Mika, 1988). Nicméné u této skupiny latek ne-
Ize provést jejich jednoznaéné zafazeni mezi antinutric-
ni latky, nebot existuji i jejich prokazatelné pozitivni
funkce. Jsou pfirozenymi antioxidanty a jejich vliv na
pruznost a permeabilitu krevnich kapilar opodstatiiuje
i jejich zafazeni mezi vitaminy (Davidek et al., 1983).
Kapilarni izotachoforéza (Seitz et al., 1991) a kapilarni
z6nova elektroforéza (Seitz et al., 1992) byly pouZity
pro stanoveni nékterych flavonoida a fenolickych kar-
boxylovych kyselin v metanolickych extraktech rostli-
ny Sambuci flos. Zéamérem téchto metod bylo stanovit
tyto fenolické latky spiSe s ohledem na vyuZiti ve far-
maceutickém primyslu. McGhie (1993) vypracoval me-
todu stanoveni flavonoidi v cukrové titiné kapilarni
zénovou elektroforézou. Bjergegaard et al. (1993) publi-
kovali metodu (MEKC) soubé&Zného stanoveni volnych
i glykosidicky vazanych derivata flavonolu v extrak-
tech vegetativnich ¢asti rostlin. Tito autofi publikovali
i stanoveni fenolickych karboxylovych kyselin micelar-
ni elektrokinetickou kapilarni chromatografii v riznych
rostlinnych materidlech (Bjergegaard et al., 1992). Pi-
etta et al. (1993) srovnavali HPLC a MEKC metodu
stanoveni glykosidi flavonolu v listech a kvétech lipy.

V rostlinach se vyskytuji latky, které po pfijeti do
téla zvifete mohou vykazovat Géinky podobné nékte-
rym pohlavnim hormontim (Kala¢, Mika, 1988). Pomoci
kapilarni zonové elektroforézy byly stanoveny nékteré
izoflavony a kumestrol (Shihabi et al., 1994) v rostlin-
nych extraktech. Izotachoforetickou metodu stanoveni
glykoalkaloidii brambor vypracovali Kvasni¢ka et al.
(1994). Metoda byla srovnana s HPLC.

Stanoveni nebilkovinné aminokyseliny 3-(N-oxalyl)-
-L-2,3diaminopropionové v semenech hrachoru (Lat-
hyrus sativus) kapilarni zéonovou elektroforézou publi-
kovali Arentoft a Greirson (1995). Metoda umoZiiuje roz-
lisit neurotoxicky a-izomer od netoxického B-izomeru.

Kapilarni izotachoforézou byly stanoveny nékteré bio-
genni aminy v sildZi a v rybi a masokostni moudce
(Kanovska, 1991). Kapilarni izotachoforéza byla po-
uZita i pro stanoveni histaminu (Rubach et al., 1981;
Voldrich et al., 1988) v rybach a v nékterych vyrob-
cich z ryb.

Stanoveni krmivdrskych aditiv

Krmiva jsou obohacovéna celou fadou specificky
ucinnych latek, které ovliviiuji uZitkovost zvirat, vyuZiti
krmiv, kvalitu Zivoéi§nych produkti a celkovou odol-
nost zvirat. Mezi ucinné latky fadime stopové prvky,
esencidlni aminokyseliny, vitaminy a antivitaminy, an-
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tioxidanty, emulgatory, enzymové piipravky, zchutiiu-
jici latky, syntetické stimuldtory ristu, hormonalni pfi-
pravky, Zloutkové barviva, antibiotika, antikokcidika,
trankvilizadni latky a probiotika.

Izotachoforetickou metodu stanoveni metioninu v do-
pliicich biofaktori, minerdlnich a vitaminovych kon-
centritech a krmnych smé&sich vyvinuli Kvasnicka et al.
(1990). Tito autofi publikovali i metodu stanoveni volné-
ho a vézaného lyzinu v krmnych smésich (Kvasnicka et
al., 1986). Metodiku pro stanoveni lyzinu v koncentratu
vypracovali Madajova et al. (1985). Izotachoforetickou
metodu stanoveni 2-hydroxy-4-(methylthio)-butanové
kyseliny v krmivech pro driibeZ vyvinuli Vinjamoori
a Schisla (1986). Kiivankova a Bocek (1985) publiko-
vali metodu stanoveni antikokcidika amprolia v krm-
nych smésich pomoci kapilarni izotachoforézy a Kii-
vankova et al. (1991) metodu stanoveni antikokcidika
halofuginonu kombinaci kapildrni izotachoforézy a ka-
pilarni zénové elektroforézy. Stréansky (1988) vyvinul
izotachoforetickou metodu stanoveni esencidlnich slo-
Zek cholinu, lyzinu, antioxidantu kurasanu v dopliicich
biofaktori. Metodou lze semikvantitativé stanovit i vi-
taminy B; a Bg.

Dvojdimenziondlni izotachoforézou byly stanoveny
né&které kyseliny, pouZivané jako ochucovadla v krmivais-
kych aditivech (Blatny et al., 1996). Metoda umoZiiuje
soub&Zné stanoveni kyselin jableéné, fosfore¢né, mra-
venci, citronové, mlééné, vinné, fumarové a benzoové.

Stanoveni cizorodych ldtek

Pod pojmem cizorodé latky se rozumi neZadouci sloZ-
ky krmiva, které se do ného dostaly béhem jeho vyro-
by, napf. kontaktem krmiva nebo krmivaiské suroviny
se znedi§ténym prostiedim.

Pomoci CITP byl stanoven fluorid v krmnych smé-
sich (Blatny, Kvasnitka, 1994). Déle byla publikovédna
metoda stanoveni dusi¢nant (Karovicova et al., 1990),
pfipadné dusi¢nant i dusitani v zeleniné kapilarni izo-
tachoforézou (Kiralyova et al., 1992) a kapilarni zéno-
vou elektroforézou s nepfimou UV detekci (Jimidar et
al., 1995).

Kapilarné izotachoforetickou metodu stanoveni ka-
tionickych herbicidi ve vodé publikoval Stransky (1985).
Kapilarni zénovou elektroforézou byly stanoveny rezi-
dua herbicidi paraquat a diquat v bramborich (Wig-
field et al., 1993). Zatimco v posledné jmenované prici
bylo nutné vzorek zakoncentrovat a pfecistit extrakci
tuhou fazi, pro stanoveni téchto herbicida ve vodé (Ka-
niansky et al., 1994) byla pouZita kapilarni zénova elektro-
foréza, kde jako predkoncentraéni techniky byla pouZi-
to kapilarni izotachoforézy. Izotachoforetickou metodu
stanoveni nékterych triazinovych herbicidi v mléku
publikovali Kfivankova et al. (1989). Kapilarni zénova
elektroforéza byla aplikovdna pro stanoveni herbicidi
metsulfuronu a chlorsulfuronu v pitné vodé (Dinelli et
al., 1993). Kapilarni izotachoforéza umoZiiuje pouze
separace ionogennich latek. Pro stanoveni neionogen-

284

nich pyrethroidnich insekticidi byly vyvinuty metody
zaloZené na izotachoforetickych analyzach jejich iono-
gennich hydrolytickych produktd (Dombek, 1991;
Dombek, Stransky, 1991).

Maragos (1995) vyvinul metodu stanoveni mykoto-
xinu fumonizinu B, kapilarni zénovou elektroforézou.
Pro detekci ultrastopovych mnoZstvi mykotoxinu deri-
vatizovaného fluoresceinisothiokyanatem byla pouZita
instrumentace s laserem indukovanym fluorescenénim
detektorem. Jako krmivo se pouZiva i odpadni produkt
pfi vyrobé cukru — melasa. Izotachoforetickou metodu
stanoveni organickych kyselin, které jsou produktem
mikrobidlni ¢innosti v melase a cukernych §tavach, vy-
pracovali Kvasnicka et al. (1993). Pro stanoveni rezidui
chloramfenikolu v mléce byla vyvinuta metoda imu-
nofluorescen¢ni kapilarni elektroforézy s laserem indu-
kovanou fluorescenéni detekci (Blais et al., 1994).

Stanoveni ionti ve vodich je pomérné Sirokou apli-
ka&ni oblasti metod kapilarni elektroforézy. Na tomto
misté budou citovany nejen price zabyvajici se stanove-
nim prokazatelné $kodlivych kationti a aniontd v pit-
nych vodach, ale i metody stanoveni aniontd a kationtu,
které jsou obecné v potravinach a krmivech povaZova-
ny za nutri¢ni. Jejich zafazeni mezi cizorodé litky je
zvoleno spi$e z toho diivodu, Ze obsah téchto ionta v pit-
nych vodéch je limitovan normami a navic fada metod
je vypracovana pro soub&zna stanoveni né€kolika iontu,
které z hlediska vyZivy maji rozdilné zafazeni. Pro sta-
noveni téZkych kovi ve vodach byla publikovéna izota-
choforetickd metoda (Everaerts et al., 1985), umoZiiu-
jici stanovit vedle sebe nékolik t&€Zkych kovu. Vzorek
je pred analyzou zakoncentrovén extrakci na tuhou fa-
zi. Stopova mnoZstvi Zeleza ve vodé byla stanovena
kombinaci CITP-CZE (Blatny et al., 1997) s UV detek-
ci pfi 254 nm. V préci bylo vyuZito kineticky stabilniho
komplexu Zeleza (IIT) s EDTA. Pro stanoveni stopo-
vych koncentraci chromanu ve vodach byla vyvinuta
izotachoforetickd metoda (Zelensky et al., 1987). Pro
detekci izotachoforeticky zakoncentrovaného chroma-
nu bylo pouZito pomérné selektivni spektrofotometric-
ké detekce pri 405 nm. Obdobny pfistup byl zvolen
i pro stanoveni nitrofenolt v pitné vodé kapilarni izo-
tachoforézou (Kaniansky et al., 1987).

Pro stanoveni niZSich mastnych kyselin (C4 aZ Cq)
v pitné vodé (Hutta et al., 1989) byla vypracovana me-
toda kapilarni izotachoforézy. Mastné kyseliny z pitné
vody byly zakoncentroviny na tuhou fazi a analyzova-
ny v prostfedi voda—metanol. Pro stanoveni anionta ve
vodach byla vyvinuta metoda kapilarni izotachoforézy
(Zelensky et al., 1984), vyuZivajici analyzétor v konfi-
guraci spojenych kolon a umoZiiujici stanovit v predse-
paracni kapilafe makroslozky (chlorid, siran, dusi¢nan)
a v analytické kapilafe mikroslozky (dusitan, fluorid,
fosfore¢nan). Kapilarni izotachoforéza je na Slovensku
normovanou metodou pro stanoveni aniontil a kationtd
v pitnych a povrchovych vodach. Metody kapilarni izo-
tachoforézy pro stanoveni aniontu jsou vétSinou zalo-
Zeny na chloridu jako vedoucim aniontu. To oviem
znamena, Ze pro stanoveni koncentrace chloridu ve vo-
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dé neni tento systém pfili§ vhodny. Bocek et al. (1977)
publikovali metodu, ve které je jako vedouci elektrolyt
navrZzen dusi¢nan kademnaty. Pfi pouZiti tohoto vedou-
ciho elektrolytu je efektivni pohyblivost chloridu niZsi
neZ efektivni pohyblivost dusi¢nanu, a systém je tedy
vhodny pro stanoveni chloridu, siranu i fluoridu ve vo-
dé. Pro soub&Zné stanoveni chloridu, dusi¢nanu a sira-
nu ve vodé navrhli Vacik a Muselasova (1985) vedouci
elektrolyt na bazi hydroxidu vapenatého. V prici je na-
vrzen i elektrolytovy systém pro stanoveni kationt ve
vodéach. Anorganické anionty ve vodé byly stanoveny
i kapilarni zénovou elektroforézou (Gebauver et al., 1983)
v pfistroji pro kapilarni izotachoforézu s potencidlové
gradientovou detekci. Kaniansky et al. (1994) publikovali
metodu stanoveni anionti ve vodich pomoci kombinace
kapilarni izotachoforézy a kapilarni zonové elektrofo-
rézy. V izotachoforetickém kroku jsou stanoveny makro-
komponenty (chlorid, dusi¢nan, siran), zatimco ve dru-
hém stupni — kapildrni zénové elektroforéze — jsou
stanoveny mikroslozky vzorku (dusitan, fluorid, fosfo-
re¢nan). Priace sama o sobé nema jen prakticky aplikac-
ni vyznam, ale ukazuje i moZnost pouZiti vodivostni
detekce pro stanoveni sloZek s relativné velkou efektivni
pohyblivosti v prostfedi zdkladniho elektrolytu s velmi
nizkou efektivni pohyblivosti. Pravé spojenim CITP-CZE
1ze dosahnout v téchto pfipadech detekénich limitd mik-
rosloZek fadu desetin p.g.l'l i za pfitomnosti makroslo-
zek v koncentracich o pét az Sest fadi vysSich. Byla
publikovéana i metoda stanoveni aniontd ve vodéch ka-
pildrni zénovou elektroforézou s nepfimou UV detekei
(Li, Li, 1994). Pro stanoveni alkalickych kovi a kovi
alkalickych zemin ve vodéch byly publikovany jak izota-
choforetické metody (Valaskova et al., 1988; Kaniansky
et al., 1990), tak i metody kapilarni zénové elektrofo-
rézy (Morin et al., 1994; Simuni&ova et al., 1994). Je-
likoZ alkalické kovy a kovy alkalickych zemin nemaji
chromofor, je nutné v metodach zaloZenych na kapilar-
ni zénové elektroforéze pouZit nepfimou UV detekei.

Studium homogenity krmnych smési

Kapilérni elektroforéza byla aplikovana i pro studium
homogenity krmnych smé&si. V tomto pfipadé se prova-
di studium distribuce sloZzky (vétSinou latky, ktera se
do krmiva pfidava) v celém souboru krmné smési. Ho-
mogenita krmné smési tak byla studovdna pomoci izo-
tachoforetickych stanoveni specificky uéinnych latek
(Lohninsky, Prasil, 1990) lyzinu, metioninu a cholinu.
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a mi obsahovat zikladni &iselné ddaje véetnd statistickych
hodnot. Musi obsahovat klicova slova. Nema pfekro€it rozsah
170 slov. Je tieba, aby byl napsan celymi vétami, nikoliv hes-
lovité. Je uvefejiiovan a mél by byt dodan ve stejném jazyce
jako védecka prace.

Roz3ifeny souhrn (Abstract) je uvefejiiovan v anglicting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovany vysledky prace a uvedeny odkazy na tabulky a ob-
rdzky, popf. na nejdileZitéjsi literdrni citace. Je vhodné jej
(vCetné ndzvu price a klicovych slov) dodat v angliéting, popf.
v &edtiné ¢i slovensting jako podklad pro preklad do anglitiny.

Uvod mi obsahovat hlavni divody, proé byla préce realizova-
na, a velmi stru¢nou formou ma byt popsin stav studované otézky.

Literarni prehled md byt kritky, je tfeba uvadét pouze
citace majici tizky vztah k problému.

Metoda se popisuje pouze tehdy, je-li puvodni, jinak po-
stauje citovat autora metody a uvadét jen pfipadné odchylky.
Ve stejné kapitole se popisuje také pokusny material.

Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot ddva prednost grafim pfed tabulkami. V tabulkich je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nalezy.

Diskuse obsahuje zhodnoceni préce, diskutuje se 0 moZ-
nych nedostatcich a price se konfrontuje s vysledky dfive
publikovanymi (poZaduje se citovat jen ty autory, jejichZ price
maji k publikované prdci blizsi vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura by méla sestdvat hlavng z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autord. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu se zafadi jen prdce citované v textu. Na préce
v seznamu literatury musi byt odkaz v textu.

Na zvlastnim list€¢ uvadi autor plné jméno (i spoluautortt),
akademické, v€decké a pedagogické tituly a podrobnou adresu
pracovisté s PSC, &islo telefonu a faxu, popf. e-mail.

Rukopis nebude redakci prijat k evidenci, nebude-li po
formalni strince odpovidat pokyniim pro autory.
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