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ANALYSIS OF MILK CHARACTERISTICS OF COWS
AND THEIR DAUGHTERS

ANALYZA VLASTNOSTI MLEKA DOJNIC A JEJICH DCER
I. Zwoliriska-Bartczak, B. Zuk, E. Pawlina

University of Agriculture, Department of Genetics and Animal Breeding, Wrocflaw, Poland

ABSTRACT: Milk yields of 43 419 Black-White and 20 995 Red-White cows and their daughters used in 1978-1993 in the
South-West region of Poland were analysed. Breeding values of all animals were estimated by BLUP (Animal Model). The
data was preadjusted for age and season of calving. Cows-dams were classified to a group of cows with high performance
by two ways: 1. cows recorded in High Performance Register, 2. cows which exceeded an assumed production level (x +1.96 s,
1.64 s or 1.28 s, respectively). Breeding values of classified dams were higher than those of remaining dams. Similarly,
daughters of these dams had higher breeding values than daughters of remaining dams. Greater differences were observed in
Black-White breed. Generally, differences of breeding value in dam group were higher than in daughter group.

Keywords: dairy cattle; milk performance; breeding value; dam-daughter comparison

ABSTRAKT: V letech 1978-1993 jsme v jihozdpadni &4sti Polska provadéli rozbor dojivosti u 43 419 &ernostrakatych dojnic
a jejich dcer a 20 995 Cervenostrakatych dojnic a jejich dcer. Odhad plemennych hodnot viech zvifat jsme provedli pomoci BLUP
(animal model). Hodnoty jsme pfedem korigovali s ohledem na v&k a sezonu oteleni. Dojnice-matky jsme zafadili do skupiny dojnic
s vysokou uZitkovosti podle dvou kritérii: 1. dojnice evidované v Registru vysoké uZitkovosti, 2. dojnice, které prekrotily predpo-
kladanou vysi produkce (x + 1,96 s, 1,64 s nebo 1,28 5). Takto zafazené dojnice mély vy3§i plemenné hodnoty ne% ostatni matky.
Obdobné dcery téchto matek mély vy33i plemennou hodnotu neZ dcery ostatnich matek. V&tsi rozdily jsme zjistili u ¢ernostrakatého
plemene. Lze konstatovat, Ze rozdily v plemenné hodnot& u skupiny matek byly v&ti neZ u skupiny dcer.

Klicova slova: mlé¢ny skot; mlé&na uZitkovost; plemenna hodnota; srovnani matka-dcera

INTRODUCTION were analysed. Cows were kept in herds of the South-
-West part of Poland (regions: Opole and WrocBaw).

Comparison dam-daughter has been known for a long  gtructure of analysed material was presented in Table I.

time. One of the methods of heritability estimation and
also evaluation of sire breeding value is based on it.
Regression coefficient of dam-daughter yields is 0.5 K.
However, if extremely high performance of dam is the
result of non-additive gene effects (e.g. dominance),
then a relationship between dam and daughter yield can
be lower than 0.5 h% Cows are recorded in High Per-
formance Register on the basis of their milk produc-
tion. Sobek (1988) showed that milk yield of daughters
of such cows was distinctly lower but his observations
were conducted on a small number of individuals. Ken-
nedy (1984) underlined relation between lifetime pro-
duction and profit from this production. Also Mailldnder
and Distl (1992) showed that high lifetime production
was connected with profit and survivability.

The aim of this paper was to analyse the perform-
ance and genetic value of cows with high milk yield
and their daughters.

MATERIAL AND METHODS

Milk yields of 43 419 Black-White and 20 995 Red-
-White cows and their daughters used in 1978-1993
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Only the first lactation was taken- into account in cal-
culations. Group of cows with high performance:
1) cows recorded in High Performance Register and
2) cows with milk yield in the first lactation higher than
the mean of the population (for the whole data set) by
1.96, 1.64 and 1.28 of standard deviation of this trait
(level A, B and C, respectively — Table II). As in High
Performance Register were recorded from 22.4% to
34.6% of all cow population we decided to classify
cows-dams according to these three levels. In this way,
we selected about 4% of cows-dams — level A, about
6.5% — level B and about 10.5% of dams — level C.

Breeding values of analysed cows were estimated by
BLUP method (Animal Model):

y,-jk,=u+H,-+Gj+p,-j,‘+a,-j,‘+e,»ju
where: yjii — observed yield of [-th lactation of k-th cow in j-th
genetic group and i-th herd-year group
1 - mean of the population
H; - fixed effect of herd-year of calving
G; - fixed effect of genetic group (year of birth)
pij — permanent environment effect of cow
a;; - genetic effect of cow
ejjyy — error
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I. Structure of analysed material

Breed Regi Number of dam— Number of dams in Number of dams recorded in | Number of remaining
v an daughter pairs Ist lactation (%) High Performance Register dams
. Opole 8 747 81.1 3 024 (34.6%) 5723
Red-White
Wroclaw 9 391 78.6 2 834 (30.2%) 6 557
i Opole 15 955 79.2 4 747 (29.8%) 11208
Black-White
Wroclaw 19 365 81.8 4 334 (22.4%) 15 031
II. Milk yield in the first lactation of cows-dams
Breed Region Mean of milk yield | Standard deviation Levels
-4 (kg) of milk yield A B P
2 Opole 3739.51 1006.27 5711.80 5389.79 5027.54
Red-White
Wroclaw 3553.65 955.48 5426.38 5120.63 4776.66
Opol 3493.27 1017.58 5487.73 5162.10 4795.77
Black-White | '
Wroclaw 3384.10 912.83 5173.24 4881.14 4552.52

III. Mean breeding values of milk traits of dams recorded in High Performance Register (High) and of remaining dams (Rest) and their

daughters — Red-White breed

Opole region Wroctaw region
Dams milk yield (kg) fat yield (kg) milk yield (kg) fat yield (kg)
dams daughters dams daughters dams daughters dams daughters
High 3658 3590 143.57 140.61 3695 3598 144.99 140.97
Rest 3537 3509 138.57 137.31 3568 3514 139.67 137.48
Difference +121 +81°" +5.00 +3.30° +127 +84" +5.32 +3.49°

* difference significant at P < 0.05

IV. Mean of breeding values of milk traits of dams recorded in High Performance Register (High) and of remaining dams (Rest) and their

daughters — Black-White breed

Opole region Wroctaw region
Dams milk yield (kg) fat yield (kg) milk yield (kg) fat yield (kg)
dams daughters dams daughters dams daughters dams daughters
High 3645 3543 146.66 140.81 3569 3423 141.92 135.21
Rest 3509 3405 141.56 135.72 3400 3294 134.96 129.66
Difference +136 +138" +5.10 +5.09° +169 +129° +6.96 +5.55"

* difference significant at P < 0.05

The sum p + G; + a;; was treated as a breeding
value of animal. The data were preadjusted for age,
season of calving and parity. The values 0.2 and 0.5 were
assumed as heritability and repeatibility coefficients.
Only one generation of ancestors (parents: sire and dam)
was taken into account in relationship matrix.

RESULTS AND DISCUSSION

Results of research are presented in Tables III-VI.
Breeding values of Red-White dams recorded in High
Performance Register were presented in Table III. They
were higher than those of remaining dams (by 121 kg
of milk and 5.00 kg of milk fat in Opole region and by
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127 kg of milk and 5.32 kg of milk fat in Wroctaw
region). Daughters of these dams also had higher breed-
ing values than daughters of remaining dams (by 81 kg
of milk and 3.30 kg of milk fat in Opole region and by
84 kg of milk and 3.49 kg of milk fat in Wroctaw
region). Milk performance breeding values of Red-White
cows from two regions were similar.

Breeding values of Black-White cows were shown
in Table IV. Breeding values of dams recorded in High
Performance Register were higher than those of remain-
ing dams (by 136 kg of milk and 5.10 kg of milk fat
in Opole region and by 169 kg of milk and 6.96 kg of
milk fat in Wroctaw region). Daughters of these dams
also had higher breeding values than daughters of re-
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V. Mean of breeding values of milk traits of dams classified to level A, B and C and of remaining dams (Rest) and their daughters —

Red-White breed

Opole region Wroctaw region

Dams milk yield (kg) fat yield (kg) milk yield (kg) fat yield (kg)

dams daughters dams daughters dams daughters dams daughters
A 3883 3729 151.22 145.61 3815 3673 148.34 143.22
Rest 3547 3528 138.96 138.02 3583 3532 140.35 138.20
Difference +336 +201° +12.26 +7.59" +232 +141° +7.99 +5.02°
B 3831 3692 149.38 144.28 3788 3666 147.53 143.02
Rest 3542 3525 138.77 137.92 3579 3529 140.20 138.09
Difference +289 +167° +10.61 +6.36" +209 +137° +7.33 +4.93"
c 3780 3662 147.55 143.04 3765 3644 146.79 142.28
Rest 3534 3521 138.49 137.77 3571 3524 139.32 137.93
Difference +246 +141° +9.06 +5.27" +194 +120° +6.87 +4.35°

* difference significant at P < 0.001

/
/

VI. Mean of breeding values of milk traits of dams classified to level A, B and C and of remaining dams (Rest) and their daughters —

Black-White breed

Opole region Wroctaw region

Dams milk yield (kg) fat yield (kg) milk yield (kg) fat yield (kg)

dams daughters dams daughters dams daughters dams daughters
A 3862 3767 152.41 147.38 3699 3538 145.21 138.18
Rest 3506 3420 141.16 136.28 3410 3309 135.45 130.41
Difference +356 +347° +11.25 +11.10° +289 +229" +9.76 +1.17°
B 3815 3723 151.03 146.29 3656 3505 144.03 137.12
Rest 3501 3415 140.99 136.09 3406 3305 135.28 130.28
Difference +314 +308° +10.04 +10.2° +250 +200° +8.75 +6.84"
c 3768 3675 149.65 144.84 3619 3479 142.83 136.25
Rest 3493 3407 140.72 135.83 3399 3299 135.03 130.07
Difference +275 +268" +8.93 +9.01° +220 +180° +7.80 +6.18"

* difference significant at P < 0.001

maining dams (by 138 kg of milk and 5.09 kg of milk
fat in Opole region and by 129 kg of milk and 5.55 kg
of milk fat in Wroctaw region). Milk performance breed-
ing values of Black-White cows in Opole region were
higher than in Wroctaw region.

Generally, greater differences were observed in Black-
-White breed. Differences in breeding value in dam
group were also larger than in daughter group (except
Black-White cows in Opole region). Breeding values
of daughters of dams with high performance and of
daughters of remaining dams differed significantly.

A similar trend was observed for dams classified
into particular levels but differences between the breed-
ing values of classified and of remaining dams were
larger. For level A the values ranged from 232 to 356 kg
of milk and from 7.99 to 12.26 kg of milk fat (Tables V
and VI). Daughters of dams classified to level A also
had higher breeding values than daughters of remaining
dams (from 141 to 347 kg of milk and from 5.02 to
11.10 kg of milk fat). Differences in breeding value in
dam group were larger than in daughter group; they

CZECH J. ANIM. SCIL, 44, 1999: 385-388

were similar only in Black-White breed in Opole region.
Greater differences were observed in breeding values
of Black-White cattle. All differences were lower for
levels B and C, respectively.

Obtained results are different than in Sobek (1988)
research. But Tarkowski and Kawka (1992) received
similar results for cow population from the East-South
region of Poland — daughters of dams with higher milk
performance produced more than the remaining cows.
But results of Sobek and Tarkowski and Kawka re-
ferred to milk production, not breeding value of milk
yield.

Results of our researches confirmed a thesis that
daughters of cows with high milk performance should
also reach higher genetic values than the rest of the

. population.
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THE RESULTS OF BREEDING MEASURES WITHIN
THE POPULATION OF CHAROLAIS CATTLE
IN THE CZECH REPUBLIC IN 1991-1997"

VYSLEDKY SLECHTITELSKEHO POKROKU V POPULACI
CHAROLAISKEHO SKOTU V CESKE REPUBLICE V LETECH 1991-1997

L. Stédnik', F. Loudal, P. Dvoi‘ékl, K. Sebaz, V. Rehounek'

Czech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic
2Czech Union of Beef Cattle Breeders, Prague, Czech Republic

ABSTRACT: Data on the place and time of birth, the type of mating, sex of calf, the dam’s body conformation, parity at
the birth of calf, and live weights at birth, at the age of 120, 210 and 365 days of a set of 3 903 of Charolais calves in the
Czech Republic were included in the observation. Data obtained from the central records were processed using the desk
processor EXCEL ’95, the statistical programme SAS / STAT 6.12 and the model equation comprising birth weight of calves,
and body weights at 120, 210 and 365 days of age in relation to the follows factors: year of birth of calf, month of birth of
calf, region where the calf was born, the type of mating (Al or natural), sex of calf, the dam’s body conformation, parity at
the calf birth, birth weight of calf when evaluating body weight of calf at 120, 210 and 365 days of age, body weight of calf
at 120 days of age when evaluating body weight of calf at 210 and 365 days of age, and body weight of calf at 210 days of
age when evaluating body weight of calf at 365 days of age. Birth weight of calves born in the consecutive years decreased
significantly from year to year (P < 0.001). At 365 days of age the significance of difference in body weight was P < 0.05.
The effect of the season of the year on birth weight of calves born was significant (P < 0.05). The highest birth weight was
found for calves born in winter and the lowest for calves born in autumn. Calves born in winter attained significantly highest
body weights up to 365 days of age (P < 0.05). Differences in birth weights of calves born in 7 regions of the Czech Republic
were significant (P < 0.001). Significantly highest body weights of calves at 365 days of age (P < 0.001) were recorded in
the region where the highest birth weights were recorded. Significantly higher (P < 0.001) birth weights of bull calves were
obtained compared with heifer calves. Similarly, significant differences were found in body weights of bull calves and heifer
calves at 365 days of age. A significant relationship (P < 0.05) was found between birth weight of stillborn calves and difficult
calvings. The dam’s body conformation had a significant effect on body weight of calves at 365 days of age. Parity at the
birth of calf had a significant effect (P < 0,001) on birth weight and body weight at 365 days of age. The dynamics of a higher
growth rate identified at birth of calves were retained up to the ages of 120, 210 and 365 days, and were significant (P < 0.001).

Key words: cattle; Charolais; birth weight; growth; body weight; calving; parity; seasons; Al; mating; body conformation

ABSTRAKT: Do vyhodnoceni byla zahrnuta data o mistu a obdobi narozeni, zplisobu vyuZivani otce v reprodukci, pohlavi,
velikosti t€lesného raimce matky, v€ku matky pfi narozeni a hmotnostech pii narozeni a ve v&ku 120, 210 a 365 dnii pro 3 903 telat
plemene charolais v Ceské republice. Data ziskan z centrdlni evidence byla setfidéna a uspofddana pomoci tabulkového
procesoru EXCEL’95 a zpracovdna metodou nejmenSich &tverci (PROC GLM SAS / STAT 6.12) pii pouZiti modelové
rovnice zahrnujici hmotnosti telat pfi narozeni a ve véku 120, 210 a 365 dnu, hodnocené v zavislosti na roku narozeni telete,
mésici narozeni telete, kraji, v némZ se tele narodilo, zpiisobu pripousténi (inseminace, pfirozena plemenitba), pohlavi telete,
velikosti t€lesného ramce matky, parité pfi narozeni telete, hmotnosti telete pfi narozeni u hodnoceni Zivé hmotnosti telete
ve v&ku 120, 210 a 365 dni, Zivé hmotnosti telete ve véku 120 dnii pii hodnoceni Zivé hmotnosti telete ve véku 210 a 365 dni
a Zivé hmotnosti telete ve vé€ku 210 dnti pfi hodnoceni Zivé hmotnosti telete ve v&ku 365 dnii. V priib&hu sledoviéni ristovych
schopnosti souboru 3 903 telat plemene charolais v Ceské republice béhem let 1991 aZ 1997 dochézelo ke sniZovini porodni
hmotnosti telat z primérné hodnoty 42,92 kg v letech 1991 aZ 1994 na 38,57 kg v roce 1997 (P < 0,001). Rustova schopnost
telat se v prib&hu let zvySovala, coZ dokumentuji vysledky primé&rnych hmotnosti telat ve v&ku 120, 210 a 365 dni. V prvnim
sledovaném obdobi se rodil velky poCet telat po embryotransferu (ET), a tato telata dosahovala vy3§i ristové schopnosti neZ
telata pochdzejici z pfirozené plemenitby ¢&i inseminace. Tento efekt se projevil v hmotnosti telat ve 210 dnech, kdy aZ telata

* Research was supported by the Ministry of Agriculture of CR (Project No. EP-0960006538-Rapotin of the National Agency for Agricultural
Research).
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narozend v roce 1996 doséhla stejné hmotnosti jako telata narozend po ET v letech 1991 aZ 1994. Telata narozend v roce
1997 doséhla vy3§i riistové schopnosti neZ telata narozenéd z ET (P < 0,001). Pfi hodnoceni hmotnosti v 365 dnech véku je
nutné konstatovat, Ze u telat narozenych po ET se nepotvrdila vy33i ristovd schopnost oproti viem ostatnim sledovanym
telatim. Nejvy33ich sledovanych hmotnosti, krom& hmotnosti ve 120 dnech v&ku, dosahla telata narozena v mésicich leden
aZ duben (P < 0,05), které jsou nejvhodnéjsi pro teleni ve stidech krav bez trZni produkce mléka. Telata narozend v ostatnich
ro&nich obdobich dosahovala pritkazn& niZ8ich hmotnosti (P < 0,05). U telat narozenych po ET byla zji$téna vysoce pritkkazné
(P < 0,001) nejniZ§i hmotnost pfi narozeni. Byly zjiStény prikazné rozdily v hodnocenych hmotnostech mezi jednotlivymi
kraji. Hmotnost telat pfi narozeni nebyla ovlivnéna zplisobem reprodukce, tj. zda jsou telata potomkem byka pouZivaného
v inseminaci & v pfirozené plemenitb&. Hodnoty hmotnosti ve 120, 210 a 365 dnech v&ku byly pritkazné& rozdilné mezi telaty
narozenymi po inseminaci a po pfipusténi matky v pfirozené plemenitbé. Vy3§i hmotnosti byly zjiStény u telat po bycich
v inseminaci (P < 0,001). Nejvy33i porodni hmotnost byla zjiiténa u mrtvé narozenych telat (P < 0,05). V zavislosti na pohlavi
byly zjistény vysoce prukazné rozdily (P < 0,001) mezi vSemi sledovanymi hmotnostmi ve prospéch bycki. Tyto rozdily se
pohybovaly od 4,13 kg pfi narozeni do 82,34 kg v 365 dnech vé&ku. Pii hodnoceni hmotnosti pfi narozeni v zdvislosti na
velikosti télesného ramce matky nebyly zjiSté€ny prikazné rozdily. Pfi hodnoceni ristové schopnosti ve 120, 210 i 365 dnech
v zdvislosti na tomto faktoru byl zji§tén prikazny (P < 0,05) rozdil mezi telaty pochédzejicimi od matek s bodovym ohodno-
cenim télesného rdmce 1 aZ 5 a telaty od matek s ohodnocenim 6 aZ 10. Vy33i ristové schopnosti dosahovala telata matek
s vy38im bodovym ohodnocenim télesného ramce. U telat narozenych pfi tfetim a dal$im porodu byly zji§t€ny priitkazné vy3si
hmotnosti neZ u telat narozenych pii prvnim a druhém oteleni. Tento jev zvy3ovani hmotnosti telat souvisi s ukon¢enim ristu
matky. Hmotnost pfi narozeni se projevila jako vysoce pritkazny (P < 0,001) faktor pro intenzitu ristu aZ do 365 dni v&ku.
Telata s vy$si hmotnosti pfi narozeni méla vy3si hmotnost ve 120, 210 i 365 dnech véku. Jako stfedné prikazny (P < 0,01)
byl zjidtén vliv hmotnosti ve 120 dnech na hmotnost telat ve 210 a 365 dnech v&€ku. Hmotnost ve 210 dnech byla zji§t€na
jako vysoce priikazny faktor (P < 0,001) ovliviiujici hmotnost telat ve v€ku 365 dni.

Klicova slova: skot; charolais; hmotnost pfi narozeni; rist; télesnd hmotnost; teleni; parita; obdobi; uméla inseminace;

pfipousténi; utvafeni téla

INTRODUCTION

The period of improving beef breeds in the Czech
Republic was initiated by importing 800 Hereford heifers
in 1974, of Charolais heifers from Hungary, Germany
and Soviet Union by the end of the year 1990 and from
France after the year 1991. At present, there are ap-
proximately 1650 Charolais cows in the Czech Repub-
lic. The heterogeneity of the imported population re-
quires a continuous analysis of the improvement work
and control of the effectiveness of the improvement
process of the population.

A seasonal system of calving is applied in suckler
herds. Calves are weaned at the age of five months. The
aim of the breeder is to have all calving completed
within the shortest possible interval between the first
and the last calving in the herd. Calving season lasting
more than two months has an unfavourable effect on
body weight of calves at weaning. Longer mating sea-
son is not suitable as the calves born late often suffer
from diseases, are not sufficiently adapted to the move-
ment on the pasture, are less able to consume large
quantities of milk, and at the weaning they reach a con-
siderably lower body weight than calves born early.
The required high growth intensity, presumably up to
the age of four months, depends to a great extent on
the milking capacity of dams. Birth weight of calves
which has, to a certain extent, an effect on dystocia, is
greatly influenced by the breed, by the sire, by the
dam’s age at the first mating and at calving, by the sex
of calf etc. Body weight of calves at the age of 120 and
210 days represents growth ability of calves during suckl-
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ing by their dams. Indirectly it complements perfor-
mance records of dams and sires. At the first stage, up
to 120 days of age, body weight gain is particularly
influenced by milking capacity of the dam. In the second
stage, from 120 to 210 days of age, the proper ability
of the calf to utilize bulk feed is manifested. This pe-
riod is limited by the time of weaning and is connected
with calving season. Optimum conditions for a further
growth and development are created by rearing calves
with their dams up to 120 days of age. The following
authors studied the problems of suckler herds: Allen
(1991), Bryan (1992), Citek, Hintnaus, (1992), Dufka
(1993), (1995a), Golda et al. (1995), Klanic et al. (1993),
Louda (1995), Pytloun et al. (1994), Teslik et al. (1995).

MATERIAL AND METHODS

Data on 3903 Charolais calves in the Czech Repub-
lic were included in the observation. Birth weight (BW)
and body weight at 120 (W120), 210 (W210) and
365 days (W365) of age in relation to some factors
were used for evaluation. Among these factors were the
effect of year of birth (Y), month of birth (M), region
where the calf was born (R), mating methods (MM),
sex of the calf (S), point classification of the dam’s
body conformation (B), age of the dam (A), parity at
the birth of calf and the last body weights. Classifica-
tion of the set of data according to individual factors
used as classification criteria was as follows:

(1) according to the year of birth: set 1 — years of
birth 1991-1994 (in one group due to the small number
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of observations in individual years); set 2 — year of birth
1995; set 3 — year of birth 1996; set 4 — year of birth 1997.

(2) according to the month of birth: set 1 — January
up to set 12 — December; set 10 — October — comprised
calves born after embryo transfer.

(3) according to the region where the calf was born:
set 1 — Central Bohemia; set 2 — Southern Bohemia; set
3 — Western Bohemia; set 4 — Northern Bohemia; set
5 — Eastern Bohemia; set 6 — Southern Moravia; set 7 —
Northern Moravia.

(4) according to the method of mating: set 1 — calves
from natural mating; set 2 — calves after AL

(5) according to the sex of calf: set 1 — bull calves;
set 2 — heifer calves; set 3 - calves stillborn.

299 sires were used during the period of observation
and the distribution of offspring after these sires was
as follows : (a) offspring imported in the uterus of the
dam after AI by 178 sires proven in the country of
origin, 12,6%; (b) offspring from natural mating, 24%;
(c) offspring from natural mating with bulls of uncer-
tain origin, 2.5%; (d) offspring after embryo transfer,
1.3%; (e) offspring by sires unproven in Al, 4.2%; (f) of-
fspring by sires proven on maternal properties, 44.2%;
(g) offspring by sires proven on dressing percentage,
3.2%; (h) offspring by sires proven on easy calving, 8%.

(6) according to point classification of the dam’s
body conformation: set 1 — point 1 to set 10 — point 10.

(7) according to the age of the dam: set 1 — 1st calf
up to set 5 — 5th calf.

(8) according to birth weight : set 1 — up to 34 kg,
set 2 — from 35 to 39 kg, set 3 — from 40 to 44 kg, set 5
— 45 kg and more.

(9) according to body weight at 120 days of age: set
1 — up to 149 kg, set 2 — from 150 to 169 kg, set 3 —
from 170 to 189 kg, set 4 — 190 kg and more.

(10) according to body weight at 210 days of age:
set 1 —up to 245 kg, set 2 — from 246 to 275 kg, set 3
— from 276 to 295 kg, set 4 — 296 kg and more.

In this way classified data were evaluated using the
method of the GLM programme SAS/STAT 6.12. The
following equation was used:

Y,-jk,,,,,,y,,,,=p+ai+bj+ck+d,+fm+gn+h,,+il,+

+jr + k.v + eijklmnapr:
where:  Yikimnoprs — value of character measured
a; - effect of year of birth
b; — effect of month of birth (of embryo transfer)
c - effect of region where the calf was born
d, — effect of the method of mating
i - effect of sex of calf
&n — effect of point classification of the dam’s body
size
h, - effect of parity at the birth of calf
ip - effect of birth weight
Je - effect of body weight at 120 days of age
kg - effect of body weight at 210 days of age
Ciikimnoprs — Yesidual effects

Tables I and II present the number of observations
in individual groups of the factors studied.

RESULTS AND DISCUSSION

Results presented in Table III show a significant de-
cline of birth weight of calves born during the period
1991-1997. The lowest birth weights found in 1997
and significant differences (P < 0.001) in the later pe-
riods of observation confirmed the efficiency of selecting
bulls for easy calving.

The highest birth weight was found during the period
January to April. The lowest birth weight was found in
calves born during the autumn (October-December).
The difference of 2.74-4.05 kg was significant (P < 0.05).
Birth weight (May-September) ranged from 40.07 to
40.81 kg and the differences from other periods of the
year were non-significant. The significantly lowest birth
weight (P < 0.001) was found for calves born after
embryo transfers. This fact confirms the results of pro-
geny testing for easy calving, which is recommended

I. The number of observations in groups at evaluation of birth weight of calves and body weight at 120 days of age

Séit Live weight of the new born calf to: Body weight at 120 days of age to:
Y M R MM S B A X M R MM S B A WB

1 734 | 477 746 | 1838 | 1778 83 1739 | 490 312 549 1382 | 1267 69 1090 | 393
2 801 682 231 | 2065 | 1792 62 948 | 752 483 147 | 1193 | 1308 43 648 | 804
3 1120 | 739 839 333 99 360 | 752 546 441 67 262 | 828
4 1248 | 664 500 192 119 | 883 433 319 130 93 | 550
5 402 | 1003 375 20 264 739 263 17
6 152 437 576 95 295 433 | 2110
7 103 147 538 53 85 408
8 107 249 54 238
9 109 239 87 217

10 97 144 92 92

11 109 66

12 262 220

Y - year of birth, M — month of birth, R — region where the calf was born, MM - mating method, S - sex of the calf, B - point classification
of the dam’s body conformation, A — age of the dam, WB - birth weight
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II. The number of observations in groups at evaluation of live weight of calves at the age of 210 and 365 days

Gor Body weight of calves at 210 days of age to: Body weight of calves at 365 days of age to:

Y M R |[MM| S B A | BW (WI20 Y M R |[MM| S B A | WB |WI20|W210
1 | 479 | 360 | 424 [ 1016|1227 51 | 1097 | 372 | 670 | 338 | 155 | 175 [ 395 | 568 | 48 | 566 | 150 | 670 | 739
2 | 556 | 519 | 133 | 1065|1254 | 39 | 531 776 | 629 | 389 | 211 | 36 | 814 | 641 [ 27 | 245 | 318 | 629 | 709
3 | 805 | 552 | 594 60 | 261 | 797 | 637 | 482 | 207 | 260 38 | 74 | 430 | 637 | 435
4 | 641 | 378 | 348 119 82| 536 | 639 205 | 202 62| 21 | 311 | 639 | 598
5 145 | 635 247 14 80 | 328 131
6 78 | 257 406 36 | 155 193
7 49 | 90 382 32| 53 205
8 58 223 48 143
9 76 209 61 101
10 73 90 59 63
11 51 45
12 242 150

Y - year of birth, M — month of birth, R — region where the calf was born, MM — mating method, S - sex of the calf, B - point classification
of the dam’s body conformation, A - age of the dam, WB — birth weight, W120 - body weight at 120 days of age, W210 - body weight at

210 days of age

I11. Effects influencing live weight of new born calves

Sit Birth weights of calves (kg) to:
Y M R MM s B A
I 2.9 4297 42.22 39.21 40.73 43.62 39.28
2. 41.70 41.86 44.00 39.46 37.59 39.04 39.41
3 40.42 4234 41.28 - 41.42 40.57 39.83
4 38.57 42.10 4017 . E 41.14 42.03
5. Y 40.07 41.08 o 3 40.08 45.74
6. o 40388 40.10 - - 4111 "
7. - 40.79 37.45 - - 40.77 -
8. - 40.77 - - - 41.31 -
9. = 4081 s s . 4118 =
10. = 38.92 5 & = 4129 5
11 - 40.75 - - = = %
12. = 39.36 = - = s =
P < 0.05 ;:g: 3 “gl: 6,382'12 45 1-3,2-3 45
P <001 210, 3-6 1-3, 34, 3-6, 5-6 34
1213 | 1-10,1-12,2-5, 212, | {21415 16 14, 15,
P < 0.001 1-4, 2-3, 3-5, 3-10, 3-12, 4-5, 2—6' 2_7' 3_7' 4_7' 1-2 2-4, 2-5,
2-4,3-4 4-10, 4-12 5_7: 6—-7‘ B 2 3-5

Y - year of birth, M -~ month of birth, R - region where the calf was born, MM — mating method, S - sex of the calf, B — point classification

of the dam’s body conformation, A — age of the dam

as a guarantee of easy calving. Easy calving is substan-
tially influenced by the sire and by the pelvis confor-
mation (Pytloun et al., 1994).

Significant differences (P < 0.001) in birth weights
were found for calves born in 7 regions of the Czech
Republic. The highest difference was 6.5 kg.

The differences in birth weights of offspring sired
by AI bulls or from natural mating were non-signifi-
cant.
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Significantly highest (P < 0.05) birth weights were
found for stillborn calves and the frequency of still-
births was the highest in cows with difficult calving.
The difference in birth weight between bull calves and
heifer calves was 3.14 kg, heifer calves beeing signifi-
cantly lighter (P < 0.001).

The relationship between birth weight of calves to
the size of dam’s body conformation was statistically
non-significant.
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Birth weight of calves born to older cows was sig-
nificantly higher (P < 0.01) than that of calves born to
younger cows. This trend was apparent particularly af-
ter second calving of the dam for which the differences
in birth weight from later calvings were significant.
The increase in birth weight of calves in relation to the
age of dam was connected with finishing of dam’s own
growth.

Results presented in Table IV show a significant in-
crease in live weight of calves at the age of 120 days
during the period of observation 1991-1997. The high-
est body weight at 120 days of age found in 1997 and
the significant difference (P < 0.01) indicated the con-
tinuous improvement in the genetic potential of animals
and their welfare. The difference between the year 1995
and 1997 was 15.25 kg (P < 0.01).

The highest significant difference (P < 0.05) in body
weight of calves at 120 days of age was found for
calves after embryo transfer which had the lowest birth
weight. In accordance with this fact Zizlavsky et al.
(1997) published his findings that the effect of embryo
transfer on body weight of heifers at 90 days of age
was highly significant (P < 0.001) and on body weight
at 180, 270 and 360 days of age was significant (P < 0.05).

Significantly higher body weight of calves at 120 days
of age was influenced even by higher breeding value
of the sire. Calves born to Al had a higher body weight
at 120 days of age than calves from natural mating.

The highest body weight was determined for calves
born during spring and summer (March—-August). The

IV. Effects influencing body weight of calves at 120 days of age

lowest body weights were found for calves born in
autumn (with the exception of calves born in October,
i.e. from embryo transfer) and winter (September—Feb-
ruary). The differences between these two groups at the
level 2.83-10.89 kg were significant at P < 0.05.

Differences in body weight at 120 days of age of
calves from different regions were highly significant
(P <0.001), the difference between the best and the worst
region being 17.34 kg. Regional differences in the
highest body weights were statistically non-significant.

When classifying the set according to the type of
mating, a significant difference (P < 0.001) was found
in body weight at 120 days of age (10.42 kg in favour
of calves born after Al). It was confirmed that the used
proven sires in breeding will result in a higher growth
ability of offspring.

Sex of calf influenced the difference in body weights
between bull calves and heifer calves (9.5 kg), the dif-
ference being significant (P < 0.001). The effect of sex
was considered by many authors as very important
(Teslik et al., 1995; Holton et al., 1995).

When examining body weight of calves at 120 days
of age in relation to body conformation of their dams,
a tendency appeared of a higher growth ability of calves
born to dams with higher body conformation (P < 0.05).

At the age of 120 days a significant influence
(P < 0.05 to 0.001) of the parity at birth of calf was
observed. Calves born after the third calving had higher
body weights by 6.11-16.23 kg. Calves born to -older
dams had a higher growth ability. <

Set Body weight of calves at 120 days of age (kg) to:
Y M R MM | s B A WB
1. 160.05 159.88 160.47 161.00 | 173.58 156.08 156.42 156.67
2. 161.82 161.88 174.17 171.42 | 164.08 157.93 164.46 162.74
3. 164.90 164.71 156.83 15 - 163.93 172,65 169.28
4. 176.07 170.13 159.68 2 - 164.74 171.48 174.16
5. < 168.78 170.52 @ = 165.83 170.57 E
8. - 167.51 167.67 e 5 167.63 - %
7. - 162.78 170.62 = = 166.25 = 1
8. ¥ 167.95 z = - 172,01 . 3
9. . 160.05 L = - 173.88 = L
10. = 185.07 : N - 166.89 - -
1. s 160.57 & < s o " .
12, 4 159.24 it - - - = =
1-3, 1-6, 3-5, 2-6, 3-8, 3-9,
P <005 3-12, 4-10, 5-11, | 1-3,2-6, 34 4-8,5-8, 6-8, | 1-5,2-4
6-12, 810, 8-12 9-10
P<00l | 1-3 g:fb? :13,_ ;1'10. 1-6, 1-7 287429055,
T 6-9,7-8
14, 1-5, 1-10, 1-2, 1-5, 2-3, (o
Peotol |t o0, | s asae | V2 [ 12| 20| TS| a2
10-11, 10-12 47 » 3

Y - year of birth, M — month of birth, R - region where the calf was born, MM — mating method, S - sex of the calf, B - point classification
of the dam’s body conformation, A — age of the dam, WB - birth weight
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A higher birth weight of calf manifested itself also
in a higher body weight at 120 days of age (P < 0.001).

When evaluating factors influencing body weight of
calves at 210 days of age (Table V) it was found that
a significantly lowest body weight (P < 0.05) occurred
in 1995. Thereafter body weight at 210 days of age
increased by 20.01 kg in 1997. The difference was sta-
tistically significant (P < 0.001).

The effect of the month of birth on body weight at
210 days of age was highest for calves born during the
winter and lowest for calves born during the summer
(May to August). The difference in body weight was
4.11-20.82 kg. Significant differences at 210 days of
age were found even between the calves born during
the summer and the autumn periods.

There were significant differences among body
weights at 210 days of age for calves born in different
regions (P < 0.001).

A significantly higher growth capacity of calves born
from AI was apparent even at 210 days of age
(P < 0.001). Similarly, a significantly higher (P < 0.001)
growth ability to 210 days of age (by 19 kg) of bull
calves than that of heifers was observed.

A tendency for a higher growth ability in offspring
of dams with large body conformation was observed at
210 days of age. The difference of offspring of dams

V. Effects influencing body weight of calves at 210 days of age

awarded 5 points from offspring of dams awarded 6 to
10 points amounted to 21 kg.

A significantly higher growth ability at 210 days of
age (P < 0.001) was recorded for the offspring born at
the second and later calvings.

The dynamics of growth ability related to birth weight
were expressed even at 210 days of age.

A tendency for higher growth ability of calves born
from embryo transfers was not confirmed when
evaluating body weight at 365 days of age (Table VI).
The highest body weight at 365 days of age was found
in calves born in September. However, the difference
from calves born in other months was not significant.
The highest body weight at 365 days of age was
reached by the calves born during the winter season
(January to March) (P < 0.05), which is the most sui-
table time for calving in suckler herds (Dufka, 1995a,
b; Golda, Riha, 1995). The lowest body weight was
found in calves born during the summer season, the
difference from calves born in others seasons being
statistically significant (P < 0.05). The dynamics of
growth at 365 days of age have a same tendency like
at 210 days of age.

The difference in body weight of calves at 365 days
of age between the regions was 63.70 kg and was sta-
tistically significant (P < 0.001).

Set Body weight of calves at 210 days of age (kg) to:
Y M R MM | s B A | BW | wWi20
1. 264.56 264.21 26637 | 256.00 | 276.10 241.10 252.24 | 248.64 | 22374
7 257.41 270.65 27656 | 27338 | 257.10 251.10 272.94 | 262.54 | 259.23
3. 265.25 27362 262.96 = = 258.06 282.87 | 268.70 | 283.51
4. 277.42 272.67 255.00 = = 256.60 286.16 | 28138 | 314.20
5. 2 259.64 274.18 2 = 263.96 28793 | - =
6. = 242.40 261.74 - < 265.17 o = s
7. o 240.00 279.62 - - 268.76 = b -
8. - 256.83 3 = - 278.10 - d -
9. < 266.54 . = = 274.78 z 3 e
10. . 266.18 & s ” 288.64 z z =
1. . 261.65 2 = = = . o 5
12, 5 253.10 - = = ” - . =
1-5, 1-8, 1-10,
1-3, 14, 2-6, 3-5, 3-6, 3-8,
P<00s | 1223 | JhHTIL 2-6, 34, 45, 46,47, 48, | 1-5
56 4-10, 5-7, 5-8, 5
10 7-10, 6-8, 9-10
2-6, 2-10, 4-6,
P <001 6-12, 8-11, 8-12, i e ol 34
9-11, 9-12
1-2t0 4, 1-Tt0 12, | 1-2, 1-5, 12, | 12 |1
1424 | 25.2809,3-5 | 1623, =3, | 13| s,
p<ooor | ;#%H| 3638101045 | 2435 [ 12 |12 | 79 4 | g
4-81to 11,5-7t0 12, | 3-6, 4-5, 2-3, 2:;" 2-3,
6-11,7-8 to 10 46 24 |2kl 2

Y - year of birth, M — month of birth, R - region where the calf was born, MM — mating method, S - sex of the calf, B ~ point classification
of the dam’s body conformation, A - age of the dam, WB - birth weight, W120 — body weight at 120 days of age
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VI. Effects influencing body weight of calves at 365 days of age

Sei Body weight of calves at 365 days of age (kg) to:
Y M R MM S B A WB | WI20 | W2I10
1. 413.50 410.80 407.34 * [394.10 (451.45 340.75 397.23 | 362.11 | 358.26 | 352.27
2. 403.47 416.40 430.58 414.48 | 369.11 357.71 408.65 | 392.06 | 397.00 | 401.12
3. 407.27 425,17 412.15 - - 363.89 43449 | 411.42 | 424.05 | 428.07
4, - 401.52 368.88 - - 372.90 449.81 | 442.22 | 474.05 | 477.24
S: - 391.34 423.88 - - 386.98 - - - -
6. - 372.56 408.52 - - 409.49 - - - -
718 - 363.00 419.09 - - 417.77 - - - -
8. - 404.29 - - - 439.32 - - - -
9. - 430.00 - - - 427.07 - - - -
10. - 401.31 - - - 425.29 - - - -
I - 398.62 - - - - - - - -
12. - 410.52 - - - - .- - - -
vos | 12| 2r e, | bR 26,3534,
2_3' 3-10, 3-12, 4-7, 6—7‘ : 3-8,4-61009, 5-7,
4-12, 6-11, 7-12 5-8,6-8to 10
=0l Ciiais il 4
1-2, 1-2,
1-2t0 4, 1-7, 1-2, 1-5, 1-3, 1-2, 1-3,
p<om aziss | 5353 | e | s | 1 g 4] 0 |
5-12, 6-7 2-4, 2-3 2-4,
34 34

Y - year of birth, M — month of birth, R - region where the calf was born, MM - mating method, S - sex of the calf, B - point classification
of the dam’s body conformation, A — age of the dam, WB - birth weight, W120 - body weight at 120 days of age, W210 — body weight at

210 days of age

A significant difference of 31.58 kg (P < 0.001) was
found at 365 days of age in favour of offspring sired
by AI bulls. In practice, mating is realized mainly by
Al because keeping the bull is expensive (Golda et al.,
1997). On the basis of results achieved the more sui-
table system of reproduction is Al, but data in Tab. I and
II shown that natural breeding is the most frequently
used way of reproduction.

The effect of sex on body weight at 365 days of age
was significant (P < 0.001). Body weight of bull calves
was higher by 82.34 kg than that of heifers calves.

When evaluating growth ability of offspring at
365 days of age according to body conformation of
dams, a significant difference (P < 0.05) was found
between offspring of dams awarded less to 5 points and
offspring of dams awarded 6-10 points. At the age of
365 days offspring of dams which had been awarded
6-10 reached higher body weight by 59.34 kg than
offspring of dams awarded 1-5 for body conformation.

A significant effect (P < 0.001) of parity on body
weight at 365 days of age was confirmed. The differ-
ence in body weight of calves at 365 days of age that
had been born at the first to fourth calvings was 52.58 kg
in favour of calves born at later parities.

The dynamics of growth to 365 days of age were
significantly influenced by bisth weight, body weight

CZECH J. ANIM. SCIL, 44, 1999: 389-396

at 120 and at 210 days of age (P < 0.01-0.001). This
finding corresponds with results of Kratochvilova et al.
(1996) when reporting on growth and body develop-
ment of Black Pied heifers.
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OVERENI VLIVU ZVYSENYCH DAVEK VITAMINU E
NA UZITKOVE A HEMATOLOGICKE UKAZATELE
U BROJLERU

THE INFLUENCE OF INCREASED DOSES OF VITAMIN E
ON PRODUCTION AND HEMATOLOGICAL PARAMETERS
IN BROILERS

A. Fuéikova!, L. Papeov4’, A. Konetns', T. Hodina'

lCzech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic
2Biofaktary Praha s.r.o., Prague, Czech Republic

ABSTRACT: The aim of the work was to study an effect of higher vitamin E doses in fat-enriched diets on production and
hematological parameters in broilers, and to recommend an optimum dose. The effect of graded vitamin E doses was verified
on ROSS 208 broilers. The graded vitamin E doses in the loose diet fed ad libitum were 0; 25; 50; 100; and 150 ppm (added
values). Trials lasted for 42 days. In trials 1 and 2, the following was studied: production parameters (live body weight, feed
conversion), state of health on days 21 and 42, red and white blood picture on day 42. The evaluation of the red blood picture
in trial 1 revealed significant differences in hematocrit values between 50 ppm vitamin E group and that of 150 ppm vitamin E.
The red blood count results have indicated an evident growth of all its values in doses of 25, 50 and 100 ppm in both trials.
The white blood count revealed no substantial dependence on vitamin E levels, even though a significant difference was
found in monocyte counts between 25 ppm and 100 ppm. The data found must be verified on a higher number of animals
using higher doses of vitamin E than those tested. It can be stated that the highest efficacy of vitamin E in terms of growth
and feed conversion has been proved in 50 ppm and/or 100 ppm of vitamin E. Due to an insignificant difference between
the above groups, the dose of 50 ppm added to the diet is considered to be effective.

Keywords: vitamin E; production; hematology; broiler

ABSTRAKT: Cilem pokust bylo ovéfit vliv zvySenych davek vitaminu E (0, 25, 50, 100, 150 ppm) na uZitkové vlastnosti
a hematologické ukazatele u brojlerdi. Pokusy byly provadény na brojlerech masného typu ROSS ve dvou opakovénich. V 21 a
42 dnech vé&ku brojleril byla hodnocena hmotnost a ve 42 dnech v&ku konverze krmiva a ukazatele &erveného a bilého
krevniho obrazu. U hematologickych ukazateli byly signifikantni rozdily zji$tény u hodnot hematokritu v 1. pokuse a u hod-
not monocyti ve 2. pokuse. Z vysledki &erveného krevniho obrazu je patrné mirné zvySeni jeho hodnot u 25, 50 a 100 ppm
vitaminu E v obou pokusech. Zji$téni zavislosti vyZaduje provéfeni na vét§im poctu zvifat pii pouZiti vy$Sich dévek vitaminu E
(nad 150 ppm). Nejvyssi ucinnost vitaminu E ve vztahu k rustu a konverzi krmiva byla prokdzana na hladiné 50 ppm, resp.
100 ppm vitaminu E. Vzhledem k nevyznamnosti rozdilu mezi vy¥e uvedenymi skupinami pokldddme za dostate¢n& i¢innou
davku 50 ppm vitaminu E pfidavaného do krmné smési.

Klicov4 slova: vitamin E; uZitkové ukazatele; hematologie; brojler

UvVOoD vého metabolismu zasahuje tim, Ze zpomaluje $t€peni
Zivin pfi nasledném uvoliiovani energie. Uvniti bunék

V letech 1920-1923 byl izolovén alfa a beta tokoferol ~ chrani bunééné membrany, mitochondrie a nenasycené

z kli¢kového oleje a byl nazvan ,,vitaminem E*. Od té
doby bylo nashroméZdéno velké mnoZstvi poznatkd
o vlastnostech a pusobeni tokoferold. V pfirozenych
podminkédch zahrnuje skupina tokoferold 7 forem,
z nichZ nejicinnéjsi je alfa forma. Tato forma predsta-
vuje 95 % celkové aktivity vitaminu E v krmivech
(Vrzgula, 1990). Vitamin E je vyznamny antioxidant
a je pfitomen ve vech orgénech a tkanich. Do celko-
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fosfolipidy pred oxidaci a sniZuje tak spotfebu kysliku
v organismu (Putman, 1982), stimuluje imunitni odpo-
véd a tlumi zanétlivé procesy (Dutta-Roy et al., 1994).
V plazmé je vitamin E vazan predevsim na lipoprotei-
ny (chylomikra, VDL a HDL), ale o jeho transportu
v bufice je zatim zndmo maélo (Dutta-Roy et al., 1994).
Vitamin E pfiznivé zasahuje do metabolismu svalové
bilkoviny, pfispivd k normélnimu vyvinu bunék, k je-
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jich regeneraci a rustu (Zalabak et al., 1984). Vitamin E
je duleZity pro déleni bunék, dale pro nervstvo a kos-
terni svalovinu. Nejdéle znamy je vliv tokoferolu na
plodnost. Podle nové&jich poznatkl je charakteristickou
vlastnosti vitaminu E jeho schopnost preddvat vodik
radikdlim, které vznikaji pfi intermedidrnim metabolis-
mu, a v dal§im cyklu regenerovat chromované jadro
molekuly prostiednictvim systému kyselina askorbovi —
glutation. Ma tedy vyrazny acinek antioxidacni podob-
né jako jiné pfirozené antioxidanty, napf. vitamin C
nebo selen (Zalabdk et al., 1984). Obsah vitaminu E
v krmivu je nezastupitelny zejména u prasat a dribeZe
(Vrzgula, 1990). Velmi dileZité je zastoupeni vitaminu E
v krmivech pro plemennou i vykrmovanou dribeZ,
protoZe nedostate¢né zasobeni plemennych nosnic ma
za nasledek pfedevsim nizky obsah vitaminu E ve vejcich
a s tim souvisejici jeho nedostate&nou rezervu u jedno-
dennich kufat. Whitehead (1995) zjistil v celé fadé po-
kusii na drabeZi, Ze potfeba vitaminu E pro rist a snas-
ku vajec je relativng nizka. Vysoké hladiny vitaminu E
v diet& (10 000 mg/kg diety) sniZuji vajeCnou produkci.
Nutriéni zasady ve smyslu vysokych davek zlepSuji
imunitni reakce organismu, ale pozitivni vliv na uZit-
kové ukazatele (rist, konverze krmiva, produkce vajec)
nebyl pfi zvySovani pfiddvaného vitaminu E prokdzan
(Klassing, 1991; Weber, 1995).

MATERIAL A METODA

Cilem biologické testace bylo ovéfit vliv zvySenych
déavek vitaminu E na uZitkové vlastnosti a hematologic-
ké ukazatele u brojlert a podle vysledkt doporugit dav-
ku vitaminu E do tukovanych krmnych smési pro broj-
lery. Vysledné ukazatele byly studovany ve skupindch
s odstupfiovanymi davkami vitaminu E ve 42dennim
vykrmu brojlerti. Pokusy probihaly podle nasledujiciho
schématu:

Pokus 1+21+21+21+21+2
Skupina I 11 m v v
Pocet ks 60 60 60 60 60

Pfidany vitamin Ev mg/kg KS* 0 25 50 100 150

* v dal$im textu budou davky vitaminu E (mg/kg) vyjadfoviny
v hodnotich ppm

Pokusy byly provadény na brojlerech masného typu
ROSS. Primérna Ziva hmotnost brojlert pfi naskladng-
ni se pohybovala od 42 do 45 g. Brojlefi byli umisténi
v boxech po 30 kusech a dostavali sypkou krmnou smés
BR 1 a BR 2 (tab. I) ad libitum. Pokusné krmné smési
byly bez dopliiki biofaktori pfipravovany ve vyrobné
krmnych smé&si spole¢nosti Bentrade BeneSov. Ve vy-
vojové hale firmy Biofaktory Praha, s. r. 0., byly pfi-
dédvany dopliiky biofaktort (tab. II) s odstupfiovanymi
davkami vitaminu E. B&hem pokusu byl dodrZovan tech-
nologicky postup platny pro vykrm brojlerd ROSS
(teplotni a svételny reZim). Vliv davek vitaminu E byl
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I. SloZeni pokusnych krmnych smési BR1 a BR2 a kalkulovany
obsah Zivin — Formulation of experimental feed mixtures BRI and

BR2 and calculated nutrient
Komponenta' BRI (%) | BR2 (%)
PSenice? (12,5 % NL) 47 29,5
Kukufice? 18,5 37.8
Extrahovany s6jovy 3rot* (43 % NL) 21 19,5
Rybi moutka® (62 % NL) 4 3
Masokostni moutka® (49 % NL) 4 5
Tuk kafilerni’ 3 3
Minerélni smés® 1,5 1,2
Smé&s vitamind, aminokyselin
a antikokcidik (Biovitan Super BR1) — 1 1
doplngk biofaktora”
Kalkulovany obsah Zivin!? BRI BR2
Med MJ 12,50 12,80
NL g 216,85 203,45
VL g 32,46 30.85
ARG g 13,16 12,37
LYS g 12,33 11,45
MET g 5,52 5,12
THR g 1,76 7.39
TRP g 2,41 2,12
MET + CYS g 9,20 8,60
P nefyt. g 4,03 4,15
Ca g 10,77 10,55
P celk. g 7.81 7,57
Na g 1,74 1,61
Mn g 66,99 52,30
Zn g 71,73 61,21
Kyselina linolova'! g 10,72 13,55
Vitamin'2 A mj. 14 433,24 |11 677,45
Vitamin Dj m.j. 3 000,30 | 2 000,20
Vitamin B, mg 6,69 6,14
Vitamin B, mg 0,04 -
Vitamin E mg* 8,8 6,8

. . . . o ‘e . .
obsah vitaminu E z nativnich zdroju — vitamin E content from
native sources

lingredicm. %wheat, *corn, 4soybenn meal, *fishmeal, ®meat-bone
meal, "waste fat, *mineral mixture, *mixture of vitamins, amino acids
and anticoccidics (Biovitan Super BR1) — biofactor supplement,
calculated nutrient Uinoleic acid, '?vi

ovéfovdn ve dvou pokusech. Do prvniho pokusu byli
zafazeni kohoutci a slepi¢ky, do druhého pokusu pouze
kohoutci.

SLEDOVANE UKAZATELE

1. uZitkové ukazatele

— Ziva hmotnost

— konverze krmiva

— zdravotni stav (vyjadfen poctem thyni)
2. hematologické ukazatele

— Cerveny a bily krevni obraz.
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II. Obsah G&innych litek v 1 kg premixd — Content of efficient
ingredients per 1 kg of premixes

Biovitan Biovitan
BRI - SUPER | BR2 - SUPER
(m.j.) (m.j.)

VITAMINY!
Vitamin A 1 250 000 1 200 000
Vitamin Dy 350 000 250 000
Vitamin E ¥ *
Vitamin K, 300 500
Vitamin B, 300 500
Vitamin B, 600 1 000
Vitamin By 450 600
Vitamin B,, 2,5 4
Niacin? 3 000 5 000
Pantotenan vépenaty? 1 500 4000
Biotin* 75 -
Kyselina listova® 100 ~
Cholin® 40 000 40 000
AMINOKYSELINY’
DL-metionin 200 000 180 000
L-lyzin HCI 200 000 185 000
ANTIKOKCIDIKA®
Metichlorpindol 10 000 -
+ metylbenzochét 835 -
Maduramicin - 500

Davkovani: 1 %, tj. 10 kg premixu do 1 t krmné smési

Vitamin E byl zafazen do premixu (do DB) v odstupiiovanych
davkich, tak aby kone¢nd hladina vitaminu E v krmné smési byla
25 az 150 mg/kg (tj. 25-150 ppm) podle schématu pokusu na zacétku
kapitoly Materidl a metoda

Dosing: 1%, i.e. 10 kg of premix per | t of feed mixture

Vitamin E was included in premix (in DB) at graded doses so that
the final level of vitamin E in feed mixture would be 25-150 mg/kg
(i.e. 25-150 ppm) in accordance with a trial design described at the
beginning of the section Material and Methods

!vitamins, Zniacin, >calcium pantothenate, *biotin, folic acid,
choline, "amino acids, DL-methionine, L-Lysine HCI, “anticoc-
cidics, Metichlorpindol + methylbenzoquate, Maduramycin

Hmotnost kufat byla sledovéana ve véku 21 a 42 dnu.
Konverze krmiva a hematologické hodnoty byly vy-
hodnoceny ve 42. dni v&ku brojleri. Krev byla odebi-
rina z vena brachialis a stabilizovina K,EDTA. Pocet
erytrocyti (Er), hodnoty hematokritu (Hk), hodnoty he-
moglobinu (Hb), hodnoty stfedniho objemu erytrocyti
(MCYV - mean cell volume) a pocet leukocytu (Le) byl
stanoven na po¢ita¢i COULTER COUNTER, model ZF
(Coulter Electronics Ltd., England). Procentuélni za-
stoupeni jednotlivych typu bilych krvinek (diferencial-
ni rozpocet leukocyti Ne, Mo, Ly) bylo vyhodnoceno
po obarveni Papenheimovou metodou. Statistické zpra-
covani zjist€nych hodnot bylo provedeno analyzou roz-
ptylu jednoduchého tfidéni s vyuZitim Tukeyho metody
(Ziva hmotnost, hematologické ukazatele) a prikaznost
rozdili byla vyhodnocena Duncanovym testem.
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VYSLEDKY
POKUS 1
Uzitkové ukazatele

V pokuse byly zjiitény zmé&ny sledovanych parametri
v zavislosti na hladiné vitaminu E. Signifikantné vyssi
hodnoty hmotnosti byly zji$té€ny ve skupiné s 25 a 50 ppm
vitaminu E. Nejvyssi dcinnost konverze krmiva byla
dosaZena ve skupiné s 50 ppm vitaminu E. Zdravotni
stav kufat byl dobry, dhyny byly pfevainé v 1. tydnu
v&ku kufat. Vysledky uZitkovych ukazateli pokusu 1 jsou
uvedeny v tab. III.

Hematologické ukazatele

Ze sledovanych hematologickych ukazatelii byly zjis-
tény signifikantni rozdily u hodnot hematokritu mezi
skupinou s diavkou 50 ppm a 150 ppm vitaminu
(tab. IV a V). ‘

POKUS 2
Uzitkové ukazatele

Ve 2. pokuse byly vyznamné vy$§i hodnoty Zivé hmot-
nosti zaznamenény ve skupinich s 50 ppm a 100 ppm
vitaminu E (tab. VI). Celkové vy$§i ZivA hmotnost kufat
dosaZena na konci pokusu ve vech skupinich souvisi
s pohlavim (kohoutci) a s vy§§i podateéni hmotnosti
jednodennich kufat. Nejvyssi ucinnost konverze krmiva
byla prokéazéina ve skupiné se 100 ppm vitaminu E.

Hematologické ukazatele

Ve 2. pokuse byl ve vé€ku 42 dnii zaznamenén vy-
znamny rozdil v bilém krevnim obrazu v po¢tu mono-
cytd mezi skupinou s 25 ppm a 100 ppm vitaminu E
(tab. VII a VIII).

DISKUSE

Hladina vitaminu E u drubeZe je stale sledovanym
ukazatelem jak z hlediska vyuZiti a ovlivnéni procest
v organismu, tak z hlediska ekonomického. Firmy, kte-
ré se zabyvaji Slechténim dribeZe, uvadéji rizna dopo-
rudeni dévek vitaminu E do krmnych smési (nejsou
soucasti sdéleni). Na zaklad€ fady odli¥nych ddaju, kte-
ré jsme ziskali z teoretickych studii a technologickych
postuptl, jsme se rozhodli ovéfit potfebnou davku vita-
minu E jako pfidavek do krmnych smési pro vykrm
dribeZe. Z vysledkd naSich pokusi vyplyvé, Ze jako
nejucinnéjsi se ukazuje fortifikace krmné smési vitami-
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III. Vysledky pokusu &. 1 — Results of trial 1

Skupina! 1 11 111 \'/
Divka priddvaného vitaminu E mg/kg KS?  (ppm) 0 25 50 150
X+:s Xts Xts Xts
Primérnd potitetni hmotnost? [5) 42,4 42,6 42,6 425
a a b ab
Prium&mé hmotnost v 21. dni véku* ®
600 £ 37 602 £ 44 611 +25 610+ 8
. a b b ab
Primé&rné hmotnost ve 42, dni véku® ®
1 834 + 257 1 896 + 251 1903 + 218 1879 218
Konverze krmiva — 1. a% 42. den® (kg) 2,10 2,06 2,04 2,05
Index (%) 100 98,1 97,1 97,6
Ztrity dhynem’
1-21 (ks) 1 1 I 1
21-42 (ks) 0 0 0 0
Celkem®  1-42 (ks) 1 1 1 1

Poznamka: do pokusu byli zafazeni kohoutci i slepi¢ky

a, b, ¢ - rozdily mezi hodnotami oznaenymi stejnymi pismeny (v fidku) jsou statisticky nevyznamné (P > 0,05)

Note: both cockerels and pullets were included in the trial

a, b, ¢ — differences between the values designated by the same letters (in the line) are statistically insignificant (P > 0.05)

lgroup 1, %dose of vitamin E added, 3:\vemge initial weight, 4avemge weight at 21 days of age, 2 average weight at 42 days of age, Sfeed
conversion — days 1-42, 7mortulity loss, *total

IV. Hodnoty erveného krevniho obrazu u brojlert (1. pokus) — The values of red blood picture in broilers (trial 1)

Skupina! V(i::;‘k'gf Er (/1) Hk (%) Hb (/100 ml) MCV (fl)
n X * s n X * s n T * s n x * s
1 8 2,26 a |[023]| 8 | 2999 ab [3,04| 8 |[118 | a |149( 8 |13025| a [292
2 25 8 2,38 a |021| 8 |3283 ab [2,75| 8 [13,19| a |1,03| 8 |13500| a (7,33
3 50 8 2,46 a |012| 8 |3410( b [1,89) 8 [1325| a |070( 8 |I3550| a (4,14
4 100 8 2,40 a |016| 8 |3264 | ab [199| 8 |1280 | a |1,08( 8 |13325| a (4,17
5 150 8 2,20 a [031| 8 |2919| a |445| 8 [1200| a [1,08| 8 [130,50| a |4,63
* rozdily mezi praméry ené stejnymi pi y nejsou statisticky vyznamné (P > 0,05) — differences between the means designated by
the same letters are not statistically significant (P > 0.05)
! group, 2yitamin
V. Hodnoty bilého krevniho obrazu u brojlerd (1. pokus) — The values of white blood picture in broilers (trial 1)
Skupina! v:m::)s Le (G Ly (%) Mo (%) Ne (%)
n X * s n X * s n x * s n x * s
1 8 |2165| a |439( 8 | 6043 | a |675| 8 3,14 a [107| 8 [3643 | a |[6,68
2 25 8 |21,79 | a |284| 8 |6217| a |755( 8 | 233 a |08 8 (3550 a |7,50
3 50 8 |2395( a |3,70( 8 [6200]| a |977( 8 2,50 a |076| 8 |3550| a (921
4 100 8 [2386| a |234| 8 |6340| a |451| 8 2,20 a |10 8 |3440| a (472
5 150 8 |2145| a |332( 8 |6000| a [956]| 8 2,25 a |09 | 8 [37,75]| a |896
* rozdily mezi priméry éené stejnymi pi y nejsou statisticky vy é (P > 0,05) - differences between the means designated by

the same letters are not statistically significant (P > 0.05)

! group, %vitamin

nem E v dévce 50 nebo 100 ppm. Maurice a Lightsey i uZitkovost (hmotnost, konverze krmiva) u skupiny se
(1996), ktefi studovali pfidavky vitaminu E (13, 100, 100 ppm vitaminu E. Obdobné vysledky ziskali Blumm
300 ppm) do krmnych smési ve vztahu k uZitkovosti et al. (1992) a Mcllroy et al. (1993). Pfi vy3i hlading
a imunokompetenci u riiznych genotypu, zjistili nejlep-  pfidavaného vitaminu E (150 ppm) jsme prokazali, Ze
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VI. Vysledky pokusu &. 2 — Results of trial 2

Skupina' 1 11 i v \'
Dévka pfiddvaného vitaminu E mg/kg KS?  (ppm) 0 25 50 100 150
Xts Xts Xts Xts Xts
Prim&ma pocdtecni hmotnost? (2 445 44,5 44,5 44,5 445
a a b ab ab
Pram&mé hmotnost v 21. dni véku? (g)
676 =79 675 £ 76 705 = 59 683 * 65 684 + 61
a b () c b
Prim&ma hmotnost ve 42. dni v&ku® (8)
2308+207 ( 2374+212 | 2405+205| 2405+231| 2360215
Konverze krmiva — 1. aZ 42. den® (kg) 2,38 2,30 2,28 2,25 2,28
Index (%) 100 96,6 95,7 94,5 95,7
Ztrity ihynem’
1-21 (ks) 0 0 1 1 2
21-42 (ks) 0 2 2 1
Celkem® 1-42 (ks) 0 2 3 2

Pozniamka: do pokusu byli zafazeni kohoutci i slepi¢ky

a, b, ¢ - rozdily mezi hodnotami oznagenymi stejnymi pismeny (v fidku) jsou statisticky nevyznamné (P > 0,05)

Note: both cockerels and pullets were included in the trial
a, b, ¢ — differences between the values designated by the same letters

(in the line) are statistically insignificant (P > 0.05)

lgmup 1, 2dose of vitamin E added, 3:1vemge initial weight, 4avemgo;e weight at 21 days of age, savemge weight at 42 days of age, Sfeed

7

conversion — days 1-42, ‘mortality loss, 8total

VII. Hodnoty &erveného krevniho obrazu u brojlerii (2. pokus) — The values of red blood picture in broilers (trial 2)

Skupina! V(i::;ikrg)E Er (T/l) Hk (%) Hb (/100 ml) MCV (fl)
n x * s n x * s n x * s n x * s
1 8 | 234 | a |025| 8 |3004] a [323| 8 |1259] a |n14| 8 |12538] a | 6.02
2 25 8 | 242 | a |o025| 8 |3093| a [338| 8 |1260| a [119] 8 [12525| a | 406
3 50 8 [ 262 | a [oa6| 8 |3393| a [394| 8 |1409| a [093| 8 [12613| a | 844
4 100 8 2,49 a 0,23 8 33,06 a 4,88 8 13,39 a 2,42 8 130,50 a |14,61
5 150 8 2,51 a 0,46 8 31,25 a 5,81 8 14,38 a 3,48 8 121,75| a 6,43

X,

* rozdily mezi priméry c
the same letters are not statistically significant (P > 0.05)

'group. Zyitamin

é stejnymi pf y nejsou statisticky vyznamné (P > 0,05) — differences between the means designated by

VIIIL. Hodnoty bilého krevniho obrazu u brojlera (2. pokus) — The values of white blood picture in broilers (trial 2)

Skupina! V;::;“,L’;;E Le (G/l) Ly (%) Mo (%) Ne (%)
n x * s n X * s n x * s n x * s
1 8 20,33 a 1,82 8 | 6438 a [524)] 8 3,88 ab | LI3| 8 | 31,75 a | 4,37
2 25 8 19,31 a |352| 8 |[61,38 a |431| 8 | 550 b 1,31 8 33,13 a [3,72
3 50 8 22,49 a (098 8 (66,00 a |5I13| 8 4,63 ab | 1,41 8 29,38 a |4,96
4 100 8 |2054 | a [258| 8 | 6063 | a |7.67 8 338 | a (1,30 8 |3600(| a |832
5 150 8 21,56 a |5I15| 8 (6400 a |251| 8 3,88 ab [ 1,55 8 32,13 a |3,60
* rozdily mezi priméry oznacené stejnymi pi y nejsou statisticky vyznamné (P > 0,05) - differences between the means designated by

the same letters are not statistically significant (P > 0.05)

! group, 2yitamin

se mirné sniZila intenzita ristu a G¢innost konverze krmi-
va, coZ je v souladu s tvrzenim autoru Klassing (1991),
Weber (1995) a Whitehead (1995). Hodnoty Eerveného
a bilého krevniho obrazu nebyly vyznamné ovlivnény

CZECH J. ANIM. SCIL, 44, 1999: 397-402

davkami vitaminu E. Statisticky vyznamné rozdily byly
zaznamenény u hodnot hematokritu v 1. pokuse a hod-
not monocyti ve 2. pokuse. Z uvedenych vysledki ne-
lze udinit zavéry, které se tykaji ddvek vitaminu E,
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protoZe v dal§im, resp. pfedchozim pokuse nebyly sta-
tistické rozdily u uvedenych ukazatelt zjiStény. Nicméné
mirné zvySeni viech hodnot Eerveného krevniho obrazu
je patrné u davek 25, 50 a 100 ppm v obou pokusech.
Stejnou problematikou se zabyvali Jakobsen et al. (1995).
Tito autori sledovali vliv diet s pfidavkem vitaminu E
(100 a 150 ppm krmné smési) na ukazatele Cerveného
krevniho obrazu u brojlerovych kufic po dobu péti tyd-
nl. Rozdily v hodnotidch hematokritu nebyly u sledo-
vanych skupin statisticky vyznamné. Pokles poCtu eryt-
rocytl, hemoglobinu a hematokritu pfi ddvce 325 ppm
vitaminu E popisuji ve své praci Franchini et al.
(1988). Z nasich vysledkd hodnoceni hematologickych
ukazatelt vyplyva, Ze sledované davky vitaminu E ne-
ovlivnily vyznamné ukazatele ¢erveného a bilého krev-
niho obrazu a zji§téné zéavislosti vyZaduji ovéfeni na
vét§im poctu zvifat pfi pouZiti vyS8i (nad 150 ppm)
davky vitaminu E.
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A COMPARATIVE STUDY ON THE INDUCED SPAWNING
IN FEMALE LOACH (MISGURNUS FOSSILIS) BY MEANS
OF SINGLE AND DOUBLE PITUITARY INJECTION
TECHNIQUE"

SROVNAVACI STUDIE INDUKOVANEHO VYTERU U SAMIC PISKORE
PRUHOVANEHO (MISGURNUS FOSSILIS) PROSTREDNICTVIM JEDNO-
A DVOUDAVKOVE INJIKACE

I. Addmkova-Stibranyiova', Z. Addmek', I. Sitovsky>

: University of South Bohemia, Research Institute of Fish Culture and Hydrobiology,
Laboratory Pohorelice, Czech Republic
2 Fisheries Pohotelice Co., Czech Republic

ABSTRACT: The spawning in eight loach (Misgurnus fossilis L.) females of body weight 36.3 * 8.3 g (total and standard
lengths of 200 + 18 and 177 % 16 mm, respectively) and five males of body weight 24.9 + 4.5 g (total and standard lengths
of 183 + 14 mm and 162 + 10 mm, respectively) was induced. The same dose (5 mg per kg of body weight) of carp pituitary
was administered to the females in one (group A) and two (group B) injections, 12 h apart. Ovulation occurred in all treated
females, while the used treatment technique affected significantly (P < 0.001) the time between injection and ovulation.
Females in the group A appeared to have a longer time to ovulation compared to that in the group B. Ovulation occurred
20-21 h (392-412 hourgrades) and 12-13 h (234-254 hourgrades) following the decisive injection in the groups A and B,
respectively. There were no statistically significant effects between both groups on any other spawning characteristics. The relative
weight of ovulated eggs represented 22.6 + 5.0% of female’s weight prior to the propagation. Altogether 8 786 + 2 161 eggs of
individual weight of 1.00 * 0.03 mg were gained from one female. Relative stripping fecundity reached 224.7 + 51.0 ths.
eggs per | kg female’s weight. A viable offspring was gained after fertilization and incubation of stripped eggs.

Keywords: Misgurnus fossilis; induced spawning; pituitary treatment; ovulation; eggs; stripping fecundity

ABSTRAKT: Byl indukovan vytér u osmi samic piskofe pruhovaného (Misgurnus fossilis L.) o individudlni hmotnosti 36,3 *
8,3 g (celkové a standardni délka 200 + 18 mm a 177 + 16 mm) a péti samci o individualni hmotnosti 24,9 + 4,5 g (celkova
a standardni délka 183 *+ 14 mm a 162 * 10 mm). Samicim byla podéna identickd ddvka (5 mg na kg hmotnosti t&la) kapfi
hypofyzy jednorazovou injikaci (skupina A) nebo injikaci ve dvou oddélenych divkach (skupina B) v intervalu 12 h. Ovulace
byla dosaZena u viech ofetfenych samic, pfitemZ pouZity injikadni postup vyznamn& ovlivnil dobu mezi injikaci a ovulaci.
Doba potiebnd pro dosaZeni ovulace byla u samic skupiny A del§i (P < 0,001) ve srovnéni se skupinou B. Ovulace ve
skupinich A a B nastala 20 aZ 21 h (392-412 hodinovych stupiii) a 12 aZ 13 h (234-254 hodinovych stupiiti) po injikaci.
Statisticky vyznamné rozdily mezi ob&ma skupinami u jinych reproduké&nich ukazateli nebyly prokazany. Relativni hmotnost
vytfenych jiker reprezentovala 22,6 * 5,0 % hmotnosti samic pfed vytérem. Od jedné samice bylo ziskdno 8 786 + 2 161 jiker
o individudlni hmotnosti 1,00 + 0,03 mg. Relativni pracovni plodnost dosahla 224,7 + 51,0 tis. jiker na 1 kg hmotnosti samic.
Po oplozeni a inkubaci vytfenych jiker bylo ziskdno Zivotaschopné potomstvo.

Klicovi slova: Misgurnus fossilis; indukovany vytér; hypofyzace; ovulace; jikry; pracovni plodnost

INTRODUCTION tection Act No. 114/1992. The endangered state of Mis-
gurnus fossilis populations is documented by a consid-

Loach M. fossilis (Linnaeus, 1758) is classified among  erable reduction of localities of its distribution and de-
endangered species according to the Czech Nature Pro-  clining abundance of populations (Lusk, Hanel, 1996).

* This work was financially supported by the Fund of Universities Development of the Ministry of Education, Youth and Sport of the Czech
Republic (Project No. F 826). Manipulation with loach individuals was performed on the basis of an exception from basic rules for the protection
of particularly protected animals granted by Regional Council in Breclav (No. ZP 693/95-246/Pr).
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Artificial breeding methods have been recently started
in M. fossilis for the needs of its reintroduction for the
benefit of conservation of fish fauna species diversity.
As known from the literature data, Geldhauser (1992)
tested the possibility of carp pituitary treatment for the
artificial propagation of loach, and he gained eggs from
9 (75%) females, when using one injection dose of 3 mg
pituitary per kg of female body weight. On the con-
trary, Bohl (1993) reported that no induced ovulation
was registered in any of 5 loach females treated with
3-5 mg carp pituitary in one injection, but the ovula-
tion occurred in 23 (85%) females via high doses of
carp pituitary (8-12 mg). In the Czech Republic, the
loach artificial reproduction was attempted firstly in
1993 (Koufil, Hamackova, 1996; Koufil et al., 1996).
A carp pituitary dose of 5 mg per kg administered in
two injections (0.5 and 4.5 mg per kg) 17.5 h apart was
found to be effective in induction of ovulation in 3 (60%)
loach females.

In addition to this knowledge, this study was fo-
cused on the comparison between the use of pituitary
treatment techniques with one and two (preliminary
and decisive) injections as a tool of spawning induction
in loach females of the identical origin. Carp pituitary
of 5 mg per kg of body weight was used for this pur-
pose, when 10 per cent of pituitary was given in a pre-
liminary dose, and a shorter, only 12 h interval between
preliminary and decisive injection was tested in the
case of double injection treatment technique.

MATERIAL AND METHODS

The broodfish of loach were caught at the beginning
of May (water temperature 15.2 °C), using a lift net
and a dip net in macrophyte beds in a channel connect-
ing the ponds in the Pohofelice region. Only eight fe-
males of individual weight of 36.3 + 8.3 g, total length
(TL) of 200 = 18 mm and standard length (SL) of 177
16 mm, and five males of weight of 249 £ 4.5 g, TL
of 183 + 14 mm and SL of 162 *+ 10 mm were captured.
Fish were transferred into flow-through hatchery tanks
where they were left for one week under gradually in-
creasing water temperature up to 19 to 20 °C. Subse-
quently, the females were divided into two groups (A and
B), whilst the females of the group B were preliminar-
ily treated with 0.5 mg dry pituitary per kilogram of
body weight. After the elapse of 12 hours, the decisive
injections of pituitary in the dose of 4.5 mg per kg were
given to the females of the group B, and the pituitary
dose of 5 mg per kg were administered in one injection
to the females of the group A and to the males (Table I).
Dried carp pituitaries were ground and dissolved in the
physiological saline before the intramuscular adminis-
tration.

Ovulating females were anaesthetised and hand
stripped into separate dry containers. The stripped eggs
were weighed and a representative sample of 100 to
150 eggs was taken from each female. After that, the
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1. Experimental design of artificial propagation of loach (Misgurnus
fossilis L.) under controlled conditions

Pituitary Fish Total | Standard
Sex Group dose weight | length | length
(mg/kg) (®) (mm) | (mm)
449 213 190
A 5 39.9 204 182
374 211 184
Femal 17.4 157 140
41.5 210 187
B 0.5 +45 34.9 198 176
31.7 199 174
37.0 207 186
21.0 177 155
20.2 164 148
Males 5 261 | 186 | 168
257 187 166
314 201 173

eggs were mixed together and fertilized with pooled
milt of males which was taken by a syringe. The con-
tainer content was mixed, activated by temperated well
water and the egg stickiness was removed using milk
diluted with water at a ratio 1 : 10 (50 min) followed
by the application of clay suspension (5 min). Eggs
were incubated in 9-litre Zuger jars. The stripped fish
were released into the natural locality after the preventive
treatment in a formaldehyde-malachite green solution.
Each stripped female was subjected to the following
examinations: time between injection and ovulation
(hours and hourgrades), relative weight of ovulated eggs
(% of total body weight of female prior to propagation),
unswollen egg weight (mg), absolute stripping fecun-
dity (eggs per female), relative stripping fecundity (ths.
eggs per 1 kg of female). Because of restricted mani-
pulation with loach individuals (see Introduction) the
gonadosomatic index could not be assessed for the rea-
sons of the necessity to sacrifice fish. Results were
statistically analysed using two sample analysis.

RESULTS

Ovulation was induced in all (100%) females of loach
treated with carp pituitary. Administration of pituitary
either in one or two injections did not affect either
ability to spawn or stripping fecundity of broodfish, but
significantly influenced (P < 0.001) the time required
for the attainment of ovulation (Table II). The females
of the group B (double injection technique) ovulated 12 to
13 hours (234 to 254 hourgrades) following the deci-
sive injection. In the group A (one injection) ovulation
occurred 20-21 h (392-412 hourgrades) after pituitary
administration, while one female in this group was not
stripped totally. Its stripping was interrupted without
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II. Artificial propagation characteristics of loach females, treated with one (A) and two (B) injections of carp pituitary

Weight Time between i'njection and | Relative weight E_gg Absolute stfipping Relative sn:ipping
Group ovulation of ovulated eggs weight fecundity fecundity
(g) h hourgrade (%) (mg) (eggs/female) (ths. eggs/kg female)
449 20 392 23.8 0.99 10 800 240.5
2 39.9 20 392 28.1 1.00 11 200 280.7
374 20 392 13.1 0.98 5 000 133.7
17.4 21 412 11.8' 0.98 2 100' 120.7'
41.5 12 234 19.4 1.06 7 600 183.1
B 349 12 234 223 1.00 7 800 2235
37.7 13 254 244 1.00 9200 244.0
37.0 13 254 26.8 1.00 9900 267.6
! partly stripped

emptying the ovary when finding a low quality of
stripped eggs (approximatelly 30% proportion of eggs
white in color) and due to the danger of a deep trauma
for stripped fish. This phenomenon should not be linked
with the single injection pituitary technique apparently,
as this brood female was about half in size (17.4 g) in
comparison with the others and externally it seemed not
to be fully mature already prior to the injection.

Relative weight of stripped eggs reached on average
22.6 + 5.0% of female’s weight prior to the propaga-
tion. The mean weight of one egg fluctuated between
0.98 and 1.06 mg, and reached 1.00 mg on average.
Number of eggs gained from one female was from
5000 to 11 200, 8 786 + 2 161 eggs on average. Rela-
tive stripping fecundity was found to be in the range of
133.7-280.7 ths. eggs per 1 kg of female’s weight, and
224.7 * 51.0 ths. eggs on average. After fertilization
and incubation of stripped eggs, a viable offspring was
gained.

DISCUSSION

After administration of pituitary in two injections 12 h
apart, the ovulation was achieved after a shorter time
than that observed at double injection given 17.5 h
apart, as reported by Koufil, Hamackova (1996) and
Koufil et al. (1996) (Table III). When treating with the
same dose of carp pituitary in one injection, the time
period required to ovulation was by 65% longer in com-
parison with double treatment techniques. Similarly to
our findings, Bohl (1993) registered that a bigger part
of broodfish from single treated females ovulated
within less than 456 hourgrades, but the ovulation time
of the rest of fish was twice longer. His observation
regarding the stripping time is missing more detailed
specification unfortunately, probably due to the low
frequent fish checking. The single injected females
checked in two-hour intervals (Geldhauser, 1992) ovu-
lated later, after 597 hourgrades. Taking into account
that the author spawned fish at a considerably lower
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temperature than we did, the difference in stripping
times might be linked with the fact that the relation
between water temperature and stripping time appears
to be linear in a certain temperature range. Also, as
concluded by Huisman (1979), the amount of heat
needed for fish maturation is not a constant value, but
varies depending on the starting temperature level. The
individual egg weight, as well as the relative weight of
stripped eggs, was in agreement with the data of Geld-
hauser (1992), Koufil, Haméackova (1996) and Koufil
et al. (1996) published earlier. Similarly to these re-
sults, Podubsky, Stédronsky (1954) found an average
weight of ovaries as 24.17% of total weight by exami-
nation of 15 sacrificed females weighing between
15.4 and 106.5 g during a prespawning period.

Absolute stripping fecundity achieved in our experi-
ment corresponded to the values found by the other
authors in fish of similar size. Higher values occurred
in females of larger size used by Geldhauser (1992).
Fecundity values as total numbers of eggs in the ovaries
of sacrificed fish presented by Podubsky, St&dronsky
(1954) (5 000-35 000 eggs, 20 000 on average) or more
recently by Lusk et al. (1983) and Horst (1983) (5 000-
30 000 and 16 000-28 000 eggs, respectively) are in
good agreement with our results. The data given by
Bauch (1953) (150 000 eggs per female) do not corre-
spond to any of the above mentioned studies including
this one. The relative stripping fecundity of loach females
was always lower or similar when compared with rela-
tive fecundity of sacrificed fish amounting to 326 000
(Podubsky, Stédronsky, 1954), and 265 000-296 000
eggs per kg body weight (Horst, 1983), which is con-
nected with the common phenomenon of the inability
of a part of eggs in ovaries to ovulate.
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III. Review of literature data regarding the artificial propagation of loach

vaspensis| LT | Flia® | T e | c Mecarmtes | B Y iy = i |, s
(°C) (g) (mg/kg) h hourgrade ovulated total (%) (mg) (eggs/female) (ths. eggs/kg)
15.3 60-120 3.0 39 597 9 12 2421-3095° | 1.0-1.4% 20 896 214.8 Geldhauser (1992)
3-5 0 0 0 5 2 ;. L =
1820 | 2540 2 <456’ ¥ Bohl (1993)
8-12 27 - - 4 000-8 000 =
<48 <9122 10
0.5 +45 16 288 1 ]
18 147-688 | (17.5 )’ 5 24224679 [107+0.12 | 8666+ 4171 SALIED | Bt e o
17 306
0.5 +45 12 234
(12 )" 4
1920 | 17.444.9 13 254 2 226 +5.0° 1004003 | 878621613 2247+ 51.0° | this study
20 392 3
5.0 4
21 412 1
- no figures

time interval between preliminary and decisive injection

2

calculated - based on the reported data

3 without value for female weighing 17.4 g (partly stripped)
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THE EFFECT OF ENZYME PREPARATION WITH MOSTLY
PROTEOLYTIC ACTIVITY IN MIXTURES FOR EARLY
WEANING OF PIGLETS WITH DIFFERENT PROTEIN
LEVELS ON INDICATORS OF GROWTH AND NUTRIENT
DIGESTIBILITY

VLIV ENZYMOVEHO PREPARATU S PREVAZUJICI
PROTEOLYTICKOU AKTIVITOU VE SMESICH PRO CASNY ODSTAV
SELAT, S RUZNOU HLADINOU N-LATEK, NA UKAZATELE RUSTU
A STRAVITELNOST ZIVIN

P. Zoba¢, 1. Kumprecht

Research Institute of Animal Nutrition, Pohorelice, Czech Republic

ABSTRACT: Metabolic and feeding comparative trials were conducted to study the effect of enzyme preparation Allzyme
Vegpro Concentrate (AVC) with mostly proteolytic activity, when applied to complete feed mixtures for early weaning of
piglets (COS) and containing 16 and 24% of soybean meal (21.26% and 23.81% of proteins), as exerted on piglet weight,
feed consumption per 1 kg weight gain, digestibility of N, fat, fiber and nitrogen-free extract while N output in excrements
was parallelly investigated. Piglets of the hybrid Large White x Landrace, weaned at 28 days of age, were included in a
metabolic trial and in a feeding comparative trial (12 and 48 animals, respectively). The coefficients of protein digestibility
determined in a metabolic trial were within the range of natural variability (84.01-86.01%). Higher protein level and appli-
cation of enzyme preparation AVC significantly (P < 0.1 — P < 0.05) positively increased N conversion of N uptake and N
conversion of digested N. The highest relative difference in N conversion of N uptake 20.65% was determined between piglet
group (a3) (60.53%) and piglet group (ap) (50.17%). The highest relative difference in N conversion of digested N 20.71%
was observed between group (a;) (70.35%) and group (ay) (58.28%). The digestibility coefficients for fat (70.04-76.08%),
fiber (61.29-68.49%) and nitrogen-free extract (90.50-91.88%) were not influenced by experimental variants, being within
the range of natural variability. Higher protein content in COS mixtures resulted in higher N output in excrements per 1 kg
weight gain. But N output in excrements was decreased by 10% by AVC applications to feeds with higher protein level (a3)
in comparison with the group not receiving AVC (a,). Neither was the effect of protein content nor that of enzyme preparation
on piglet live weight and average daily weight gain statistically significant. The values of live weight at the end of the trial
(19.617-21.992 kg) and average daily weight gain (337-404 g) were within the range of natural variability. Higher protein
content and AVC applications to feeds with lower and higher levels of proteins positively decreased feed consumption (in kg) per
1 kg weight gain. The lowest feed consumption per 1 kg weight gain was determined in piglet group (a3) (1.618 kg), which
received COS feed mixtures with 23.81% of proteins and AVC. The relative difference 11.68% from group (ap) (1.832 kg)
was statistically significant at (P < 0.1).

Keywords: piglets; enzyme preparation Allzyme Vegpro Concentrate; growth; feed consumption; nutrient digestibility; N output
in excrements

ABSTRAKT: V bilan¢nim a krmném srovndvacim pokusu byl studovan vliv enzymového preparitu Allzyme Vegpro Con-
centrate (AVC), vykazujiciho pfevazné proteolytickou aktivitu, aplikovaného do kompletnich krmnych smési pro ¢asny odstav
selat (COS), obsahujicich 16 % a 24 % séjového extrahovaného rotu (21,26 a 23,81 % N-latek), na hmotnost selat, spotfebu
smési na 1 kg pfirustku, stravitelnost dusiku, tuku, vlikniny a BNLV, v&etn& sledovéani mnoZstvi dusiku vylou&eného v ex-
krementech. Do bilanéniho (12 selat) i krmného srovndvaciho (48 selat) pokusu byla zarazena selata hybrida plemen bilé
uslechtilé x landrase, odstavena ve v&ku 28 dni. Bilan¢ni i krmny srovnédvaci pokus byly formulovany jako jednofaktoridlni
s opakovanim podle vzorce A 4 x (3) — bilan&ni, A 4 x (12) — krmny srovnévaci pokus, pfitem%: a, — krmné sm&si COS
obsahujici 16 % séjového extrahovaného $rotu a 21,26 % N-latek bez sledovaného aditiva, a; — krmné smési COS obsahujici

* Supported by the Ministry of Agriculture of CR (Project No. RE0960996553 of the National Agency for Agricultural Research).
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16 % s6jového extrahovaného rotu a 21,26 % N-latek s 5 g enzymového preparatu AVC, a, — krmné sm&si COS obsahujici
24 % s6jového extrahovaného ¥rotu a 23,81% N-litek bez sledovaného aditiva, a; - krmné smési COS obsahujici 24 %
s6jového extrahovaného $rotu a 23,81 % N-litek s 5 g enzymového preparatu AVC. V tab. II jsou uvedeny hodnoty ziskané
ze sledovani stravitelnosti zakladnich Zivin v bilanénim pokusu. Koeficienty stravitelnosti N-litek se pohybovaly od 84,01 do
86,01 % v mezich pfirozené variability. Pfi pouZiti vy33i hladiny N-latek v kombinaci s preparitem AVC (a3) bylo zazname-
nano prikazn& (P < 0,1) vys$§i vyuZiti N z pfijatého N oproti skupiné ay. RovnéZ vyuziti N ze straveného N bylo u skupiny
a, prukazné (P < 0,05) vy3Si oproti skupiné a,. VyuZiti dusiku z pfijatého dusiku ¢inilo u skupiny a; 60,53 % a u skupiny
ay 50,17 %, piitemz relativni rozdil mezi ob&ma skupinami byl 20,17 %. V ptipad€ vyuZiti N ze strdveného N u skupiny a3
bylo dosaZeno hodnoty 70,35 % a u skupiny a, 58,28 %, coZ pfedstavuje relativni rozdil 20,71 %. Koeficienty stravitelnosti
tuku (70,04-76,08 %), vldkniny (61,29-68,49 %) a BNLV (90,50-91,88 %) nebyly pokusnymi zdsahy ovlivnény a pohybo-
valy se v mezich piirozené variability. MnoZstvi N vylou¢eného exkrementy na 1 kg pfiristku selat je uvedeno v tab. III. Vy3§i
obsah N-litek ve smésich COS mél za nasledek i vy3§i mnoZstvi vylougeného N exkrementy na 1 kg pfiriistku. Preparat AVC
aplikovany do smési s vy38i hladinou N-litek (a;) sniZil v8ak o 10 % mnoZstvi N vylufovaného exkrementy oproti skupiné
bez preparitu AVC (a,). Hmotnost selat a primérny denni pfiristek (tab. IV) nebyly jak obsahem N-latek, tak i pouZitym enzy-
movym preparatem statisticky vyznamné ovlivnény. DosaZené hodnoty hmotnosti na konci pokusu (19,617-21,992 kg) a primér-
ného denniho pfirtstku (337-404 g) se pohybovaly v mezich pfirozené variability. Vy3§i obsah N-latek, ale i preparit AVC
aplikovany do smési jak s niZ8i, tak i s vy33i hladinou N-latek pozitivné sniZily spotfebu smési na 1 kg pfirastku. NejniZsi
spotfeba smési na 1 kg pfiriistku byla zaznamenéna u skupiny selat a5 (1,618 kg), ktera byla krmena sm&smi COS s 23,81 %
N-litek a preparitem AVC. Relativni rozdil 11,68 % oproti skupiné a, (1,832 kg) byl statisticky vyznamny (P < 0,1).

Klicovi slova: selata; enzymovy preparit Allzyme Vegpro Concentrate; riist; spotfeba krmiv; stravitelnost Zivin; vyludovéni

dusiku exkrementy

INTRODUCTION

The importance of enzyme preparations segregating
polysaccharides in barley, wheat and rye based feeds
was satisfactorily documented in Czech and in foreign

'literature. Little attention has been paid to improvement
of digestibility of plant proteins in feed mixtures for
poultry and pigs. Enzyme preparation Allzyme Vegpro,
which is able to improve the nutritive value of vegeta-
ble feeds rich in proteins, was developed by ALLTECH
company. This effect was demonstrated in trials on chick
broilers (Schang er al., 1997; Sefton, Perdok, 1996;
Stanley et al., 1996; Swift et al., 1996; Kumprecht,
Zobac, 1998).

The efficiency of enzyme preparation Allzyme Veg-
pro in feed mixtures for piglets and pigs was determi-
ned in a few trials only. The most extensive trial was
conducted by Lindemann et al. (1997a). The effect of
enzyme preparation Allzyme Vegpro was studied in
a two-factor trial; AVC was applied to feeds with low
and high levels of metabolizable energy at an amount
of 0.1%. The enzyme preparation significantly improved
feed conversion in mixtures with both low and high
energy content. Moreover, significantly higher average
daily weight gains were recorded for feeds with high
energy content. Piglets weaned at 21 days at average
live weight of 6.8 kg were included in the second trial
carried out by Lindemann et al. (1997b); they received
complete feed rations with addition of 0%, 0.075%,
0.15% of Allzyme Vegpro concentrate. No effect on
average daily weight gains (362, 372 and 379 g/day)
was observed in the first three weeks after weaning
while daily feed intake was 521, 521 and 529 g/day.
Feed conversion showed linear improvement (1.45;
1.40 and 1.39).
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The goal of this paper was to study the effect of
enzyme preparation Allzyme Vegpro Concentrate (AVC)
with mostly proteolytic activity, when applied to com-
plete feed mixtures for early weaning of piglets (COS)
containing 16 and 24% of soybean meal (21.26 and
23.81% of proteins), as exerted on piglet live weight,
feed consumption per 1 kg weight gain, digestibility of
N, fat, fiber and nitrogen-free extract, including N out-
put in excrements.

MATERIAL AND METHOD

A metabolic trial on 12 piglets housed individually
in metabolic cages and a feeding comparative trial on
piglets housed in cages with four animals in each were
conducted for the purposes of this study. Forty-eight
weanling piglets were included in the feeding compara-
tive trial. Piglets of the Large White x Landrace hybrid,
weaned at 28 days of age, were used in these metabolic
and feeding comparative trials.

The metabolic trial lasted 21 days. It consisted of
three metabolic periods while every preparatory period
lasted 3 days and every metabolic period 4 days. Before
the metabolic period began, piglets in metabolic and
group cages underwent so called habituation period
within the first 10 days. Separated collection of excre-
ments and urine was feasible in metabolic cages where
the piglets were housed. Piglets received precision
weighed limited feed rations twice a day. Piglets were
weighed at the beginning and at the end of every meta-
bolic period. Chemical analyses of feed, excrements
and urine were carried out in every period.

Piglets in the feeding comparative trial (36 days)
were weighed at the beginning of the trial and at its
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termination. Piglets received COS mixtures ad libitum,
and feed consumption was determined continually.
The metabolic and feeding comparative trials were
designed as one-factor trials with replication according
to the formula A 4 x (3) — metabolic one, A 4 x (12) —
feeding comparative one where
ay — feed mixtures COS containing 16% soybean meal
and 21.26% proteins without additive
a; — feed mixtures COS containing 16% soybean meal
and 21.26% proteins with 5 g of enzyme prepara-
tion AVC
a, — feed mixtures COS containing 24% soybean meal
and 23.81% proteins without additive
a; — feed mixtures COS containing 24% soybean meal
and 23.81% proteins with 5 g of enzyme prepara-
tion AVC.
Table I shows the formulation and nutrient content
in feed mixtures COS.
The enzyme preparation Allzyme Vegpro was pro-
duced by ALLTECH inc., Kentucky, USA. The en-
zyme preparation Allzyme Vegpro contains enzymes

hydrolyzing proteins, nonstarch polysaccharides and
lipids.

Chemical composition of feeds, excrements (dry mat-
ter, protein, fat and fiber) and urine (nitrogen) was de-
termined according to standard methods defined in the
national standard CSN 46 7092 (1986). Data were proces-
sed by analysis of variance (Snedecor, Cochran, 1969).

RESULTS

Table II shows data on digestibility of basic nutri-
ents in the metabolic trial. Coefficients of protein di-
gestibility were between 84.01 and 86.01% within the
range of natural variability. When the higher level of
proteins was used in combination with AVC (a3), N con-
version of N uptake was significantly higher (P < 0.1)
than in group (ap). N conversion of digested N was also
significantly (P < 0.05) higher in group (a3) than in
group (ag). N conversion of N uptake amounted to
60.53% in group (a3) and to 50.17% in group (ay), the

1. Formulation and nutrient contents of COS feed mixtures used in feeding and metabolic trials

Symbols for COS mixtures

Ingredient ay a; [ a, ay
percentage content

Skimmed milk powder 10 10 10 10
Fish meal 5 5 5 3
Soybean meal 16 16 24 24
Sugar 3 3 3 3
Potato flakes 10 10 10 10
Barley 15 15 15 15
Wheat 183 18.3 103 10.3
Corn 13 13 13 13
Wheat flour 5 5 5 5
Wheat germs 3 3 3 3
Feeding salt 0.2 0.2 0.2 0.2
Dicalcium phosphate 0.5 0.5 0.5 0.5
UBIOVITAN COS Plus 0.5 0.5 05 0.5
BMineral feed additive MKP-S 0.5 0.5 0.5 0.5
Enzyme preparation AVC - 5 g/100 kg - 5 g/100 kg
Dry matter 89.09 89.09 89.25 89.25
Crude protein (N x 6.25) 21.26 21.26 23.81 23.81
Fat 245 2.45 242 242
Fiber 3.22 3.22 3.51 3.51
Ash 10.33 10.33 10.69 10.69
Nitrogen free extract 51.83 51.83 48.82 48.82
Organic matter 78.76 78.76 78.56 78.56

" Biofactor supplement Biovitan COS Plus contains: vitamin A 2 000 000 i.u., vitamin D4 400 000 i.u., vitamin E 6000 mg, vitamin K,
300 mg, vitamin B, 200 mg, vitamin B, 900 mg, vitamin B, 400 mg, vitamin B, 4 mg, niacin 4000 mg, calcium pantothenate 2000 mg,
bloun 20 mg, chohne 80 000 mg, vitamin C 8000 mg, L-lysine HCI 250 000 mg

2 MKP-S hosphate 37.5%, MD-I 7.5%, feeding calcite 18%, feeding flour 37.0%

MD-I contains: ferrosulphate 300 000 mg, copper sulphate 17 000 mg, zinc oxide 65 000 mg, manganese oxide 27 000 mg, cobalt sulphate
2 000 mg, potassium iodide 500 mg, siloxid 20 000 mg, feeding wheat meal ad | kg
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II. The effect of enzyme preparation AVC in COS feed mixtures with different protein levels on nutrient digestibility in weanling piglets

(metabolic trial)

T it Experimental variants
ki) 2 2 a3

Number of piglets 3 3 3 3
Average initial weight kg 7.933 8.133 8.033 7.933
Average final weight kg 13.767 13.533 14,200 13.767
S.D. kg + 1.380 + 1.710 +0.557 + 0.862
Sample size 6 6 6 6
N digestibility coefficient % 85.73 84.01 84.36 86.01
S.D. % +2.283 ¥333 +235 +4.00
Index I % 100.00 97.99 98.40 100.33
Index 11 %o 100.00 97.99 100.00 101.96
N conversion of N uptake %o 50.17" 54.16 57.44 60.53°
S.D. % +10.28 +5.31 +3.89 +4.15
Index %o 100.00 107.95 114.49 120.65
Index I1 %o 100.00 107.95 100.00 105.38
N conversion of digested N % 58.28" 66.14 68.04 70.35"
S.D. % +10.70 +7.18 +3.30 +2.87
Index I % 100.00 113.49 116.75 120.71
Index II %o 100.00 113.49 100.00 103.40
Fat digestibility coefficient %o 76.08 70.62 70.04 75.26
S.D. % +5.19 +7.85 +5.86 +7.23
Index I % 100.00 92.82 92.06 98.92
Index 11 % 100.00 92.82 100.00 107.45
Fiber digestibility coefficient % 68.12 61.29 64.15 68.49
S.D. % +9.66 +744 +6.12 +10.27
Index I % 100.00 89.97 94.17 100.54
Index II % 100.00 89.97 100.00 106.77
Nitrogen-free extract digestibility coefficient % 91.88 90.86 90.50 91.38
S.D. % + 1.56 +1.23 +1.21 +2.09
Index [ Po 100.00 98.89 98.50 99.46
Index 11 To 100.00 98.89 100.00 100.97

Legend: a, — feed mixtures COS containing 16 % soybean meal and 21.26 % N
a, - feed mixtures COS containing 16 % soybean meal and 21.26 % N with 5 g enzyme preparation AVC/100 kg
a, — feed mixtures COS containing 24 % soybean meal and 23.81% N
a3 — feed mixtures COS containing 24 % soybean meal and 23.81% N with 5 g enzyme preparation AVC/100 kg

Small letters designate values significantly different at P < 0.05
Arabic numerals designate values significantly different at P < 0.1

relative difference between both groups was 20.17%.
The value for N conversion of digested N was 70.35%
in group (a3) and 58.28% in group (aj), the relative
difference being 20.71%. The coefficients of digestibil-
ity of fat (70.04-76.08%), fiber (61.29-68.49%) and
nitrogen-free extract (90.50-91.88%) were not influ-
enced by experimental variants and were within the
range of natural variability.

Table III shows N output per 1 kg weight gain in
piglets. The higher protein content in COS mixtures
resulted in higher N output in excrements per 1 kg
weight gain. AVC applied to mixtures with higher pro-
tein level (a3) decreased N output in excrements by
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10% in comparison with the group not receiving AVC
(82)-

Table IV shows piglet weight, feed consumption per
1 kg weight gain and average daily weight gain in pig-
lets in the feeding comparative trial. Neither did protein
content nor the enzyme preparation have any statisti-
cally significant effects on piglet weight and average
daily weight gain. The values of live weight at the end
of the trial (19.617-21.992 kg) and average daily
weight gain (337404 g) were within the range of natu-
ral variability. Higher protein content, and AVC appli-
cations to feeds with lower and higher protein levels
positively decreased feed consumption (in kg) per 1 kg
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IIL. The effect of enzyme preparation AVC in COS feed mixtures with different protein levels on N output in excrements of piglets per 1 kg

weight gain
s Experi | variants
Parameter Unit
) 3y ] a3

N output per 1 kg weight gain g 2239 22.82 27.76 24.99
S.D. g +5.08 +3.80 +4.72 +2.86
Index I %o 100.00 101.92 123.98 111.61
Index II %o 100.00 101.92 100.00 90.02

The legend see Tab. II

IV. The effect of enzyme preparation AVC in COS feed mixtures with different protein levels on piglet growth and feed consumption in kg

per 1 kg (feeding trial )

Parameter Unit B byasiance

] L L] a3
Number of piglets 12 12 12 12
Average initial weight kg 7.467 7.483 7.483 7.458
Average final weight kg 21.518 20.882 19.617 21.992
S.D. kg +1.548 +3.084 +3.092 +2.400
Index I % 100.00 97.04 91.17 102.20
Index 11 % 100.00 97.04 100.00 1211
Feed consumption per 1 kg weight gain kg 1.832 1.784 1.743 1.618%
S.D. kg + 0,043 +0.139 + 0.067 + 0.051
Index I % 100.00 97.38 95.14 88.32
Index II % 100.00 97.38 100.00 92.83
Average daily gain g 390 372 337 404
S.D. g +47 +78 £73 + 56
Index I % 100.00 95.38 86.41 103.59
Index II % 100.00 95.38 100.00 119.88

The legend see Tab. II
Arabic numerals designate values significantly different at P < 0.1

weight gain. The lowest feed consumption per 1 kg
weight gain was recorded in piglet group (a3) (1.618 kg),
which received COS mixtures with 23.81% of proteins
and AVC preparation. The relative difference 11.68%
from group (aj) was statistically significant at (P < 0.1).

DISCUSSION

The efficiency of enzyme preparation AVC, which
was specifically developed for feeds with protei-
naceous components from vegetable sources, was dem-
onstrated in these trials by AVC applications to stan-
dard COS mixture and to COS mixture in which the
protein level was increased to 23.81% by increasing the
soybean meal proportion.

As documented by experimental data, the effects of
the higher protein level in COS mixtures on zootechni-
cal and physiological parameters of piglets are positive,
but on the other hand, N output in excrements is con-
sequently higher. This negative consequence of the higher
protein level in COS mixtures was partly eliminated in
these trials by applications of proteolytic preparation

CZECH J. ANIM. SCI., 44, 1999: 409-414

AVC while the effect on N conversion of N uptake and
of digested N was positive, and consequently feed con-
version with respect to total feed consumption per 1 kg
weight gain was also more efficient.

The data on growth and feed conversion are in agree-
ment with the results of Lindemann et al. (1997b) that
were obtained in weanling piglets receiving complete
feed mixtures with AVC preparation.
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EFEKT PRIDAVKU SELENU A ZINKU

PRI POLOINTENZIVNIM VYKRMU JEHNAT NA VYBRANE
*

UKAZATELE MASNE UZITKOVOSTI

EFFECT OF SELENIUM AND ZINC SUPPLEMENTATION ON SOME
PARAMETERS OF MEAT PERFORMANCE AT SEMI-INTENSIVE
FATTENING OF LAMBS

J. Kuchtik, G. Chladek, V. Koutnik, M. HoSek

Mendel University of Agriculture and Forestry, Institute of Animal Breeding, Brno, Czech
Republic

ABSTRACT: Lambs, ram-lambs, F; generation crosses of the breeds German Long-wooled sheep x Oxford Down, were the
test material (n = 24) that was divided into three groups of 8 animals each. Two groups were kept in a stable under
a semi-intensive fattening system, and the animals could also stay in the pasture. A diet after weaning consisted of loose
proteinaceous concentrate supplemented with vitamins and minerals, mashed grain, hydrothermically treated toasted soya
beans (fed to the youngest category after weaning only), alfalfa hay and supplemental grazing. The diet for the first group
of lambs (A, n = 8) after weaning was enriched with a daily supplement of 0.25 mg Se in organic form of Bioplex Se. The
second group of lambs (B, n = 8) received a diet enriched with selenium according to the same prinicples as in the first group.
In addition, this diet was enriched with 75 mg Zn per head/day in form of Bioplex Zn. A diet of the third group of animals
consisted in grazing only. Average age at weaning ranged from 88.75 to 103.88 days in the separate groups. Weight gain in
the interval from birth to weaning was highest (200 g) in the group receiving Se+Zn supplements in the subsequent period.
Average daily weight gain in the interval weaning—slaughter (235 g) was also highest in this group. Total weight gain in the
interval from birth to slaughter was higher than 200 g in both groups receiving optimized daily rates of selenium and/or
selenium and zinc. The highest weight gain (213 g) was achieved by the group of lambs receiving the optimized rate of Se
and Zn. Average age at slaughter was 149 days in this group. No statistically significant differences were determined in
dressing percentage between the test groups, the values ranged from 39.65% to 42.43% in the separate groups. Evaluation of
percentages of the most valuable cut of dressed carcass (leg) did not indicate any larger differences between the groups while
the highest proportion was calculated for the group receiving Se and Zn supplements (33.68%) and the lowest for the group
with Se (33.30%). Average weight of leg ranged from 4.04 to 5.14 kg; lambs with Se + Zn supplements had the highest
weight of leg while grazing lambs had the lowest weight of this cut, and the difference between these groups was statistically
significant (P < 0.05).The same trend as in leg was observed in rack of lamb: average proportions of this cut were in the
range of 7.54-8.16% in the separate groups. The highest proportion of rack was determined in the 2nd group (Se + Zn
supplements). But grazing lambs had the highest proportion of loin (9.11%) while the 1st group with Se supplementation had
the lowest proportion of this cut (8.36%), the difference between these two groups was statistically significant (P < 0.05).
The highest weight and percent proportions of muscle in the left leg were determined in the group of lambs with dietary Se
and Zn supplementation (1.75 kg and 68.18%, respectively). On the contrary, grazing lambs had the lowest weight and percent
proportions of this tissue (1.30 kg / 63.57%). Fat proportions in all three groups were relatively satisfactory (8.70-11.47%).

Keywords: sheep; semi-intensive fattening and grazing; meat performance; selenium; zinc

ABSTRAKT: Sledovanym materidlem (n = 24) byla jehiiata, beranci-kfiZenci F, generace plemen némecka dlouhovinni ovce
x oxford down, z nichZ byly vytvofeny tii skupiny. U dvou skupin byl aplikovan polointenzivni vykrm ve stdji s moZnosti
vybé&hu na pastvinu, pfi¢emZ krmnd ddvka po odstavu sestdvala z bilkovinného koncentritu doplnéného o vitaminy a mine-
rdlni latky, mackaného obili, hydrotermicky oSetfenych toustovanych séjovych bobt, vojt&skového sena a dopliikové pastvy.
U prvni skupiny jehiiat (n = 8) byla po odstavu krmnd ddvka obohacena selenem (100 % v organické form&). U druhé skupiny
jehiiat (n = 8) byla po odstavu krmna davka obohacena selenem (100 % v organické formé&) a zinkem (67 % v organické
formé). Treti skupina jehiiat byla odchovdvana pouze na pastvé. V&k pii odstavu se pohyboval od 88,75 do 103,88 dni
v zdvislosti na sledované skupin&. Nejvyssi pfirtistek v intervalu od narozeni do odstavu byl stanoven u skupiny, jiZ byl

*  Sledovéni bylo uskute&néno s podporou vyzkumného zdméru J 08/98: 4321 0001.
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nasledn aplikovén Se + Zn (200 g). U této skupiny byl taktéZ zaznamenén nejvy3si primérny denni pfiriistek v intervalu od
odstavu do poraZzky (235 g). Nejvyssi pfirastek v intervalu od narozeni do pordzky byl stanoven u skupiny jehiiat, které byl
optimalizovén jak Se, tak Zn (213 g). Pfi hodnoceni vytéZnosti nebyly zaznamendny statisticky prukazné rozdily mezi
sledovanymi skupinami a zji§téné hodnoty se pohybovaly v zévislosti na sledované skupiné v rozmezi 39,65 aZ 42,43 %. Pfi
hodnoceni podilit nejcenngjsi partie JOT — kyty — nebyly stanoveny vyraznéjsi rozdily mezi sledovanymi skupinami — nejvy33i
podil byl zji§tén u skupiny, jiZ byl pfikrmovin Se a Zn (33,68 %), a nejniZ8i podil u skupiny, jiZ byl piikrmovén pouze Se
(33,30 %). Nejvyssi podil svaloviny v levé kyté¢ (hmotnost i procentudlni zastoupeni) byl zaznamenan u skupiny jehiat,
u nichZ byla krmné ddvka dopln&na Se a Zn (1,75 kg, resp. 68,18 %). Naproti tomu nejniZsi hmotnostni, resp. procentudlni
podil této tkané (1,30 kg/63,57 %) byl stanoven u pastevné odchovanych jehiiat. U viech tii sledovanych skupin byly zji¥tény

pomeérné pfiznivé podily tuku, jeZ se pohybovaly v rozmezi 8,70 aZ 11,47 %.

Klic¢ova slova: ovce; polointenzivni a pastevni vykrm; masna uZitkovost; selen; zinek

UvoD

V soucasné dobé se na naSem trhu postupné zvySuje
zéjem o kvalitni jehné&i maso — v nékterych oblastech
v uréitych obdobich pfevySuje poptavka nabidku. Vy-
sledkem je, Ze zvySend poptavka se priznivé projevuje
na cené, coZ nésledn& vytvéii pfedpoklad moZnosti efek-
tivniho vykrmu jehiiat i jinym zptsobem, neZ je pas-
tevni odchov, a to formou polointenzivniho &i intenziv-
niho vykrmu. Pfi polointenzivnim vykrmu jehiat, ktery
se v nékterych chovech dostdvd do popiedi zdjmu, se
zvySuji naroky organismu zvifata mineralni vyZivu, pfi-
¢emzZ hlavni pozornost je v soucasné dobé sméfovana
do oblasti organickych forem selenu (Se) a zinku (Zn),
a to jak v piipadé jejich samostatného vlivu, tak pri
jejich spole¢ném pisobeni.

Problematiku intenzity ristu jehiiat u tif riznych zpa-
sobit odchovu (pastevni, intenzivni a smiSeny) sledova-
li Notter et al. (1991). Intenzitou rastu a kvalitou masa
u jehiiat pfi spole¢né pastvé s matkami bez pfikrmova-
ni jadrnymi krmivy se zabyvaly Fantova a Cislikovska
(1991). Intenzitu rustu a kvalitu jatecného trupu u dvou
skupin jehfiat, které byly odchovény na travni smési
a jetelotravnim porostu, sledovali Vipond et al. (1993).
Vliv ndhrady jadrného krmeni silaZi na vykrmové a ja-
tecné ukazatele jehiiat plemene cigaja zkoumali Ochod-
nicky et al. (1984).

MATERIAL A METODA

Hodnocenym materidlem byla jehiata, beranci-kfi-
Zenci F| generace plemen némecké dlouhovinna ovce
x oxford down, chovana v ZD Rovecné. Celkové bylo
do sledovéni zahrnuto 24 zvifat, z nichZ byly vytvoreny
tfi skupiny po 8 kusech. Porody jehiiat probihaly v pri-
béhu mésice dubna a v prvni dekddé mésice kvétna.

U dvou skupin jehiiat byl aplikovédn polointenzivni
vykrm ve stdji s moZnosti vyb&hu na pfilehlou pastvi-
nu. Krmna davka po odstavu sestdvala ze sypkého bil-
kovinného koncentratu dopln&€ného vitaminy a minerél-
nimi latkami (cca 0,250 g denné/kus), mackaného obili —
pSenice a jeCmen (ad libitum), hydrotermicky oSetfe-
nych toustovanych séjovych boba (SOYAX, distribu-
tor: firma Alltech CZ, s. r. 0.) v maximalnim mnoZstvi
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0,150 g/den/kus, které byly zkrmovéany pouze u nej-
mladsi kategorie po odstavu (cca po dobu 30 dnu),
vojtéskového sena (ad libitum) a dopliikkové pastvy.
U prvni skupiny jehiiat (A, n = 8) byla po odstavu vyse
uvedend krmna davka déle obohacena dennim pridavkem
0,25 mg Se v organické formé (Bioplex Se). U druhé
skupiny jehiiat (B, n = 8) byla krmné dévka obohacena
selenem podle stejnych zasad jako u prvni skupiny. Na-
vic byla tato krmna davka obohacena o 75 mg Zn v po-
dobé Bioplexu Zn na kus a den. Pfed odstavem se krmna
davka téchto dvou skupin jehiiat sklddala z matefského
mléka, vojtéskového sena a jadrného krmiva.

U tfeti skupiny, jeZ byla odchovavéana pouze na pastvé,
nebyla minerélni vyZiva Zddnym zpisobem optimalizo-
vina, pfiemzZ pred odstavem byla krmna déavka sloZena
z matefského mléka a vojtéSkového sena a po odstavu
byla jedinym zdrojem potravy pastva na travnim poros-
tu. Odstav u této skupiny jehiiat byl proveden pozdé&ji
neZ skupin A a B, a to z divodu maximélniho vyuZiti
matefského mléka a respektovani poZadavku pfibliZné
stejné hmotnosti viech skupin pfi odstavu. U viech tif
skupin méla jehfiata neomezeny pfistup k napijeci vo-
dé. Po celou dobu pokusu byl sledovan zdravotni stav
zvitat, pri¢emzZ nebyly zji§tény zdvaznéjsi odchylky od
normalu.

Cilem préce bylo zhodnoceni efektu dopadu piidav-
ku organickych forem selenu a zinku na vybrané uka-
zatele masné uZitkovosti jehnat pri aplikaci polointen-
zivniho vykrmu.

V pribéhu sledovéni byla u jehiiat prib&zné zjisto-
védna Zivd hmotnost (pravidelnym vaZenim), pficemZ
interval mezi jednotlivymi vaZenimi byl jeden mésic.
Kontrolni pordZka jehiiat a ndsledné déleni jatedné
opracovaného trupu (JOT) bylo provedeno v souladu
s ON 57 6610. Vyjimkou bylo pouze déleni partie
hibet na diléi partie, kterymi jsou ledvina a kotleta, coZ
je v souladu s metodikou testace vykrmnosti a jate¢né
hodnoty ovci pfi polnich testech. V ramci naSeho sle-
dovéni bylo také provedeno zhodnoceni jate¢n& opra-
covanych trupi (JOT) z pohledu zmasilosti a protu¢né-
ni podle systému SEUROP (Milerski, 1996).

Na zakladé podkladi z vysledki periodického vaZe-
ni jehiiat a z kontrolni poriZky bylo provedeno mate-
maticko-statistické zhodnoceni formou vypo&tu varia¢-
né-statistickych hodnot, a to jednofaktorovou analyzou
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variance s naslednym testovanim podle Scheffeho me-
tody. Byl pouZit program STATGRAPHICS, verze 7.0.
Hodnoceni JOT podle systému SEUROP v3ak nebylo
statisticky hodnoceno a je v &asti Vysledky a diskuse
pouze okomentovano.

VYSLEDKY A DISKUSE

Pramérna Ziva hmotnost pfi narozeni (tab. I) byla
v rdmci celého sledovaného souboru 4,39 kg, pficemz
nejvys$si hmotnost byla stanovena u skupiny jehiat, jimZ
byla po odstavu optimalizovdna denni ddvka Se a Zn
(4,66 kg). Nejnizsi pramérné Ziva hmotnost pfi narozeni
byla stanovena u kontrolni skupiny, rozdil mezi témito
dvéma skupinami byl statisticky vyznamny (P < 0,05).
Pramérny vék pii odstavu se pohyboval od 88,75 do
103,88 dni v zévislosti na sledované skupiné (tab. II).
Nejvyssi pfirastek v intervalu od narozeni do odstavu
byl stanoven u skupiny B (pfidavek Se + Zn), a to 200 g.
NejniZsi priristek v tomto intervalu byl zjistén u skupiny
jehiiat, jeZ byla uréena k pastevnimu odchovu (0,154 g).
Rozdil v intenzité rustu byl oproti skupiné A, resp. B
statisticky vysoce prikazny (P < 0,01). Primérny denni
piirustek v intervalu od odstavu do pordzky Cinil za
cely sledovany soubor 187 g. Nejvys§i prirastek byl
zaznamendn u skupiny B (0,235 g), coZ je v8ak hodno-
ta niZ8i, neZ uvadéji Castonquay et al. (1990), ale vyssi,

neZ zjistili Mutajev a Gulin (1989), &i na pfibliZné stej-
né drovni, jako udavaji Perret et al. (1986). U skupiny
jehiiat, jimZ byla optimalizovéna denni davka Se, ¢inil
pramérny priristek 221 g a u kontrolni skupiny pouze
107 g. Rozdil oproti pfiristku skupiny A, resp. B byl
v tomto ukazateli statisticky vysoce prukazny (P < 0,01).
Celkovy pfirustek v intervalu od narozeni do porazky
byl u obou skupin, jimZ byla optimalizovana denni dav-
ka selenu, resp. selenu a zinku, vy$si nez 200 g. Nej-
vy3§i pfirastek byl zji$t€n u skupiny jehiiat, které byl
optimalizovan jak Se, tak Zn (213 g), pfi¢emZ primér-
ny v€k pii poraZce Cinil u této skupiny 148,75 dnu.
Tato nejvyssi hodnota (213 g) je vSak niZsi, neZ uvadi
Gut (1991) &i Puntila a Fredlund (1992). Prirtstek u kon-
trolni skupiny jehiat, kterd byla odchovavana na past-
vé, ¢inil za celé sledované obdobi 131 g, pfi¢emz rozdil
oproti dalsim sledovanym skupinam byl statisticky vyso-
ce prukazny (P < 0,01). Primérny vék pfi porazce Cinil
u skupiny pastevné odchovanych jehiat cca 200 dnu.
Primérna Ziva hmotnost pii pordZce (tab. III) &inila
u jehnat s pridavkem Se 34,50 kg, u jehniat s pridav-
kem Se a Zn 36,50 kg a u pastevné odchovanych jehiiat
pouze 30,38 kg — rozdil mezi touto skupinou a skupi-
nou B byl statisticky vysoce prikazny (P < 0,01). V in-
tervalu 24 hodin po poré’ce bylo také provedeno po-
souzeni jatecné opracovanych trupti (JOT) podle systému
SEUROP. Z pohledu zmasilosti bylo do tfidy R zafa-
zeno ze skupiny A 7 jehiiat, ze skupiny B 6 jehiiat a ze

1. Hodnoty hmotnosti u jednotlivych skupin pii i, odstavu a pordZce — Live weight of the separate groups at birth, weaning and slaughter
Ziva hmotnost pfi narozeni® Ziva hmotnost pfi odstayu’ Zivé hmotnost — pordzka®
Skupina' n (kg) (kg) (kg)
Xts; Xt Xk 55
Primér? 24 4,39 £ 0,083 21,54 0,444 33,79 + 0,842
(A) pridavek Se? 8 4,34 £ 0,078 21,93 £ 0,794 34,50 + 0,840
(B) pridavek Se + Zn* 8 4,66 + 0,190° 22,55 £ 0,795 36,50 £ 1,604 ¢
(C) kontrolni skupina® 8 4,16 + 0,084" 20,15 + 0,483 30,38 + 0,962°

a,b,c-P<005
A B, C-P<0,01

lgmup. mean, *Se ppl Se +Zn uppl

Scontrol group, flive weight at birth, "ive weight at weaning, Ylive weight at slaughter

I1. Piehled pfiristkd a prim&mého véku pii narozeni, odstavu a pordZce — Weight gains and average age at birth, weaning and slaughter

Pﬁrus!el’c od Prirastek od VEk pHi odstavu Priristek od VEk pfi pordtce
5. narozeni do odstavu do (dny)® narozeni do (dny)!?
Skupina n odstavu® (kg) pordzky’ (kg) Y porazky? (kg) Y
xts; xts xts; Xk s Xt s
Priimér 24 | 0,184 £ 0,005 0,187 + 0,013 94,04 + 1,662 0,184 % 0,008 164,79 + 5,282
(A) pridavek Se? 8 | 0,198+0,005¢ | 0,221+ 0,005 88,75+ 1,971C | 0,207 +0,003° | 14508 +1,971€
(B) pridavek Se + Zn® | 8 | 0,200+0,004° | 0,235 0,010° 89,50 % 1,488C | 0,213 +0,006° | 148,75 +2512°
(C) kontrolni skupina® 8 | 0,154+0,004*® | 0,107 +0,006"® | 103,88 +0,611° | 0,131 +£0,005*® | 199,88 + 0,611*°

a, b, c-P<0,05
A, B, C-P<0,01

lgmup. 2mean, Se supplement, 4Se + Zn supplement, Scontrol group, ﬁweight gain from birth to weaning, 7weighl gain from weaning to

slaughter, “agc at weaning (days), 9weight gain from birth to slaugh

CZECH J. ANIM. SCIL, 44, 1999: 415-421

'"age at slaughter (days)

417



III. Vyhodnoceni zdkladnich ukazateli jate¢ngych analyz — Evaluation of basic parameters of carcass analyses

Polointenzivni vykrm' Pastevni vykrm*
Ukazatel s piidavkem Se? (A) | s piidavkem Se + Zn? (B) bez pridavku® (C) F-test
n=38 n=8 n=38

Zivé hmotnost phi x 34,50 36,50 30,388 6,96"
pordzee® (kg) s 0,840 1,604 0,962
Hmotnost JOT” x 14,67 1527 12,07 548"
(kg) 5 0,631 0,928 0,566
Vyt&znost* x 4243 41,64 39,65 2,25
(%) 5 0,954 0913 0,991
Hmotnost kiize® x 3,55¢ 3,80¢ 50248 16,29™
(kg) S5 0,063 0,293 0,153
Podil kazel® x 10,31€ 10,31€ 16,568 106,32"
(%) 55 0,127 0,382 0,453
Hmotnost ledvinky'! x 0,12 0,10 0,09 2,05
(kg) 5 0,013 0,005 0,004
Hmotnost ledvinového x 0,14 0,14 0,13 0,21
tuku'? (kg) p 0,013 0,017 0,016

a,b,c-P<005

A,B,C-P<0,0l

'semi-intensive f: ing, ’Se 1 3Se +Zn I 4gmzing. Swithout supplementation, flive weight at birth, 7weight of dressed

PP

carcass, 8dressing percentage, 9skin weight, skin percentage, "oin weight, I2kidncy fat weight

skupiny pastevné odchovanych jehiiat pouze 3 zvitata.
Zbyvajici jehiiata ze vSech skupin byla zafazena do
tiidy O. Pokud jde o protuénéni, bylo nejpfiznivéjsi
zatfidéni zaznamenano u pastevné odchovanych jehiiat —
6 jehiiat bylo zafazeno do tfidy 2 a zbyvajici jehiiata
do tfidy 3. U jehiiat, jimZ byl aplikovan piidavek Se
a Zn, byla 4 zvifata zatfidéna do tfidy 3 a 4 zvifata do
tiidy 4. U jehiiat, jimZ byl po odstavu aplikovan Se,
bylo dosaZeno nejslab3ich vysledki z pohledu tohoto
hodnoceni — 2 jehiiata byla zafazena do 3. tfidy a 6 jehiiat
do 4. tridy.

Ve vytéZnosti (tab. III) nebyly zjistény statisticky
prikazné rozdily mezi sledovanymi skupinami — hod-
nota tohoto ukazatele se pohybovala v zévislosti na sle-
dované skupiné v rozmezi 39,65 aZ 42,43 %. Toto roz-
mezi je v8ak niZsi, neZ uvadgji Kuchtik er al. (1996),
Perret et al. (1986) a Gajdo§ik, Morav&ik (1993).
Hmotnost kiZi se pohybovala v rozmezi 3,55 aZ 5,02 kg,
pfiCemZ nejvysSi primérnd hmotnost, resp. jeji podil
(5,02 kg, resp. 16,56 %) byl stanoven u skupiny pas-
tevn€ odchovanych jehiiat. Rozdily mezi touto skupi-
nou a dal§imi dvéma skupinami byly v obou pfipadech
statisticky vysoce pritkazné (P < 0,01). Pfi stanoveni
hmotnosti ledvinky a hmotnosti ledvinového tuku ne-
byly mezi sledovanymi skupinami zji¥t€ny statisticky
prikazné rozdily — nejniZ§i hmotnost ledvinky a ledvi-
nového tuku méla pastevné odchovana jehiata (0,09 kg,
resp. 0,13 kg). Naproti tomu nejvy$si hodnoty téchto
ukazatelll byly zji$tény u jehiiat, jimZ byl pfikrmovan
Se (0,12 a 0,14 kg).

Vysledky déleni JOT jsou uvedeny v tab. IV. Pfi
hodnoceni podilli nejcennéjsi partie JOT — kyty, nebyly
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zjiStény vyraznéj§i rozdily mezi sledovanymi skupina-
mi. Nejvyssi podil byl stanoven u skupiny, jiZ byl pfi-
krmovén Se a Zn (33,68 %), a nejniZ8i podil u skupiny
s ptidavkem Se (33,30 %). Nami zji§téné podily kyty
jsou vys§i, neZ udavaji Ochodnicka et al. (1992), ale
niZ8i, neZ uvadgji Craplet a Thibier (1980). Primérna
hmotnost kyty se pohybovala v rozmezi 4,04 aZ 5,14 kg.
Nejvyssi hmotnost byla zjisténa u jehiiat, jimZ byl ap-
likovan pfidavek Se + Zn, a nejniZsi u pastevné odcho-
vanych jehiiat, pfi¢emZ rozdil mezi t€mito skupinami
byl statisticky prukazny (P < 0,05). Shodné tendence
jako v pfipadé partie kyta byla v procentudlnim zastou-
peni zaznamenéina u partie kotleta — primé&rné podily
se pohybovaly v zavislosti na skupiné od 7,54 do 8,16 %,
pfi¢emZ nejvys§i podil byl, stejn& jako u kyty, stanoven
u skupiny B. V pfipad€ podilu partie ledvina byl v§ak
nejvetsi podil stanoven u pastevné odchovanych jehiat
(9,11 %) a nejniZsi u skupiny A, a to 8,36 %. Rozdil
mezi témito dvéma skupinami byl prikazny (P < 0,05).

Podily plece se pohybovaly v rozmezi 18,44 aZ
19,10 %, pticemZ nejvyssi podil byl zjistén u skupiny,
JiZ byl aplikovén Se, a nejniZ§i podil u pastevné odcho-
vanych jehiiat. Rozdil mezi témito skupinami byl pri-
kazny (P < 0,05). Pokud jde o prumérnou hmotnost
této partie, byly u prvnich dvou skupin zaznamenany
v podstaté totoZné hodnoty (2,80 a 2,87 kg), coZ jsou
hodnoty téméF stejné, jako uvadgji Fantova a Cislikovské
(1991). U skupiny pastevn& odchovanych jehiiat v8ak
byla hmotnost této partie vyrazné niZsi (2,23 kg) a zjis-
té€ny rozdil byl oproti skupiné A prikazny (P < 0,05)
a oproti skupiné B vysoce prikazny (P < 0,01). Pro-
centuélni podily Sritky byly u vSech tfi skupin pomér-
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IV. Vyhodnoceni jednotlivych télesnych partii JOT — Evaluation of the meat cuts of dressed carcass

Polointenzivni vykrm! Pastevni vykrm*
Partie JOTS s pfidavkem Se? (A) s pfidavkem Se + Zn® (B) bez pridavku® (C) F-test
n=28 n=8 n=8

Kyta? x 4,88 5,14° 4,04 6,01
(kg) 5 0,180 0317 0,183
Kyta X 33,30 33,68 33,46 0,46
(%) 55 0353 0,257 0,237
Kotleta® % 1,19 1,25° 091" 5,65
(kg) 55 0,071 0,099 0,052
Kotleta X 8,10 8,16 7,54 2,98
(%) s 0,172 0,245 0,161
Ledvina’ x 1,23 1,32 1,10 2,10
(kg) s 0,065 0,091 0,067
Ledviti X 8,36° 8,64 9,11 3,83
(%) P 0,177 0,229 0,163
Plec!® X 2,80° 2,87¢ 2,23aB 7,28"
(kg) P 0,117 0,159 0,112
Plec x 19,10° 18,80 18,44 4,53
(%) 55 0,099 0,222 0,124
Sratkal! X 1,10 1,14° 0,93 4,07
(kg) 5 0,050 0,066 0,043
Srittka x 7,49 7,50 7.73 0,50
(%) s 0,202 0,254 0,096
Bok'2 x 2,58 2,65 2,25 1,97
(kg) 5 0,137 0,206 0,096
Bok x 17,55 17,27¢ 18,68" 589"
(%) 5 0310 0,359 0,242
Kek!? x 0,90° 0,87¢ 0,6148 15,18"
(kg) e 0,047 0,046 0,028
Krk x 6,11¢ 577 5,044 7,51%
(%) 5 0,158 0,284 0,113

a, b, c-P<0,05

A, B,C-P <00l

'semi-intensive fattening, 2Se ppl 3Se + Zn ppl 4gmzing, Swithout supplementation, Scuts of dressed carcass, 7leg. Brack,

“loin, "chuck, ''rib, *flank, scrag

né vyrovnané, bez statisticky prikaznych rozdily, pti¢emZ
nejvyssi podil byl stanoven u pastevné odchovanych jeh-
fat (7,73 %). Nejvy$§i primérnd hmotnost partie bok
byla stanovena u skupiny B (2,65 kg), aviak mezi sledo-
vanymi skupinami nebyl zji§t€n prikazny rozdil. Nej-
vy§§i procentudlni podil této partie z JOT byl viak za-
znamendn u pastevné odchovanych jehnat (18,68 %),
zatimco u jehiiat, jimZ byl aplikovén selen, &inil 17,55 %.
U jehiiat, kterym byl aplikovan jak selen, tak zinek,
viak tato partie pfedstavovala pouze 17,27% podil z JOT
a rozdil oproti pastevné odchovanym jehiiatim byl
v tomto ukazateli prikazny (P < 0,05).

Ptehled podili jednotlivych tkéni v levé kyté je uve-
den v tab. V. Nejvyssi podil svaloviny v levé kyté byl
jak v kg, tak i v procentech zaznamenén u jehiiat s do-
pliikem Se a Zn (1,75 kg, resp. 68,18 %). Oproti tomu

CZECH J. ANIM. SCI., 44, 1999: 415-421

nejniZsi hmotnostni, resp. procentudlni podil této tkang
(1,30 kg/63,57 %) byl zjistén u pastevné odchovanych
jehiiat. Rozdil mezi uvedenymi skupinami byl u hmot-
nosti vysoce pritkazny (P < 0,01) a u procentudlniho
zastoupeni pritkazny (P < 0,05). Nami zjisténé hodnoty
podilii svaloviny u v8ech sledovanych skupin jsou vys-
§i, neZ uvadi Ringdorfer (1990) a Guney (1990).

Nejvyssi podil kosti v této partii JOT byl vSak zjis-
tén u jehiiat, jimZ byl aplikovén Se (25,83 %), zatimco
u pastevné odchovanych jehiiat byl podil této tkdné ne-
prikazné nizsi (24,96 %). U vsech tii sledovanych skupin
byly zjist€ény pomérné piiznivé podily tuku (8,70-
11,47 %). Nejvyssi podil této tkané byl stanoven u pas-
tevné odchovanych jehiiat (11,47 %) — rozdil oproti
obéma skupinam jehniat s polointenzivnim vykrmem
byl priikkazny (P < 0,05).
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V. Podily jednotlivych tkani v levé kyt& — Proportions of the tissues in left leg

Polointenzivni vykrm' Pastevni vykrm*
Tkar® s piidavkem Se? (A) s ptidavkem Se + Zn® (B) bez pridavku’ (C) F-test
n=8 n=28 n=28

Svalovina’ x 1,59 1,75¢ 1,308 791"
(kg) 5 0,060 0,101 0,080
Svalovina x 65,43 68,18° 63,57" 507
(%) 55 0,723 0,999 1,288
Kosti® x 0,63¢ 0,59 0,50" 4,14
(kg) s 0,035 0,043 0,013
Kosti x 25,83 2291 24,96 2,62
(%) 5 0,676 0,877 1,162
Tuk? x 021 0,23 0,23 0,40
(kg) 5 0,006 0,029 0,018
Tuk x 8,70° 8,80° 11,47% 6,48""
(%) 5 0,364 0,879 0,487

a,b,c-P<0,05

A,B,C-P <00l

'semi-intens ive fi g 2Se ppl 3Se + Zn supplement, 4gmzing, Swithout supplementation, ftissue, "muscle, *bones, “fat

ZAVER

Pfi sestavovani krmné davky pro jehiiata po odstavu
byl u obou skupin, u nichZ byl aplikovan polointenziv-
ni vykrm, pfedpoklddan primérny pfiristek na drovni
250 g. Nami zjiSténé hodnoty pfirustka jsou vSak niZ§i —
u skupiny jehiiat s pfidavkem selenu a zinku &inily 235 g
a u jehnat, jimZ byla krmnd ddvka obohacena o selen,
221 g. Tyto hodnoty v3ak zabezpeduji, aby jehiiata byla
odporaZena v optimalni jate¢né hmotnosti do véku ma-
ximalné péti mésicl. JateCna vytéZnost u obou skupin
jehiiat, u nichZ byl aplikovén polointenzivni vykrm, byla
na relativné nizké drovni (42,43 %, resp. 41,64 %), pfi-
¢emZ je nutné doplnit, Ze podil kiZe Cinil v priméru
u obou skupin 10,31 %. Podily nejcennéjSich télesnych
partii (kyty, kotlety a ledviny) byly v3ak u obou sledo-
vanych skupin na Zadouci drovni a celkové se na hmot-
nosti JOT v priméru podilely z 50 %. Je v8ak nutné
doplnit, Ze stejného vysledku bylo dosaZeno u skupiny
pastevné odchovanych jehiiat. Na zakladé rozboru kyty
na jednotlivé tkan& nezbyva neZ konstatovat, Ze prede-
viim u jehiiat, u nichZ byl provadén polointenzivni vy-
krm, byly zji§tény vysoce pfiznivé podily svaloviny
a pomérné nizké podily tuku.
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ANGUILLICOLOSIS OF THE EUROPEAN EEL (ANGUILLA
ANGUILLA) IN THE CZECH REPUBLIC"

ANGUILLIKOLOZA UHORE RICNIHO (ANGUILLA ANGUILLA)
V CESKE REPUBLICE

V. Baru§', F. Moravecz, M. Prokes!

! Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic, Brno, Czech
Republic

2 Institute of Parasitology, Academy of Sciences of the Czech Republic, Prague, Czech
Republic

ABSTRACT: The nematode Anguillicola crassus, a specific parasite in the swimbladder of eels, was found in the Czech
Republic, for the first time, in the Elbe River near Hiensko in 1991. This parasite was brought into streams and various
reservoirs of the Czech Republic with stocks of elvers probably in 1990-1992. In the present review, data on systematics,
morphology and various biological aspects of this parasite, and on the significance of paratenic parasitism in its life cycle
are presented and discussed. In 1993-1996, A. crassus was recorded at five and twelve localities in the Elbe River basin and
the Morava River basin, respectively, with relatively high values of infection prevalence and intensity. The effects of the
parasite on the host are analysed and discussed as regards the values of the length-weight relationship and of amino acid
concentrations in the muscles of infected and uninfected eels. The infection and mortality parameters depend on the fish total
length. The eels infected by A. crassus show abnormal behaviour before their death. Pathological changes in the swimbladder
and adjacent tissues are very distinct in infected eels. The factors producing eel mass mortality due to anguillicolosis are
assessed in detail from the results of investigations performed in the Vranov dam lake (South Moravia). In this reservoir, the
weight estimation of eels killed by anguillicolosis in 1994 was more than 3.5 t. The data on effects of eel mass mortality on
the eel lower yields by sport anglers during subsequent years are included.

Keywords: European eel; Anguillicola crassus; infection; biology; mortality; Czech Republic

ABSTRAKT: Hlistice krevnatka thofi, specificky parazit plynového mé&chyfte tihofe fi¢niho, byla v Ceské republice zji¥téna
poprvé v roce 1991 v fece Labi u Hfenska. Tento cizopasnik byl zavleten do tokii a riiznych nadrzi Ceské republiky s ndsa-
dami Ghoiiho monté, pravdépodobné v letech 1990-1992. V tomto piehledu jsou uvedeny a diskutovédny uidaje o systematice
a morfologii tohoto cizopasnika, riznych aspektd biologie a vyznamu paratenického parazitismu v jeho Zivotnim cyklu.
Pritomnost hlistice A. crassus byla prokdzana v letech 1993-1996 na péti lokalitich v povodi Labe a dvandcti lokalitich
v povodi Moravy, s pomérné vysokymi hodnotami prevalence a intenzity invazi. Vliv parazita na hostitele je analyzovin
a diskutovan podle hodnot délko-hmotnostniho vztahu a koncentrace aminokyselin ve svaloving infikovanych a neinfikova-
nych dhofd fi€nich. Parametry infekci a mortalita jsou zédvislé na celkové délce té€la ryb. Hlistici A. crassus infikovani Ghofi
fi¢ni vykazuji abnormalni projevy chovani, které pfedchazeji jejich Ghynu. Patogenni zmény na plynovém méchyfi a pfipo-
jenych tkanich jsou u infikovanych thoi velmi zfetelné. Faktory, které plsobi masovou mortalitu dhoil pii onemocn&ni
anguillikolozou, jsou detailné hodnoceny podle sledovéni na tdolni nddrZi Vranov na jiZni Moravé. V této nddrZi byl odhad
hmotnosti uhynulych ihofi na anguillikolézu v roce 1994 vyssi nez 3,5 t. Jsou pfipojeny tdaje o disledcich masového thynu
thoil pro sniZeni t&Zby thofe fi¢niho sportovnim rybolovem v nésledujicich letech.

Kli¢ova slova: thof fi¢ni; krevnatka thofi; infekce; biologie; mortalita; Ceska republika
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INTRODUCTION

The European eel (Anguilla anguilla L.) has been in
the center of concern of the fishery public for a long
time, not only as a subject of sport angling but, first of
all, as that of intensive aquaculture. The working group
for eels at the European Commission for freshwater
fisheries associated with the FAO, however, draws ur-
gently attention to the decline of this fish species over
the whole European continent (Vostradovsky, 1998).
During the period of the recent two decades, this species
has become an example and model to studies of impor-
tation effects on the spreading of areas in its specific
parasites (e.g. Belpaire et al., 1989; Kennedy, Fitch,
1990; Stewart, 1991). With importations of elvers and
consumption specimens of the Japanese eel, Anguilla
Jjaponica Temminck ‘et Schlegel, 1846, after 1980, at
least 3 species of metazoan parasites have come to
Europe which, during an extremely short time, have
passed to persistent parasitism in the original European
eel. Two of them are gill Monogenea, Pseudodacty-
logyrus anguillae (Yin et Sproston, 1948) and P. bini
(Kikuchi, 1929), ascertained in the Czech Republic by

A
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Moravec et al. (1996), Skorikova et al. (1996) and others.
Highly pathogenic to the European eel populations in
freshwater bodies of Europe is also the imported swim-
bladder nematode Anguillicola crassus Kuwahara, Nii-
mi et Itagaki, 1974. Data on this specific parasite and
the disease caused by it in eels of the Czech Republic
are overviewed in this study.

SYSTEMATIC CLASSIFICATION
AND MORPHOLOGY OF THE PARASITE

In the Czech Republic, the species Anguillicola cras-
sus, belonging to the class of nematodes (Nematoda),
family Anguillicolidae, genus Anguillicola Yamaguti,
1935, subgenus Anguillicoloides Moravec et Tara-
schewski, 1988, was determined unambiguously as the
agent of anguillicolosis in European eels. Mature worms,
in particular females, located in the fish swimbladder
are coloured dark-red up to dark-violet, which is due to
their hematophagous mode of life. Their oral organs are
modified to sucking host’s blood, particularly in having
a well developed, sclerotized oral capsule with the up-
per margin bordered by 21-28 relatively large teeth

1. The nematode Anguillicola
crussus — adult specimens. A,
D - head ends of male and
female; B — buccal capsule;
C - vulva; E — posterior end
of male; F - tail of female; G -
tail of male (specimen with
only 5 pairs of caudal papil-
lae); according to Moravec
and Tarashewski (1988)
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(Fig. 1). The female body is thicker up to robust, 13.1-
44,7 mm long, 1.2-5.0 mm in maximum width. De-
tailed data on the morphology and systematics of this
and other Anguillicola species are presented in the pa-
pers by Moravec, Taraschewski (1988) and Moravec
(1994).

It should also be mentioned that, with importation
of the Australian eel A. australis Richardson, 1841,
another congeneric species, Anguillicola novaezelandiae
Moravec et Taraschewski, 1988, was brought to Europe
(Italy); however, its spreading has remained limited to
Bracciano Lake and possibly some aquaculture breeds
(Saroglia et al., 1985; Moravec et al., 1994a).

BIOLOGY OF THE PARASITE

During a relatively short time, numerous data have
been obtained on the life cycle of this nematode. Moravec
et al. (1993, 1994b; with other literature cited) studied
the development of the parasite in the intermediate and
definitive hosts. Mature females are ovoviviparous and
lay eggs with fully developed larvae within the swim-
bladder cavity. Probably in a passive way, eggs come
via ductus pneumaticus into the fish intestine and then
into the aquatic environment. In general, an opinion is
accepted that, in eggs laid, larvae of the 2nd stage with
cuticular sheath from the first moulting are already pre-
sent. In the aquatic environment, larvae hatch from egg
shells and fix themselves by their tail to the substrate;
by waving movements of the anterior body part, they may
probably stimulate the predation pressure in intermediate
hosts. Free larvae of the 2nd stage are 0.27-0.30 mm
long.

Obligatory intermediate hosts of this nematode in
Europe are most frequently Copepoda from the family
Cyclopidae; more than 11 species from various genera
(Cyclops, Paracyclops, Macrocyclops, Eucyclops, Acan-
thocyclops, Diacyclops and Thermocyclops) have been
recorded. From the family Diaptomidae, only the species
Diaptomus gracilis has hitherto been reported. From
the class Ostracoda, family Cypridae, the species Noto-
dromus monacha and Cypria ophthalmica were found
to serve as intermediate hosts. The results by Moravec
(1997) from eel aquaculture breeds in Japan suggest
that the number of intermediate host species from Os-
tracoda will be probably much higher. From the class
Malacostraca, family Gammaridae, juvenile specimens
of the species Gammarus pulex proved to be experi-
mental hosts of the larval parasite (cf. Kennedy, Fitch,
1990). Within the intermediate host’s haemocoel, lar-
vae of the 2nd stage undergo their further development,
and after cuticle moulting, they attain their 3rd stage
and become infective to the definitive host. The develop-
mental rate is affected significantly by the water tempera-
ture; at 12 °C, they become infective within 12-20 days,
at 26-25 °C within 6-8 days after being swallowed by
the intermediate host. The body length of the 3rd stage
larvae attains 0.87-0.97 mm. Infective larvae of
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A. crassus can be determined accurately and differen-
tiated from larvae of all other nematode species, para-
sitic in fishes, according to the presence of the specific
biarmed sclerotized reinforcement, well visible on the
head part (De Charleroy et al., 1987, 1990; Petter et
al., 1990; Moravec et al., 1993).

Conditions for the first infection in eel larvae
(VI A step) were analysed by Baru$ and Proke§ (1996b).
The infection occurs at the contact of eel larvae with
zooplankton, which enter the estuaries from the sea,
namely in brackish-water and freshwater. The initiation
of feeding by eel larvae is connected with the formation
of their definitive dental apparatus. The possibility of
further development in the parasite’s larvae depends on
the full function of the circulation system in juvenile
fishes, which, only after their stay in the freshwater,
starts to produce the blood pigment (haemoglobin). The
feeding of nematode larvae with the host’s blood is an
indispensable condition for their further development
and attaining the sexual maturity of the parasite.

The parasite’s development in the European eel was
studied by Moravec et al. (1994b); they confronted their
results with those by other authors (Egusa, 1978; Kim
et al., 1989; Haenen et al., 1989; De Charleroy et al.,
1990; Haenen, Van Banning, 1991). The infection in
the definitive host occurs perorally with the food con-
sumed. Infective larvae penetrate through the wall of
the digestive tract into the body cavity and then into
the swimbladder tissue, where, after cuticle stripping,
they attain the 4th stage. Within the swimbladder, ju-
venile worms mature sexually. The data on the length
of the prepatent period are reported in the range from
2 to 6 months depending on the size of fishes infected,
water temperature and way of infection (through the
obligatory intermediate host or paratenic host). The to-
tal longevity of the parasite within the definitive host
may be shorter than one year.

PARATENIC PARASITISM

The fundamental course of the nematode develop-
mental cycle is complicated, but at the same time, fa-
voured to maintaining and increasing the infections by
the phenomenon of paratenic parasitism or reservoir
habitationism (Moravec, 1984, 1994; Barus, RySavy,
1973). It is manifested by accumulation and long-term
persistence of infection capability of larvae (and some-
times even their partial development) within the organ-
ism of animals that are not their obligatory but only
facultative hosts. Paratenic hosts with infective larvae
are then infection sources to larger specimens of the
European eel. Numerous own and literature data on this
problem were summarized by Moravec, Konecny (1993)
and Moravec (1997). As paratenic hosts of A. crassus
larvae, 33 fish species from 10 families have been found
as yet. It can be said that, in this way, more or less, all
species of European freshwater fishes can be applied.
Regardless of the abundance of individual food items
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in the European eel in rivers and reservoirs (Michel,
1994), important paratenic hosts are slugs (Gastropoda),
larvae of alder flies (Megaloptera), caddis flies (Trichop-
tera), dragon flies (Odonata) and tadpoles of amphibians
(see also Moravec, 1996; Moravec, Skorikova, 1999).

According to the classification by Moravec (1984)
and Moravec, Konecny (1994), several fish species are
bioreceptory, astadiogenous paratenic hosts to A. cras-
sus infective larvae, but are stadiogenous paratenic hosts
or even paradefinitive hosts. An interesting but hitherto
not solved problem is the evaluation of the plurirefixa-
tive capability of parasitic larvae (i.e. the transfer of
infective larvae between paratenic hosts) within the tro-
phic chain (e.g. cannibalism), which is suggested in the
study by Székely (1994) and Pazooki, Székely (1994).

IMPORT OF THE PARASITE INTO THE CZECH
REPUBLIC

In 1989, the Czech Republic belonged to a few Euro-
pean countries, in which the swimbladder nematode
had not occurred by that time (Belpaire et al., 1989).
The first documented finding from 1991 from eels of
the Elbe River near Hiensko, N. Bohemia, was published
by Moravec (1992). We consider this locality to be the
way of natural spreading of this parasite with migrating
European eels. Its persistent occurrence there was con-
firmed in 1995 (Baru$ et al., 1996). Fast spreading of
A. crassus along European rivers and in numerous reser-
voirs is considered in general to be the consequence of
importations and stocking of elvers. Of importations
coming regularly to the Czech Republic in 1990-1994,
attention should be paid to the importation of young
eels from Italy (19. 4. 1991) which were released into
fishing grounds of the Moravian Anglers Union (MAU)
and the Czech Anglers Union (CAU). In the eels from
this importation stocked, mortality was recorded in one

locality as early as in 1991, then in two localities in
1992 (all, MAU Napajedla). Symptoms and mortality
description, registered by the manager of the respective
local organization of the MAU, were wholly coincident
with our observations during eel mass mortality due to
anguillicolosis in the Vranov dam lake in 1994 (Barusg,
1994, 1995b). We mention that the death of eels in 1991
and 1992 was not documented parasitologically. How-
ever, it is reasonable to assume that, after the first find-
ings of A. crassus infections in eels in maritime coun-
tries after 1980, the introduction of this parasite into
fishing grounds of the Czech Republic was a conse-
quence of elver trade and stocking.

ACTUAL DISTRIBUTION OF THE PARASITE IN
THE CZECH REPUBLIC

It can be seen from the literature review that the
nematode A. crassus was the subject of scientific inves-
tigations mainly in the European countries within the
new area of its distribution. At the present, a world-
wide problem is concerned. According to the data by
Moravec (1997), the parasite has already actually in-
fected 4 eel species within 4 continents (East Asia,
Europe, North Africa and North America).

One of the practical results on research of this spe-
cies in the Czech Republic is informative data on its
distribution in running waters and in reservoirs
(Moravec et al., 1996; Barus et al., 1996). Assessments
of the parasite’s distribution were performed on the
basis of parasitological examinations of 390 European
eels during the period 1993-1996. In the Elbe River
drainage basin, eels from 30 localities were examined,
in the Morava River drainage basin from 29 localities
(Fig. 2). In the Elbe River drainage basin, the parasite
was recorded at five localities, the most endangered
(according to the values of infection prevalence and

Tt. TR%W
A SN

5% [
J
\" e = ;‘,ff i

S

2. Map of the Czech Republic with
59 localities where eels were inves-
tigated (n = 390); small solid rings

010 20 10 40 30Am

426

100 o O gf“

w = uninfected, big solid rings = in-
fected eels by A. crassus; original

CZECH J. ANIM. SCI., 44, 1999: 423-431



intensity) being the European eel population in the
Orlik dam lake. In the Morava River drainage basin,
the parasite was found in 12 localities, when the most
endangered, due to persistent infection after the mass
mortality due to anguillicolosis in 1994, is the eel popu-
lation in the Vranov dam lake. Barus et al. (1996) state
that at present the nematode A. crassus, is a parasite
fully naturalized in the Czech Republic, both in the
above axial rivers and in several impounded reservoirs,
and also in several smaller isolated aquatic habitats
(within Central and Southern Bohemia and Moravia).

HOST-PARASITE RELATIONSHIP

In the analysis of this relationship, a certain func-
tional paradox occurs that means, in extraordinary cases,
an extreme situation, the death. Regardless the parasit-
ism evolution, an extreme situation is concerned, being
wholly disadvantageous for the persistence of the para-
site populations. Baru§ and Proke¥ (1996a) found that,
even in this extreme case, the European eel condition,
expressed by the parameters of length-weight relation-
ship, does not show, however, any significant differ-
ences in parasitized and nonparasitized individuals
(Fig. 3). As well, quantitative differences in the values
of 17 amino acids (AAs) in the muscle of the host
groups compared were found to be significant only in
methionine and aspartic acid (and in the sum of two
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3. A - length-weight relationships of uninfected (» = 58) and in-
fected (n = 34) groups of eels by A. crassus; B — total length (TL)
distribution of infected eels; according to Baru¥ and Prokes (1996a)
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AAs - cystine + methionine), namely with lower con-
centrations in the specimens parasitized (Barus§ et al.,
1998).

Wholly evident are pathological changes in the swim-
bladder and its adjacent tissues, described in detail by
Bir6 (1992), Molnér (1993), Molnar et al. (1991, 1993,
1994) and Baru¥ (1994, 1995b) from the material ob-
tained at eel mass mortalities in the Balaton Lake (Hun-
gary) and Vranov dam lake (Czech Republic). At re-
peated blood penetration through the swimbladder wall
due to reinvasions and blood sucking organs on the
nematode head end, swimbladder wall thickening to
2-3 mm and its total opacity occur. On the inner walls
of the swimbladder, there are thick layers of yellowish
or bloody mucus, namely not only in regions of the
parasite’s location. At severe infection and in the phase
of parasite body decay after their life cycle is finished,
the ductus pneumaticus is already fully impermeable.

According to the data on respiration physiology in
the European eel, its swimbladder (especially its anterior
chamber) participates in this vital process and contri-
butes significantly to the total balance of oxygen con-
sumption (Baru§, Oliva, 1995). The reduction or total
elimination of the swimbladder from its function of
hydrostatical and partly respiration organ leads, in an
extreme situation, to the death of fishes parasitized.
Molnér (1993) and Wiirtz et al. (1996) also proved
experimentally that the main factors of mortality due to
anguillicolosis in European eels are decreased oxygen
content and changes in chemical composition of gases
in the swimbladder (including toxins due to parasites’
body decay), when the oxygen content can drop down
to 60%.

Demonstrations of abnormal behaviour in European
eels at the beginning and during their death due to
anguillicolosis were described in detail by Barus (1994,
1995b) as potential diagnostic symptoms of this disease.
It was also found that the specimens parasitized have
a significantly decreased swimming velocity (Sprengel,
Liichtenberg, 1991), fishes with more severe infection
are easier taken and drifted by the flow into turbines of
dams (Thomas, Ollevier, 1992).

CONDITIONS BRINGING ABOUT THE
MORTALITY DUE TO ANGUILLICOLOSIS

From the analysis of mass kill in European eels in
the Balaton Lake (1991, 1992, 1995), Vranov dam lake
(1994) and in two other smaller reservoirs within the
MAU fishing grounds (1995), two fundamental condi-
tions are evident for such an epidemiologically extreme
situation to arise. The authors who studied this phe-
nomenon (Molnér, 1993; Molnér et al., 1991, 1993, 1994,
Bird, 1992; Barus, 1994, 19954, b; Barus, Prokes§, 1996a)
state coincidently that the first condition is a high popu-
lation density of European eels in partly or wholly closed
aquatic ecosystems, such as natural lakes, reservoirs
formed after gravel-sand exploitation or impounded
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reservoirs. Under high population densities of defini-
tive hosts and broad spectra of intermediate and pa-
ratenic hosts, within a relatively short time after infec-
tion introduction, the increase of the parasite’s
infection potential occurs (increase of infective stages
abundance), followed by high infection prevalence and
frequent reinvasions in definitive hosts. In particular
during reinvasions, extensive and persistent damage of
function in the life-important organ arises, which, for
the eel, is its swimbladder. The prevalence values of
parasitic infections often attain 100%.

The second indispensable condition is high water
temperature at the summer beginning. In all cases as-
sessed, kills of the European eel set in after days with
tropical temperatures in the month of June. In the case
of the Vranov dam lake, the water temperature at the
depth of 0.5 m during that period was +27 °C in the
littoral zone. Before the proper death, demonstrations
of unusual behaviour of eels during the night hours can
be observed. Mortality follows within 3 to 7 days (in
July and August) and is stopped at the beginning of
September. Conspicuous and characteristic of eel mor-
tality due to anguillicolosis is the fact that no other fish
species in the reservoir are afflicted in this way during
the critical period. High water temperatures accelerate
significantly the parasite’s life cycle and, at the same
time, increase the oxygen consumption by the fish or-
ganism, which cannot face these requirements success-
fully any more after functional elimination of the swim-
bladder.

Molnir et al. (1994) found that larger specimens of
the European eel in the Balaton Lake were infected by
a greater number of these parasites than specimens of
smaller body length. This is also confirmed by our data
on the values of infection prevalence found in the Euro-
pean eel collection from the Morava River drainage
basin (Baru§ et al., 1996), where the group parasitized
consisted only of specimens with the total body length
(TL) of 40-120 cm (Fig. 4). As well in European eels
killed by anguillicolosis in the Vranov dam lake, the
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4. Length-frequency (TL) distribution of uninfected (open columns)
and infected (solid columns) eels in the collection from the Morava
River drainage basin (n = 105 specimens); according to Baru3 ef al.
(1996)
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most numerous were those with the TL of 80-120 cm
and weight of 0.77-1.12 kg (Baru$, 1994, 1995a, b).

A higher infection intensity by the nematode A. cras-
sus in the European eel, related to its higher total body
length (TL), is explained by changes in food compo-
nents during eel growth. Nie (1987) proved that the
zooplankton (i.e. the group of obligatory intermediate
hosts) is a regular component only in the food of young
specimens. With the body growing the prey size also
increases (Néveu, 1981). Tesch (1977) considered the
specimens with TL of 40-50 cm to be specialized in
fish-eating. This feeding specialization of the European
eel and consumption also of other larger invertebrates
(Mollusca) confirm the importance of paratenic hosts
for infective larvae as other factors of the increasing
parasitic pressure and mortality due to anguillicolosis
as related to the body length (Peters, Hartmann, 1986;
Stewart, 1991).

LOSSES CAUSED BY MORTALITY DUE
TO ANGUILLICOLOSIS

Repeated mass mortality of the European eel due to
anguillicolosis in the Balaton Lake is documented by
the biomass loss estimation of 200-400 t in 1991, and
other 40 t in 1992 (Molndr et al., 1991, 1993, 1994;
Bir6, 1992). The same agent also caused the mortality
of these fishes in the Vranov dam lake in 1994, where
the loss was estimated to be higher than 3.5 t (Barug,
1994, 1995a, b; Baru§, Kotulan, 1997; Baru§, Prokes,
1997).

The documentation of fishery management by the
MAU (Moravian Anglers Union) enables us to evaluate
the state and development of the European eel popula-
tion in this fishing ground (Table I) from the reviews
of yields obtained by sport anglers.

During the years assessed, we observe an increasing
number of anglers’ trips (i.e. actual expression of the
fishing pressure to the fishing ground area). The drop
of European eel yields after losses due to anguillico-
losis in 1994 is, of course, always clearly significant.
Compared with 1993, concerned is the decrease of 83.0%
in 1995, 69.0% in 1996, 61.0% in 1997 and 48.7% in
1998. The combined weight loss of the European eel
yields during four years due to mortality equals 4.9 t.
In the first year after mortality (1995), the yield from
the Vranov dam lake, River Dyje fishing ground Nr. 15,
dropped down below the value of the mean yield in this
fish species of all non-trout fishing grounds of the
MAU (0.744 kg.ha"). During the next three years, the
yield values per 1 ha were already above that mean
(1996 — 0.769 kg, 1997 — 0.820 kg, 1998 — 0.824 kg.ha™").

It is evident from the data presented that, after the
European eel infection by the nematode A. crassus in
the Vranov dam lake accompanied by mass mortality,
a significant decrease of eel population density oc-
curred. In spite of the parasite persistent presence and
circulation within this fishing ground (registered also
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I. Yield of European eels caught by anglers in the Vranov Reservoir (fishing ground Dyje Nr. 15) before and after mass mortality due to
anguillicolosis. In 1994, the mass mortality of eels due to anguillicolosis was proved significantly; in 1995 and 1996 elvers were not
restocked. According to Baru§ and Kotulan (1997), completed.

Year Number of trips Specimens in total Caught (kg) Average weight 1 sp. (kg) | Average catch per 1 ha (kg)
1990 47 670 2315 25499 1.101 4.748
1991 53010 1796 1933.2 1.076 3.600
1992 49 918 1459 1621.7 1.112 3.019
1993 51553 1873 2017.0 1.077 3.756
1994 60 873 1450 1664.8 1.148 3.100
1995 59 714 311 340.1 1.094 0.633
1996 61 825 573 667.8 1.165 1.243
1997 69 839 732 789.6 1.079 1.500
1998 64 897 967 992.2 1.026 1.800

in 1998), we did not find any decrease in the mean
weight of European eel specimens caught, which we
considered to be in connection with the above assessed
(regards the condition insignificant) indication of the
parasite-host relationship (Barus et al., 1996) and high
carrying capacity of this reservoir.

CONCLUSIONS AND RECOMMENDATIONS

From the hitherto knowledge of biology and distri-
bution of the nematode A. crassus in the Czech Repub-
lic, some recommendations to our inland fisheries can
be derived.

The first requirement is a thorough examination of
imported elver samples, which should be performed
and documented already in exporting maritime coun-
tries (see e.g. Kennedy, Fitch, 1990). This does not
assure full certainty on the parasitological defects of
elvers imported because the parasite is spread over all
European countries exporting elvers, but, in that way,
at least the most severe infections can be discovered
and eliminated. In this connection the prohibition of
importations of exotic eel species to the Czech Repub-
lic is also an up-to-date measure.

Regardless of the fact that, with the stay duration of
elvers in the freshwater, the possibility of their infec-
tion by the parasite increases, they should be fished as
early as at the beginning of migration phase (Barug,
Prokes, 1996b). Not only theoretical is an assumption
that these elvers of smaller sizes are less, or yet not at
all, infected by the parasite. The problem is, of course,
the survival capacity of these elvers stocked directly
into open waters. Resistance and survival can be in-
creased by feeding and rearing the elvers after impor-
tation in troughs, which was successfully verified in
working operations (Peiidz et al., 1988, 1991; Peiiaz,
Wohlgemuth, 1988). 5

At present, the fishery management system should
include urgently regular surveys and monitoring of the
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parasite distribution, in particular in closed water re-
servoirs and impounded reservoirs (Barus§, 1994; Barus,
Kotulan, 1997). In fishing grounds of these types, the
prevalence and intensity values of infections by the
swimbladder nematode should be compared with esti-
mations of European eel population density because
a lower host abundance represents a markedly lower
danger of eel mortality due to anguillicolosis. At per-
sistent high abundance of the European eel, mass death
can be repeated like in the Balaton Lake (cf. Molndr,
1993; Molnar et al., 1992, 1994).

Important is the survey by fishery managers and mem-
bers of the fishery guard within fishing grounds, where
4 kg.ha~l and more European eels are yielded yearly
by sport angling. During the critical period (July—Au-
gust), respective demonstrations of abnormal behaviour
of these fishes should be monitored during the evening
hours at the dusk, when they could still be removed
(Barus, 1995b; Barus§, Proke§, 1996a). The waste from
fish factories processing the eels must not be released
into water ways without sanitation.

In the fishing grounds where the swimbladder nema-
tode occurrence was found, a ban on fishing and trans-
fer of bait fish (infection of paratenic hosts) must be
observed.

In the Czech Republic at present, the fishing with
live fish bait is already problematic legislatively. Dead
fish bait must be deeply frozen for 3-4 days before
used, because infective parasitic larvae survive in dead
fish for even more than 24 hours.

The present state of occurrence and distribution of
the nematode A. crassus is considered by us to be its
full naturalization in waters of the Czech Republic.
Like in the other parasitoses in free-living fish species,
the anguillicolosis elimination from the aquatic envi-
ronment is no longer possible. Continued surveys and
assessments of the health state and population density
of the European eel in Czech and Moravian fishing
grounds can be, of course, effective preventive meas-
ures against mass mortality of these fishes due to an-
guillicolosis.
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Z VEDECKEHO ZIVOTA

70 let prof. MVDr. Vladimira Komarka, DrSc.

Letos se v plném
zdravi doziva 70 let
profesor MVDr. Vladi-
mir Komarek, DrSc.,
emeritni profesor Ces-
ké zemé&dé€lské univer-
zity v Praze. Narodil se
9. zafi 1929 v Praze.
Po absolvovéni akade-
mického  gymnazia
v Praze studoval v Br-
né veterinarni medici-
nu, kde v roce 1953
ziskal doktorat.

Od studentskych let aZ do roku 1958 pracoval v ana-
tomickém tstavu Vysoké Skoly veterinarni v Brné jako
Zak a asistent akademika MVDr. Jana Koldy, DrSc. Po-
tom odeSel do Prahy na Vysokou Skolu zemédélskou,
kde organizoval vyuku anatomie, histologie a embryo-
logie pro zootechnicky smér studia. V ramci zootech-
nického oboru zaloZil katedru veterinarnich disciplin,
kam soustfedil vedle morfologie hospodéiskych zvifat
jesté fyziologii hospodéfskych zvifat, veterinarni hy-
gienu a prevenci chorob a zaklady porodnictvi. Z toho-
to komplexu se pozdéji oddélila jako samostatna kated-
ra fyziologie hospodafskych zvifat.

Katedru veterindrnich disciplin postavil organizaéné
i vybavenim jako ucelenou jednotku, uréenou pied-
nostné pro teoretickou i praktickou vyuku a praci stu-
dentl, coZ bylo vzorem pro ostatni pracovisté Skoly.
Katedru vybavil i nejmodernéjsi technikou, napf. v roce
1964 byla zaloZena laboratof elektronové mikroskopie.
Jeho trvalym zdjmem byla a je anatomie hospodarskych
ptakt. Od roku 1958 je aktivnim &lenem mezinérodni
anatomické nazvoslovné komise — ICVAN.

Svoji védeckou piipravu ukonéil v roce 1959 obha-
jobou disertaéni prace a jiZ za dva roky byl jmenovén
a ustanoven docentem morfologie hospodafskych zvi-
fat na VSZ v Praze. V roce 1968 byl jmenovén profe-
sorem a v nésledujicim roce pfedloZil doktorskou praci.

V nepfiznivém obdobi nastupujici normalizace byl
zbaven funkce vedouciho katedry a moZnosti pedago-

gické prace a do dvou let musel opustit §kolu. Nasle-
dujicich deset let pracoval jako tifednik na Ustfedi ve-
terindrnich asanagnich dstavii v Praze. V té dobé si
vZdy sté€Zoval, Ze mu zaméstnani prekéazi v praci, nebot
on v této pro néj nepiiznivé dobé sadm zpracoval prvni
dil Atlasu anatomie doméacich ptaku a s uzkym kolek-
tivem spolupracovniki dal§i dva dily tohoto atlasu.
Protoze nena$el nikoho, kdo by toto dilo v Cechéich
vydal, vySlo prvni vydani v letech 1979-1982 v Brati-
slavé. Od roku 1982 dojizdél z Prahy do KofSic, kde
v Ustavu experimentélni veterinirni mediciny pracoval
na problematice anatomie lovné zvéfe a s prof. P. Po-
peskem se podilel na pripravé vysokoskolskych uceb-
nic anatomie.

V roce 1990 se vrétil na Vysokou $kolu zemédél-
skou v Praze jako fadny profesor, dokoncil obhajobu
doktorské prace a do svych 65 let plné pedagogicky
i védecky pracoval. Nepfestal v§ak pracovat ani potom,
vypoméhal ve vyuce biologickych disciplin a stile se
vénuje studiu anatomie hospodaiskych i laboratornich
zvitat.

Prof. MVDr. Vladimir Komérek, DrSc., je vyznaény
veterinarni anatom, ucitel anatomie pro veterinafe i ze-
médélce a zakladatel katedry veterinarnich disciplin na
Vysoké $kole zemédélské v Praze. Vyznamné se zaslouZil
o rozvoj a formovani vyuky veterindrnich pfedmétd
(morfologie a fyziologie zvifat, zaklady porodnictvi, hy-
giena a prevence chorob zvifat) pro zootechnicky smér
zemédé€lského studia. Publikoval 90 ptivodnich odbor-
nych a védeckych praci a vice neZ 40 ucebnic a uéeb-
nich texti. Mezi nejvyznamnéjsi lze zaradit tyto: Ana-
tomie domdécich ptdki, pfipravend s prof. Koldou,
Ucebnice anatomie hospodéiskych zvifat pro studenty
zootechnického sméru, tfi dily Atlasu anatomie hospo-
dafskych ptakid, uebnice Anatémia hospodarskych
zvierat, pripravena s prof. Popeskem, a Kolduv atlas
veterindrni anatomie, ktery vySel v leto$nim roce.

Za viechny byvalé studenty, aspiranty a spolupra-
covniky blahopfejeme panu profesorovi Komarkovi
k jeho vyznamnému Zivotnimu jubileu a pfejeme mu
do dalSich let pevné zdravi a Zivotni optimismus.

Za kolektiv katedry veterindrnich disciplin CZU v Praze

Prof. MVDr. Ing. Frantisek Jilek, CSc., a doc. Ing. Jiti Rozinek, CSc.
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