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INFLUENCE OF EXOGENOUS TRANSFERRIN
ON CHICKEN SKELETAL MUSCLES

VLIV EXOGENNIHO TRANSFERINU NA KOSTERNI SVALY KURAT

V. Horik', C. Rehfeldt?, A. Stratil', P. Bobak'

! Institute of Animal Physiology and Genetics, Academy of Sciences of the Czech Republic,
Libéchov, Czech Republic
2 Research Institute for Biology of Farm Animals, Dummerstorf, Germany

ABSTRACT: The effects of transferrin (Tf) were tested in vivo using chicken embryos as a model. Purified, iron saturated
chicken serum Tf was injected intravenously at the 15th day of incubation in doses of | mg (TFI group) and 5 mg/embryo
(TF5 group). At the 9th day after hatching, the pectoralis major (P) and sartorius (S) muscles were histochemically analysed
for fibre type composition and a mitotic activity of nuclei was evaluated by the 3H-thymidinc incorporation. Mean live weight
as well as mean weights of P and S were non-significantly higher in both experimental groups in comparison with control
group at the 9th day of age. Proliferation of nuclei was generally low and very similar in all groups (about 1.5% in P and
0.4% in S). However, the deep muscle layer of P near the clavicula (composed of fast and slow fibres) exhibited a higher
mean value (2.6%; P < 0.05) in TF1 group. In S, mean slow and fast fibre diameters were slightly larger in both experimental
groups (significantly in TFI1 only). Total number of slow fibres was reduced in TF1 and TF5 by approximately 450 and
850 fibres, respectively, in comparison with control group. Calculated total fibre number was the highest in TFIl and the
lowest in TF5. No clear differences in mean fibre type diameters were found among groups in the superficial layer (composed
of fast fibres only) and in the deep layer of P. Slow fibre type frequencies were reduced in the deep layer of P in both
experimental groups in a similar manner as in S. Mentioned differences between experimental and control groups were mostly
statistically non-significant due to individual variability. The obtained results, however, suggest that the exogenous Tf applied
into the chicken embryo could manifest a slight myotrophic effect promoting muscle growth and changing histochemical
muscle composition in post-hatching chicks. To prove or exclude this possibility further in vivo experiments are needed.

Key words: transferrin; chicken muscles; growth; histochemical composition

ABSTRAKT: Na kufecich embryich byl testovan G¢inek transferinu (Tf) in vivo. Purifikovany, Zelezem nasyceny slepici
sérovy Tf byl injikovan intravenozné v divce | mg (skupina TFI) a 5 mg na embryo (skupina TFS5) 15. den inkubace.
Histochemicka analyza typa vldken a mitotickd aktivita jader (stanovend podle inkorporace 3H-thymidinu) byly hodnoceny
ve svalech m. pectoralis major (P) a m. sartorius (S) ve véku 9 dni po vylihnuti. Primérna Ziva hmotnost i primérné hmotnosti
P a S byly ve véku 9 dni neprikazné vy3si u obou experimentédlnich skupin v porovnani s kontrolni skupinou. Proliferace
jader byla obecné nizkd a velmi podobnd u viech skupin (asi 1,5 % u P a 0,4 % u S). Hluboké oblast P v blizkosti claviculy
(sloZend z rychlych a pomalych vliken) vSak vykazovala u skupiny TF1 ponékud vy3si primérnou hodnotu (2,6 %; P < 0,05).
Primérny diametr pomalych a rychlych vliken byl v S mirné vét3i u obou experimentélnich skupin (prikazné pouze u TFI).
Celkovy pocet pomalych vliken byl proti kontrolni skupiné sniZen u TF1 o 450 vliken a u TF5 o 850 vlaken. Vypoéteny
celkovy pocet vlidken byl nejvy$si u TF1 a nejniZsi u TFS. V povrchové (tvofené pouze rychlymi vlidkny) ani v hluboké vrstvé
P nebyly nalezeny mezi skupinami zietelné rozdily v primérném diametru obou typi vldken. U obou experimentéilnich skupin
byl podil pomalych vliken sniZen v hluboké oblasti P podobnym zpilisobem jako u S. Vzhledem k relativné vysoké indivi-
dudlni variabilité byly uvedené rozdily mezi experimentdlnimi a kontrolni skupinou vétSinou statisticky nepritkazné. Ziskané
vysledky vSak pfesto naznacuji, Ze exogenni Tf aplikovany do kufeciho embrya by mohl mit mirny myotroficky efekt, ktery
by se u kufat po vylihnuti projevil podporou ristu svali a zménou jejich histochemického sloZeni. Pro potvrzeni nebo
vyloudeni této moZnosti jsou nutné dalsi pokusy in vivo.

Klicova slova: transferin; svaly kufat; rast; histochemické sloZeni
INTRODUCTION cells with iron. Tf/Fe’* complex (holo-Tf) is taken up
via specific cell-surface receptors by endocytosis, and

Transferrin (Tf) is a serum glycoprotein which has  after release of iron apo-TF is liberated from the cell
an essential function in vertebrates in vivo to supply  and recycled (for review see De Jong et al., 1990; Lash
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and Saleem, 1995). In vitro, purified Tf is supple-
mented generally into serum-containing or serum-free
medium to support growth and proliferation of cultured
cells (Tormey et al., 1972; Barnes and Sato, 1980;
Davis, 1994). The growth-promoting activity of Tf is
explained by transport of iron to cells since other iron
compounds (e.g. ferric citrate, chloride, nitrate; pyri-
doxal isonicotinoyl hydrazone; ferrous sulphate) show
similar effect (Perez-Infante and Mather, 1982; Tsao et
al., 1987; Damgaard et al., 1993; Keenan and Clynes,
1996). However, in vitro studies suggest that Tf exhib-
its another iron-independent influence on cell growth,
proliferation and viability (Tormey et al., 1972; Ek-
blom et al., 1983; Kovar and Franék, 1989; Bruinink
et al., 1996).

The following results found in cultured skeletal
muscle cells agree well with this suggestion. Chicken
muscle cells require medium with chicken embryo ex-
tract. Its effect can be substituted by chicken serum as
well as by chicken peripheral nerve extract (e.g. Ozawa
and Kohama, 1973; Ozawa, 1977; Konigsberg, 1979;
Markelonis and Oh, 1979; Popiela and Ellis, 1981).
A factor promoting myogenesis (i.e. increasing
myoblast multiplication and preventing myotube deg-
radation) was later isolated from these sources and
identified as Tf (Ozawa and Hagiwara, 1982; Ii et al.,
1982; Markelonis et al., 1982; Beach et al., 1983).
A class specificity of avian and mammalian Tf was
demonstrated in.vitro using primary myogenic cells
isolated from various animal species (Ozawa and Hagi-
wara, 1981: Beach et al., 1985; Shimo-Oka et al.,
1986). Tt was also identified as one of the myotrophic
factors in crushed mouse muscle extract which stimu-
late proliferation of myoblasts and satellite cells in cul-
ture (Chen and Quinn, 1992; Chen et al., 1994).

Supposing the similar effect of Tf in vivo, its experi-
mentally increased level would stimulate the proliferation
of myoblasts during embryogenesis. Such promotion of
mitotic activity of myoblasts would subsequently result
in increase of skeletal muscle mass and live body
weight after birth. Until now, no attempt has been made
to study the myotrophic effect of Tf in vivo. Therefore,
the objective of this study was to test it using chicken
embryos as a model. We applied purified chicken serum
Tf intravenously into chicken embryos and we analysed
its influence on growth and histochemical composition
of skeletal muscles in post-hatching chicks.

MATERIALS AND METHODS

Crude transferrin was isolated by rivanol-ammo-
nium sulphate fractionation (Stratil and Spooner, 1971)
of chicken serum. Tf in rivanol supernatant was pre-
cipitated between 2.0 and 3.0 M ammonium sulphate
and was further purified on DEAE-Sephadex A-50 in
0.05 M Tris-HCI buffer, pH 8.0. The holo-Tf (saturated
with iron) was eluted by a linear gradient from 0 to
0.25 M NaCl. The middle part of the Tf peak was used
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which consisted of two main components with one and
two sialic acid residues, respectively. The isolated Tf
was pure when tested on polyacrylamide gel electro-
phoresis and by electrospray mass spectrometry. It was
lyophilized and stored at =20 °C until use.

Eggs of Leghorn breed (HISEX-line 32, the chicken
farm in Dobienice) were used in this experiment. At
15th day of incubation (when the circulation system of
chicken embryos was developed sufficiently), a small
hole (5 x 10 mm) was made into the shell above the
embryo. The purified Tf (dissolved in physiological
solution and sterilized by 0.85 wm membrane filtration)
was injected into a large embryonic vena in doses of
I mg (TF1 group) and 5 mg (TFS group) in 0.1 ml of
physiological solution per embryo. Control embryos
(C group) received 0.1 ml of physiological solution.
The hole was covered with paraffin and the eggs were
further incubated until hatching. In each group, 25 em-
bryos were injected from which 11, 7 and 10 chicks
hatched in C, TFl and TF5 group, respectively, and
were used for following analyses.

Chicks were weighed at the 1st and 9th day of age.
At the 9th day of age, 3H-thymidine (Institute for Re-
search, Production and Application of Radioisotopes,
Praha, Czech Republic) was applied intravenously in
doses of 1.3 MBq per chick. Chicks were decapitated
1 h later and samples of the pectoralis major and sar-
torius muscles from the left body side were taken for
estimation of proliferation of nuclei by autoradiogra-
phy. Cryostat longitudinal muscle sections (5 lm) were
covered with Ilford K5 emulsion diluted | : | with 1%
glycerin, air dried at room temperature for 1 h and
exposed for 2 weeks at +4 °C. Thereafter, the auto-
radiograms were developed, muscle sections were
counterstained with Harris haematoxylin and 1% eosin
and embedded in glycerol jelly. Nuclei with at least
5 grains and more were considered as labelled and pro-
liferating. Percentage of labelled nuclei was estimated
in the superficial and deep areas of pectoralis muscle
and in the deep area of sartorius muscle. At least
1 000 nuclei in each muscle area were evaluated.

Whole pectoralis and sartorius muscles from the
right body side were weighed. Small samples (taken
through whole muscle thickness of the pectoralis mus-
cle near to the clavicula and in the middle of muscle
belly of the sartorius muscle) were frozen in liquid
nitrogen. Cryostat cross-sections (8 um) were stained
histochemically for demonstration of the myofibrillar
(actomyosin) ATPase activity after acid preincubation
at pH 4.2 (Guth and Samaha, 1970). Photos were taken
from the stained muscle sections and fibre type fre-
quencies were ascertained in the deep areas of pector-
alis and sartorius. Fibre type diameters were measured
according to Brooke and Engel (1969) in the superficial
and deep areas of pectoralis muscle and in the deep
area of sartorius muscle. For [ibre type frequencies and
diameters at least 600 and 200 fibres were evaluated,
respectively. Moreover, the following characteristics of
sartorius muscle were ascertained: (a) whole muscle
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cross-section area (CSA) measured by planimetry of
the projected microscopic image; (b) muscle CSA oc-
cupied by slow fibres calculated multiplying the total
number of slow fibres by the mean slow fibre CSA
(estimated on the basis of mean slow fibre diameter);
(c) total number of slow fibres counted on whole mus-
cle cross-section; (d) total fibre number calculated di-
viding the whole muscle CSA by mean fibre CSA.

Mean values of analysed parameters ascertained in
the TF1, TF5 and C groups were statistically compared
using the Student’s t-test. Significance of differences is
concluded for P < 0.05.

RESULTS
Effect of Tf on live weight and skeletal muscle weights

Mean live weight (Table 1) was approximately 36 g
at the Ist day after hatching without any clear differ-
ence among individual groups. At the 9th day of age,
however, mean live weight was higher in TF1 and TF5
groups by 9.4% and 8.1%, respectively, in comparison
with C group.

Two skeletal muscles — the pectoralis major and
sartorius — were chosen for analysis after Tf treatment
since they differ in course of their growth after hatch-
ing (Hikami and Mizuno, 1965) and in histochemical
composition (Suzuki, 1972; Barnard et al., 1982). In
agreement with the above described differences in
mean live weights, the mean weights of these skeletal
muscles were also higher in both experimental groups
at the 9th day of age. Due to individual variability in
skeletal muscle weights and live weights in each
groups, however, the observed differences between ex-
perimental and control groups were mostly statistically
non-significant (see Table 1).

Fibre type composition of skeletal muscles

Muscle fibres of chick skeletal muscles at the 9th
day of age were classified into two main types on the
basis of myofibrillar ATPase (m-ATPase) activity after
acid preincubation at pH 4.2. The acid preincubation
reverses the m-ATPase activity of fibre types. Thus, the
slow (type I) and fast (type II) fibres showed dark and
light staining, respectively. The pectoralis muscle was
almost exclusively composed of fast fibres with the
exception of the deepest area at the clavicula where

a mixture of both fibre types was found. The sartorius
muscle exhibited very uneven distribution of both fibre
types. The superficial region consisted of fast fibres
only. Down into the depth of the muscle, frequency of
slow fibres increased gradually.

Influence of Tf on histochemical composition of the
sartorius muscle

The deep region of sartorius muscle with the highest
percentage of slow fibres was selected for histochemi-
cal and autoradiographic analyses. Approximately 20%
of slow fibres and 80% of fast fibres were found in this
muscle area showing non-significantly lower propor-
tion of slow fibres in TF1 and TF5 groups (Fig. 1A).
A similar tendency was observed in the total number
of slow fibres (counted on whole muscle cross-section)
which was reduced in TF1 and TFS groups by approxi-
mately 450 and 850 fibres, respectively, in comparison
with C group (Fig. ID). Generally, slow fibres exhib-
ited a smaller mean diameter than fast fibres in all
groups. Both experimental groups showed higher mean
slow and fast fibre diameters in comparison with C
group. These differences were statistically significant
in TF1 group only (Fig. 1B). Proliferation of nuclei was
very low and similar in all three groups. Labelled nu-
clei represented approximately 0.4% of the total num-
ber of nuclei only.

Whole muscle CSA revealed non-significant differ-
ences among groups (about 5.7 mm?) but a tendency to
slightly higher values in both experimental groups was
observed (Fig. 1C). Calculated CSA occupied by slow
fibres represented in all groups a very stable portion of
the whole CSA (C — 11.4%, TF1 — 11.5%, TFS — 10.7%).
Calculated total fibre number was increased in TF1 group
by about 1600 fibres and reduced in TFS group by about
960 fibres in comparison with C group but these differ-
ences were statistically non-significant (Fig. 1D).

Influence of Tf on histochemical c
pectoralis major muscle

ition of the

Fibre type proportion was estimated in the deep
muscle area near the clavicula. This muscle area is
composed of both slow and fast fibres. As in the sar-
torius muscle, slightly lower values (statistically non-
significant) in frequency of slow fibres were observed
in both experimental groups in comparison with

Table 1. Influence of transferrin on live weight and skeletal muscle weights

ol quber of Live weight (g) Pectoralis muscle (mg) | Sartorius muscle (mg)
chicken (n) 1 day 9 days 9 days 9 days

C 11 363+22 52,1 £6.0 875 £ 223 98 + 14

TF 1 7 374+ 18 57.0%£5.2 1 110"+ 204 109 £ 15

TF 5 10 362122 56.3 + 8.0 1 025 + 304 112+ 17

Values are expressed as mean weights s.d. (P <0.05)

CZECH J. ANIM. SCI., 45, 2000: 97-103
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Fig. 1. Influence of trans-
ferrin on composition of
the sartorius muscle at the
9th day of age. Slow and
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C group (Fig. 2A). Mean fibre type diameters were
very similar without any clear differences among
groups, muscle areas or fibre types (Fig. 2B). Gener-
ally, fibre type diameters showed higher values in com-
parison with those of sartorius muscle. Autoradiogra-
phy ‘revealed relatively low and roughly the same
proliferation of nuclei in all three groups (approxi-
mately 1.5%). However, the deep muscle area (with
fast and slow fibres) in TF1 group showed significantly
higher mean value (2.6%) (Fig. 2C).

DISCUSSION

Myoblasts show a high proliferative activity during
early embryogenesis. As soon as they start to synthe-
size muscle specific proteins they are irreversibly with-
drawn from the cell cycle thus gradually decreasing the
proliferating portion of myogenic cell population in fe-
tal skeletal muscles. The post-mitotic myoblasts are
able to fuse forming multinuclear myotubes. They de-
velop successively into muscle fibres. Formation of
new muscle fibres ceases generally at the end of fetal
life and their differentiation and maturation take place
mainly after birth (Rowe and Goldspink, 1969; Swat-
land, 1973; Goldspink and Ward, 1979; Ontell, 1979;
Snow, 1981; Rehfeldt et al., 1987; Timson and Duden-
hoeffer, 1990). An increase of the total fibre number
was found, however, in some skeletal muscles of the
rat (Chiakulas and Pauly, 1965; Rayne and Crawford,
1975; Schmalbruch, 1990) and mouse (Rehfeldt ef al.,
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1987) shortly after birth suggesting differences among
skeletal muscles.

In chicken muscles, rapid formation of myotubes
was found from 11 to 18 days of incubation followed
by subsequent muscle fibre formation (Marchok and
Herrmann, 1967). Total number of muscle fibres in-
creased in the pectoralis major muscle during the first
4-6 weeks after hatching whereas it was not changed
in the sartorius muscle (Hikami and Mizuno, 1965).
For these reasons, we applied exogenous Tf at the 15th
day of incubation when it could promote myoblast pro-
liferation and formation of new fibres in both skeletal
muscles studied.

Data about synthesis of Tf in chicken are very lim-
ited. In addition to the liver, chicken oviduct synthe-
sises ovotransferrin (conalbumin), an iron-binding gly-
coprotein, of the egg white. Both transferrin and
ovotransferrin are products of the same gene and they
differ in carbohydrate parts only (Lee et al., 1978;
McKnight and Palmiter, 1979). More details about Tf
expression in embryonal chicken skeletal muscles or
other embryonal tissues are not known up to now. Due
to this situation and the finding that Tf influenced
myoblast proliferation in vitro in a dose-dependent
manner (Popiela, 1978; Popiela et al., 1982) we tested
in our experiment two empirically chosen Tf concen-
trations — 1 mg (TF1 group) and 5 mg of Tf/embryo
(TF5 group). Since it was demonstrated in vitro that
holo-Tf stimulated proliferation of the L6 myoblast line
whereas apo-Tf showed no effect (Byatt et al., 1990)
we used Tf saturated with iron.

CZECH J. ANIM. SCIL, 45, 2000: 97-103



Fig. 2. Influence of trans-
ferrin on composition of
the pectoralis major mus-
cle at the 9th day of age.

“siowdeep
Difast-deep
_@fast-superf.

Slow and fast fibre type

frequencies in deep muscle

FIBRE TYPE FREQUENCY (%)
FIBRE TYPE DIAMETER (pum)

TF5 (o}

>
w

area (near to the clavicula)
which is formed by both
fibre types (A); fibre type
diameters (B) and prolife-
ration of nuclei (C) in su-
perficial (composed of fast
fibres only) and deep mus-
cle area ( P < 0.05)

TF1

TF5

o Wsuperf. |
[deep: |

LABELLED NUCLEI (%)

(o] TF 1 TF5

2|

The main prerequisite to obtain any effect of exoge-
nous Tf is a sufficient number of cell surface Tf-recep-
tors (Tf-R). Baynes (1995) demonstrated that Tf-R ex-
pression in vitro was decreased by diferric transferrin
in culture medium in a dose-dependent manner. In ad-
dition, higher iron status of an animal reduced Tf syn-
thesis as well as the number of cell membrane Tf-R. In
adult rat liver, iron deficiency induced transcriptional
activity of the TF gene whereas iron overloading re-
duced Tf mRNA content (Idzerda et al., 1986). Induc-
tion of Tf mRNA by iron deficiency was reported also
in chicken liver (McKnight et al., 1980).

In the light of these findings and conclusions from
in vitro experiments which showed that low Tf doses
had a myotrophic effect whereas higher ones inhibited
the growth of myoblasts (Popiela, 1978), we can sug-
gest possible explanations for the relatively low effects
of exogenous Tf in our experiment: (1) The higher dose
of injected Tf in TF5 group increased probably the total
Tf level beyond a threshold when it exerts an inhibitory
effect on muscle growth. In both experimental groups,
moreover, iron delivered by exogenous Tf could cause
an iron overloading so that synthesis of Tf and Tf-R
were down-regulated. (2) The expression of Tf-R could
also be decreased directly by injected Tf. (3) Endo-
genous Tf level in chicken embryos is already near
optimal, physiologically effective concentration for
muscle growth. Thus, its experimental increase through
injected exogenous Tf would not have any clear myo-
trophic effect. All these presumptive negative regula-
tions could reduced the putative myogenic effect of

CZECH J. ANIM. SCI., 45, 2000: 97-103

exogenous Tf. In addition, the differences between ex-
perimental and control groups caused by exogenous Tf
were often statistically non-significant due to relatively
high individual variability in the studied parameters. It
would be explained by a distinct level of endogenous
Tf which could exist in chicken embryos. Thus, Tf
could reach an effective level after application of ex-
ogenous Tf in some chicks only.

In summary, results of this study suggest that exoge-
nous Tf applied during embryogenesis slightly pro-
moted growth and changed fibre type proportion (de-
creasing the number of slow fibres) in chick skeletal
muscles shortly after hatching. Empirically chosen
dose of 1 mg Tf/embryo seems to be more effective
than the dose of 5 mg Tf/embryo which suggests even
an inhibitory effect. To prove Tf as a putative embryo-
nic myotrophic factor further in vivo experiments are
needed.
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MELATONIN LEVEL IN GUPPY (POECILIA RETICULATA -
OSTEIICHTHYES, POECILIIDAE)

OBSAH MELATONINU U ZIVORODKY DUHOVE (POECILIA
RETICULATA — OSTEIICHTHYES, POECILIIDAE)

J. Rajchard'; 1. Hajek?, M. Sery’

: University of South Bohemia, Faculty of Agriculture, Department of Ecology, Ceské
Budéjovice, Czech Republic

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

3 University of South Bohemia, Pedagogical Faculty, Department of Physics, Ceské
Budéjovice, Czech Republic

ABSTRACT: The aim of this study was to monitor the melatonin level in guppy (Poecilia reticulata) under different light
conditions: LD 12:12, 16:8, 20:4 (L: 1.00-21.00 and 13.00-9.00 respectively), LL and DD. Melatonin level was detected by
radioimmunoanalysis (RIA). Comparison between both sexes and three lines including the original (“wild) form of the used
species was accomplished. An average number of 90 adult individuals of both sexes (line A and B together) and 30 embryos
were used in each experiment. Fish of original form (Wild) were used in one experiment only. Their number was 84 indivi-
duals. For comparison of melatonin levels in brain, eyes and intestine a group of 70 individuals was used. A typical daily
melatonin production curve was found in this species under light conditions LD 12:12. All other modifications of daily cycle
light conditions caused a destruction of the melatonin level course. Melatonin levels in an aquarium line of standard color
(A) under light conditions of LD 12:12 were significantly higher (P < 0.05) than those of melanistic line (B). In all other
cases no significant differences in melatonin level values between the lines were found. A statistically significant (P < 0.05)
difference between both sexes (higher in females) was found in LL (permanent light) conditions only. Melatonin levels were
also detectable in guppy embryos. Positive correlations between melatonin levels in brain, eyes and gastrointestinal tract (GIT)
were found.

Keywords: guppy (Poecilia reticulata); melatonin; light conditions

ABSTRAKT: Cilem price bylo studium produkce melatoninu u Zivorodky duhové (Poecilia reticulata) ve svételnych
podminkach LD 12:12, 16:8, 20:4 (L: 1.00-21.00, resp. 13.00-9.00), LL (trvalé osvétleni) a DD (trvala tma). K experimentim
byly pouZity ti linie této ryby: plvodni (,divokd™) forma pochézejici z Venezuely a dvé akvarijni linie, ziskané zamé&rnym
dlouhodobym vybérem potomstva jediného pédru. Tyto dv& linie se vzdjemné lifily stupném pigmentace. Linie oznafovana
jako A (standard) méla zbarveni blizké pfirozenému, druhd (oznacovana jako B) byla melanistickd. Primé&rmy pocet jedincl
obou pohlavi a linii v jednom pokusu byl 90, embryi 30. Porovnini obsahu melatoninu v mozku, o&ich a stfev& bylo prove-
deno u skupiny 70 jedinci. Hladina melatoninu byla stanovena radioimunoanalyzou (RIA) po pfedchozim vytfepani v dime-
tylchloridu. Melatonin byl detekovin v mozku a ofich, u vybraného souboru jedinci zvlasf v mozku, odich a stfevé pro
vzdjemné porovnani hladiny tohoto hormonu. Charakteristickd kiivka priib&hu produkce melatoninu s vyraznym maximem
ve skotofazi a minimem ve fotofdzi byla zjiSténa v podminkdch svételného reZimu LD 12:12 (tj. odpovidajicimu pfibliZné
poméru svétla a tmy v oblastech pfirozeného vyskytu), ostatni modifikace svételného reZimu zplsobily jeji destrukci. Pouze
v piipad€ svételného reZimu LD 12:12 byly nalezeny signifikantné vy3si (P < 0,05) hodnoty hladiny tohoto hormonu u stan-
dardné zbarvené linie A oproti melanistické linii B, ve viech ostatnich pfipadech nebyly meziliniové rozdily statisticky
prikazné. Statisticky vyznamny (P < 0,05) rozdil hladin melatoninu mezi pohlavimi (ve prosp&ch samic) byl nalezen pouze
u ryb vystavenych trvalému osvétleni. Melatonin byl detekovatelny i u embryi. Mezi hodnotami obsahu melatoninu v mozku,
ocich a stfevé byla nalezena pozitivni korelace.

Kli¢ovi slova: Zivorodka duhovi (Poecilia reticulata); melatonin; svételné podminky
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INTRODUCTION

Guppy (Poecilia reticulata) is a highly variable spe-
cies of the Poeciliidae family. The large area of distri-
bution of this species and its considerable adaptability
to various environmental conditions resulted in mor-
phologically different natural populations, and many
domestic lines. As environmental conditions may influ-
ence growth and reproduction characteristics, results of
such studies can be compared only under controlled
conditions (e.g. water temperature, food composition
and availability).

Melatonin is one of the signals produced by the pineal
organ of vertebrates. This hormone is involved, as an
internal timer (in original terminology often referred to
as “Zeitgeber") in the control of various circadian and
seasonal rhythms. In all vertebrates investigated so far,
the LD cycle is the principal environmental factor con-
trolling melatonin secretion. Melatonin biosynthesis is
low during daytime and high during nighttime (Ill-
nerové, 1995; Illnerova and Sumova, 1997).

In lower vertebrate pineals, biosynthesis takes place
in photoreceptor cells. Their structure and function are
analogous to retinal photoreceptors. The afferent
nerves bring the light information from the epiphysis
to sensoric areas of the brain stem (Falcon and Collin,
1989). '

A radioimmunoassay (RIA) for plasma melatonin
was simplified for use with the common carp (Cyprinus
carpio). Results of this study suggest that melatonin is
an important hormone in photoperiodism and circadian
rhythm in fish (Kezuka et al., 1988). The results of
epiphysis cell function study in pike (Esox lucius), in
vitro, indicate that the oscillator, which is synchronized
with photoperiod, directs N-acetyl transferase activities
and melatonin secretion rhythms (Falcon et al., 1989).
Melatonin secretion from the superfused goldfish
(Carassius auratus) pineal gland is directly photosen-
sitive. Goldfish pineal gland harbors a circadian oscil-
lator which generates melatonin secretion rhythms
(ligo et al., 1991).

Diurnal ultrastructure changes of embryonal retinal
photoreceptors in guppy (Poecilia reticulata) were
studied by Kunz and Ennis (1983). The aim of this
study was not to follow the changes of melatonin se-
cretion, however it is interesting with respect to the
used experimental fish model. Embryonal photorecep-
tors are sensitive to destruction of diurnal cycle. Re-
sults indicate suitability of guppy for such a study
which can also be important for investigating the cause
of some human diseases (retinitis pigmentosa).

The different combinations of daily light regime
(LD 3:21, 8:16, 12:12, 16:8, 24:0), to which domestic
and original guppy lines were exposed, did not cause
any changes in the length of interval between births.
Melatonin level was not investigated (Munro, 1989).

The retina has been classically regarded as a media-
tor between light and the central pacemaker, which is
located at the suprachiasmatic nucleus of vertebrates.
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Sanchez-Vizquez et al. (1997) examined melatonin
level in plasma and eyes in sea bass (Dicentrarchus
labrax). Sea bass were kept at constant water tempera-
ture and salinity, and exposed to LD 12:12. Melatonin
levels in plasma peaked in the middle of the dark phase,
dropping after lights on. Melatonin in the eye, on the
contrary, exhibited an inverse profile, with high levels
during daytime and low levels at night. This suggests
that melatonin in the plasma and the eye may act inde-
pendently of the flexible circadian system of sea bass.
Bubenik and Pang (1997) studied melatonin secre-
tion in gastrointestinal tract (GIT) and retina of stur-
geon Acipenser fulvescens, rainbow trout (Oncorhyn-
chus mykiss) and common carp (Cyprinus carpio). The
circadian melatonin level course in retina and gastroin-
testinal tract showed a similar pattern. There were marked
interspecific differences in GIT melatonin levels.

MATERIAL AND METHODS
Basic characteristics of guppy (Poecilia reticulata)

Viviparous fish, originally widely distributed in na-
ture in Venezuela, Guyana, Trinidad, Barbados and
Northern Brazil; secondarily spread by humans to other
tropical and subtropical regions. It became important
for aquarium breeding and contributed to the develop-
ment of aquaristics. In artificial breeding, genetic va-
riability was a major biological prerequisite for devel-
opment of many types of coloration and other
morphological characteristics; for instance, changes in
the shape of tail and dorsal fins, and body size. These
and other qualities may be used in biological research,
especially in genetics, physiology, developmental biol-
ogy, and other disciplines.

Characteristics of used lines

The original (wild type) form of guppy (Poecilia
reticulata) was imported from Caracas, Venezuela
(about 1 000 m above sea level), in 1996. Two Poecilia
reticulata lines of common origin were used for com-
parison to aquarium forms. These lines originated from
cross-breeding of a normally colored female and
a black male with elongated tail and dorsal fines. Two
phenotypically different lines of the same genetic ori-
gin were obtained after approximately five years selec-
tion.

For comparison, two lines from the Department of
Ecology cultures at the Faculty of Agriculture, Univer-
sity of South Bohemia, were used. They differ from
each other in the intensity of pigmentation and were
designated Standard and Black. However, both lines
are of a common origin as they were obtained from
a single pair by long-term cross-breeding. The line des-
ignated as Standard had the basic Poecilia reticulata
coloration. The line designated Black was a melanistic
line.
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Breeding conditions

Aquaria with 30 liters of water were used for breed-
ing. Young fish were kept in larger tanks with 80 liters
of water. Their bottom was left without any substrate.
Tanks were planted with loose-floating plants (Micro-
sorium sp., Vesicularia dubyana) and pot plants (Val-
lisneria sp., Cryptocoryne sp., Echinodorus sp., Mar-
silea quadrifolia and others). Only natural light was
used. Water temperature was checked regularly: the av-
erage temperature was 22 °C, ranging from 21 °C to
24 °C. Tanks were aerated and those with a larger
number of fish were equipped with a filter.

Fish was fed with live zooplankton. For the rest of
the week, it was fed with commercial aquarium fish
mixture; in winter, the diet was supplemented also fro-
zen plankton.

Gravid females at advanced stages of gravidity were
moved into “birth tanks® in order to allow newly
hatched fish to safely escape from mother’s reach after
birth (prevention of cannibalism). As birth tanks, slant-
ing pieces of glass with a slot were used placed into
small tanks, or plastic birth cages. After birth, females
were returned into their original aquarium and four
weeks later, they were moved into birth tanks again.

Individual lines of fish were kept separately (preven-
tion of possible inter-linear competition). Their popu-
lation densities, expressed as numbers of individuals
per aquarium space, were set as different densities
might influence growth characteristics.

Biorhythm synchronization

Experimental fish were kept in aquaria with 50 liters
of water. The aquaria were situated in the laboratory
without natural (day) light. The intensity of artificial
light on water surface in aquaria was 200 Ix. Water
temperature was 22-24 °C. Synchronization lasted for
21 days. Light schedules: LD 12:12 (L: 7.00-19.00),
16:8 (L: 3.00-19.00), 20:4 (L: 1.00-21.00, 13.00-
9.00), LL, DD (48 hours of dark after 21 days of syn-
chronization to natural light regime LD 12:12).

Sample collection

Tissues were sampled either in 3 hours intervals or
in 4 hours intervals, in one series in 1 hour intervals,
in order to find the exact time of melatonin changes.
Fish were killed with carbon dioxide (CO,) in a glass
with soda-water, at the same temperature as water tem-
perature in aquarium. After killing, fish were measured
and sampled for the brainpart of head with eyes, or
brain and eyes separately. When pregnant females were
in samples of experimental fish, embryos were sampled
for melatonin level analysis too. This procedure was
carried out in a laboratory with aquaria, in the same
light conditions as those of which fish were exposed
instantaneously — in a dark part of daily cycle in con-
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ditions of damped red light. Samples were immediately
put in test-tubes and frozen at a temperature —30 °C.
It was necessary to freeze the samples immediately
to prevent changes in melatonin post mortem level.
Therefore the samples were not weighed after dissec-
tion to keep the shortest interval between fish killing
and sample freezing. Fish body length was registered.
No statistically significant difference between the body
length and melatonin level was found, therefore the
body size was not considered (fish of uniform age were
used in experiments). Usually 3 individuals were in one
sample. Melatonin level was calculated to one fish.

Sample preparation and melatonin level detection

Melatonin level was detected by radioimmunoana-
lysis (RIA) after extraction with dichloromethane,
CH,Cl,. This method was described by Humlova
(1992). Melatonin was measured by a direct radioim-
munoassay (Frazer et al., 1983): [3H] melatonin, spe-
cific activity 3.15 Tbq/mmol, was purchased from the
Radiochemical Center (Amersham, UK). The anti-
serum, batch G/S 704-8483, was kindly provided by dr.
J. Arendt via Stockgrand Ltd., Department of Biochem-
istry, University of Surrey. Samples of 25 and 100 mi-
crog melatonin per assay had interassay variations of
13 and 9 %, respectively. The limit of assay detection
was 6 pg for 500 microliters of sample. The value of
0 pg/ml was arbitrarily assigned to all baseline daytimes
valued which were below the level of detection. Tissue
extracts were dissolved in assay buffer, incubated with
labelled ligand (about 10 000 cpm/tube) and antiserum
(dilution 1 : 4 000) overnight. Free and bound radioac-
tivity was separated by absorption on dextran-charcoal
and centrifugation. Antibody-bound radioactivity in su-
pernatant was measured in Bray scintillation fluid.
Samples were assayed in duplicate and read against the
calibration curve based on melatonin (3-100 pg/assay).
This method was used on material from guppy for the
first time in our experiments.

An average number of 90 adult individuals of both
sexes (line A and B together) and 30 embryos were
used in each experiment. Fish of line D (Wild) were
used in one experiment only. Their number was 84 in-
dividuals. Mean values of melatonin level and also the
standard deviation (S;) were calculated. Single points
in figures are mean values calculated from certain val-
ues of individual melatonin level. Error bars refer to
the standard error (S,) values. S, = Sd/\/rT. Statistical
significance was calculated on the level P: P < 0.05.
Correlations between melatonin level values in adults
and in embryos were calculated and also correlations
between melatonin level values in brain, eyes and in-
testine. For comparison of melatonin level values in
brain, eyes and intestine a group of 70 fishes was used.
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RESULTS
Melatonin level under light conditions LD 12:12 (Fig. 1)

Under the basic conditions LD 12:12 (L: 6.00-
18.00) melatonin level reached maximal values 2 hours
after midnight. In the next hours a decrease in mela-
tonin level was found. It continued after light phase
onset. Minimal level of this hormone was detected in
the afternoon. An increase at 20.00 was found, it was
2 hours after the onset of dark phase.

Fig. 1. Melatonin level course in guppy under light conditions
LD 12:12

Legend to Figs. 1-6: — melatonin level in adults; - - - - melatonin
level in embryos
Line below all figures: length of scotophase

Melatonin level under LD 16:8 conditions (Fig. 2)

The adaptation to LD 16:8 (L: 3.00-19.00) caused
expressive changes of the original form of melatonin
level curve. Maximum level occurred at 18.00, how-
ever the peak was not as high as in controls.

melatonin [pg)ish

0 [ 12 18 24
time (hours)

Fig. 2. Melatonin level course in guppy under light conditions
LD 16:8
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Melatonin level under LD 20:4 (L: 1.00-21.00)
conditions (Fig. 3)

In this case very small differences between individ-
ual samplings were found and production of hormone
was low in all cases, 20-40 pg only/individual.

melatonin [pg)fish
8
|
|
|
|
|
|
|
|
1

0 6 12 18 24
- time (hours)

Fig. 3. Melatonin level course in guppy under light conditions
LD 20:4 (L: 1.00-21.00)

Melatonin level under light conditions LL (permanent
light) (Fig. 4)

This regime caused destruction of daily melatonin
fluctuations as well. In Fig. 4 two peaks are evident,
one about midday, the second at 19.00. It indicates that
permanent light caused desynchronization of bio-
rhythms.

time (hours)

Fig. 4. Melatonin level course in guppy under light conditions LL
(permanent light)

Melatonin level under LD 20:4 (L: 13.00-9.00)
conditions (Fig. 5)

A decrease in melatonin level was detected in the
middle of photophase in experimental individuals un-
der these light conditions. Two small peaks in the daily
cycle were found: morning and afternoon. The second
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peak occurring at 14.00 and a subsequent decrease in
the middle of the long subjective day suggests a possi-
bility of exogenous light synchronization of the mela-
tonin level biorhythm.

Fig. 5. Melatonin level course in guppy under light conditions
LD 20:4 (L: 13.00-9.00)

Melatonin level under conditions of permanent
darkness (DD) (Fig. 6)

Experimental individuals were exposed to perma-
nent darkness for 48 hours after synchronization at LD
12:12 conditions. Guppy is a species with daylight ac-
tivity, in dark they do not take food. A prolonged dark
period can cause physiological disfunctions with un-
known influence on the melatonin level biorhythm. In
this case we found a very small increase in melatonin
level in the morning and a higher one in the evening.
The evening increase may be due to the synchroniza-
tion from the previous light regime LD 12:12.

melatonin [pg)fish
‘ 8
|
|
i

Fig. 6. Melatonin level course in guppy under light conditions DD
(permanent dark)

Comparison of melatonin levels between males and
females basic light regime LD 12:12 (Fig. 7)

At 2.00 melatonin levels were higher in females than
in males. Generally the difference between the sexes
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was not significant. No significant difference in mela-
tonin level between males and females was found after
a five day exposure to the basic light regime. A signifi-
cant difference (P < 0.05) between the sexes was found
only in melatonin levels measured in individuals of the
guppy groups from Venezuela, i. e. in the wild type. In
these individuals higher melatonin levels were found in
females.
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Fig. 7. Comparison of melatonin level course in males and females
of guppy under light conditions LD 12:12

Differences of melatonin levels between males and
females as modified by light regime

Significantly higher (P < 0.05) values in females
than in males were found only under light conditions
LL (permanent light). Melatonin level values were not
significantly affected by other light regimes [(LD 16:8,
20:4 (L: 2.00-22.00), 20:4 (L: 14.00-10.00, DD)].
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Fig. 8. Comparison of melatonin level course between guppy line A
and B under light conditions LD 12:12

Comparison of melatonin levels in different guppy lines
After synchronization in the basic light regime LD

12:12, an earlier and higher onset of night maximum
was found in the melanistic line (called line B). Both
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lines had a well balanced course of melatonin levels in
the other part of daily cycle (Fig. 8). In this case mela-
tonin level was significantly higher (P < 0.05) in line
A than in line B. In all other cases no significant dif-
ferences in melatonin levels between the lines were
found.

Localization of melatonin secretion

Localization of melatonin secretion was studied on
selected individuals irrespective of lighting regime.
The aim of this part of the study was to compare mela-
tonin levels in brain, eyes and intestines. Results
proved analogous melatonin levels in the analysed or-
gans: brain, eyes and intestines. Similar melatonin levels
were found in all organs studied. There were positive
correlations between melatonin levels detected in brain
and eyes, brain and intestine and intestine and eyes.

Melatonin level in embryos

Melatonin level in whole embryos was detectable in
most samples. The time courses of this hormone levels
were mostly similar like in adults, a positive correla-
tion was found between melatonin level values in
adults and embryos (Figs. 1-6).

DISCUSSION

The results of this study suggest that in this species
regular melatonin level patterns exist in 24 hours cycle,
similarly like in other organisms, e. g. laboratory mam-
mals (Illnerova, 1995; Illnerovd and Sumova, 1997).
Maximum levels were found in scotophase. Melatonin
production responds to an external light impulse (ratio
between photophase and scotophase in 24 hours cycle).
As a species of tropical areas of the northern part of
South America, guppy (Poecilia reticulata) prefers evi-
dently the LD 12:12 light regime, analogous to the
natural ratio between the light and dark part of the day
cycle in areas of their original occurrence. Any modi-
fications of this natural light regime cause the destruc-
tion of natural melatonin level pattern, i. e. the differ-
ences between minimal and maximal melatonin level
values decrease.

These facts correspond with the results of ligo et al.
(1991), who regard melatonin levels in fish as a light
dependent function after studying melatonin production
in in vitro cultured pineals of Carassius auratus. Simi-
larly, Alvarino et al. (1993) and Max and Menacher
(1992) described melatonin secretion in the rainbow
trout (Oncorhynchus mykiss) as a direct response to the
dark period, which is not subjected to an endogenous
circadian control like in other vertebrates. Analogous
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results were also found in the taxonomically distant
species Zacco temminckii (Takabatake and Iga, 1991).

Bolliet et al. (1996) followed pineal melatonin lev-
els in nine freshwater and six marine fish species.
Rhythmical changes in melatonin secretion were found
in pineals of all these organisms except for rainbow
trout (Oncorhynchus mykiss) under light/dark alterna-
tion conditions and in permanent dark conditions. In
most of the species studied, similar or higher maximal
melatonin levels were detected under permanent dark
conditions rather than under light/dark alternation.
Rhythmic melatonin secretion in rainbow trout (On-
corhynchus mykiss) is evidently controlled by light im-
pulses. Results of melatonin level changes found in
guppy (Poecilia reticulata) suggest a similar mecha-
nism. In fish, like in most other vertebrates, some in-
terspecific differences may exist in the manner of mela-
tonin production control. This aspect is little
understood in fish so far.

No significant differences in melatonin levels were
found between aquarium (domestic) lines with different
pigmentation.

Results concerning localized melatonin production
correspond to the data of Takabatake et al. (1992), who
worked with Zacco temminckii. Different results of
retinal melatonin analysis were found in brook trout
(Salvelinus fontinalis). In this species, the retina prob-
ably does not have an endocrine function (Zachman et
al., 1992).

Significant correlations between melatonin level in
brain, eyes and gastrointestinal tract (GIT) were found
in our experiments. Melatonin secretion in GIT and
retina correspond to results of Bubenik and Pang
(1997) in sturgeon Acipenser fulvescens, rainbow trout
(Oncorhynchus mykiss) and common carp (Cyprinus
carpio). There were marked interspecific differences in
GIT melatonin levels. Melatonin levels showed the
same daily pattern as those in brain and eyes in guppy.

Relations between guppy embryonal photoreceptors
sensitivity, destruction of diurnal cycle and melatonin
production were suggested by Kunz and Ennis (1983).
The reactivity of guppy photoreceptors is a proof of
their function during embryonal development. The pat-
tern of melatonin levels in guppy embrya suggest their
sensitivity to light regime.
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UTILIZACIA DUSIKA PRI SKRMOVANI ZMESI S ROZNYM
OBSAHOM DUSIKATYCH LATOK OSIPANYM

NITROGEN UTILIZATION FROM FEED MIXTURES WITH DIFFERENT
PROTEIN CONTENTS FOR PIGS

R. Galik, P. Milly
Slovak University of Agriculture, Faculty of Agronomy, Nitra, Slovak Republic

ABSTRACT: Three metabolic trials (MT) were conducted on 9 barrows of four-breed pig hybrid /¢ (LW x L) x & (Du x
Pn)/ at average live weights of 44, 58 and 70 kg. The animals were divided into three experimental groups (EG I, IT and III);
EG 1 received feed mixture containing grain coarse meals (74%), wheat bran (5%), peas (6%), alfalfa meal (3.7%), soybean
meal (6.5%), meat and bone meal (2.5%) and supplements (0.3% feeding salt, 1% MKP-4, 1% PX P1). The proportions of
soybean meal in EG II and IIT were increased by 4% in either case (as a wheat coarse meal replacement); it provided for
increases in protein and lysine contents as well as in lysine/MEg indicator in g/MJ. In agreement with the metabolic trials,
dietary protein contents ranged from 163.6 to 173.0 in EG I, 170.4-183.7 in EG II and 181.2-197.6 g/kg dry matter in EG
ITI. Lysine contents were 7.7-8.2, 8.7-8.8 and 9.5-10.2 g, threonine contents 4.8-6.2, 5.5-6.5 and 5.7-6.9 g/kg dry matter
for the same group order. The respective lysine to threonine ratios were 1 : 0.62-0.75, 1 : 0.63-0.74 and 1 : 0.58-0.73. Lysine
per MJ of metabolizable energy amounted to 0.60-0.64 g in EG I, 0.68-0.69 g in EG II and 0.74-0.80 g in EG III. The
highest, and roughly identical nitrogen deposition in the first MT was determined in EG Il and II1 (25.5 g) while percentage
retention from taken up and digested N was lower in EG III (55.20 and 51.25% and/or 64.47 and 61.87%). Protein deposition
in the animal body amounted to ca. 160 g in these groups. In the second MT, the highest N retention (27.7 g) was recorded
in the animals of EG II, which also showed the highest nitrogen utilization ratio (PER). Percentage retention of nitrogen from
taken up N was higher in EG II by 5.67 and 11.05 than in EG I and III respectively (P < 0.05), the respective values for
digested N were higher by 4.42 (P < 0.05) and 10.46 (P < 0.01). Protein deposition in the animal body in EG II was about
173.3 g. Renal output of nitrogen was higher in the animals of EG III than in EG I and IT (P < 0.01). In the third MT, the
highest N retention (24.5 g of retained nitrogen corresponded to protein deposition of 153 g), and nitrogen utilization were
determined in EG 1. Urine output of nitrogen was higher in the animals of EG III than in EG I and II (P < 0.01) while their
N utilization from digested N was the worst of all. The differences from EG I and IT were statistically significant (P < 0.05).
The results of the above metabolic trials aimed at the study of nitrogen utilization indicators are intended to contribute to
determination of a reasonable proportion of proteinaceous component in feed mixtures of the given type in relation to live
weight of pigs of the genotype concerned and to the efficiency of dietary protein utilization and N deposition.

Keywords: metabolic trial; pig hybrid /Q (LW x L) x & (Du x Pn)/; feed mixture; proteins, lysine; N utilization; nitrogen
retention from taken up N; nitrogen retention from digested N; protein deposition in the animal body

ABSTRAKT: V troch bilanénych pokusoch (BP) s latkovou straviteInostou (pri priemernej hmotnosti 44, 58 a 70 kg) so
Stvorplemennym hybridom o3ipanych /@ (BU x L) x & (Du x Pn)/ sme preskiimali vplyv aplikdcie kfmnych zmesi s tromi
troviiami N-latok (rdzne zastipenie séjového extrahovaného Srotu v zmesiach) na ukazovatele utilizicie dusika. Retenciu
dusika (ukladanie N-latok v tele), ako aj jeho vyufZitie z prijatého a straveného mnoZstva dusika i rendlnu exkréciu ovplyv-
fiovala hladina N-litok v zmesi. V 1. BP sa najvysSia retencia dusika zaznamenala pri obsahu 18,27 a 19,76 % N-latok
v suSine zmesi (obsah lyzinu 0,99 a 1,11 %), av8ak pri zmesi s vy§§im obsahom N-ldtok boli ukazovatele vyuZitia dusika
(percento retencie z prijatého a stridveného dusika) hor$ie. V 2. BP sa najvysSia retencia dusika a ukazovatele jeho vyuZitia
dosiahli pri obsahu 18,37 % N-latok a 0,99 % lyzinu v suSine zmesi a v 3. BP pri obsahu 16,36 % N-létok, resp. 0,93 %
lyzinu v suSine kfmnej zmesi. V skupine kimenej zmesou s najvy$§im obsahom N-litok sa vo vykaloch a najmi v mod&i
zaznamenalo zvy3enie vyluCovania dusika.

Klicové slova: bilanény pokus; hybrid o$ipanych /Q (BU x L) x & (Du x Pn)/; kimna zmes; N-latky; lyzin; utilizicia N;
retencia dusika z prijatého dusika; retencia dusika zo straveného dusika; N-litky uloZené v tele
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UvVoD

Predpokladom racionalnej vyroby bravéového misa
je plné vyuZzitie potencidlnych rastovych schopnosti vy-
krmovych oSipanych. VyZiva podmiefiuje dokonalé
rozvinutie dZitkovych vlastnosti oSipanych za pod-
mienky optimalneho obsahu a vzajomného pomeru jed-
notlivych nutri¢nych zloZiek krmiva vo vztahu k poZia-
davkam zvierat. Rozpor medzi potrebou a privodom
Zivin a energie mo6Ze narusit latkovy metabolizmus,
menit zloZenie prirastku, zniZit uZitkovost, zhor§it
zdravotny stav a zvySit naklady na jednotku produktu.

V poslednych rokoch sa v ramci hybridizatného
procesu zmenila typova modifikicia oSipanych v zame-
rani na zvy3end anabolickd premenu bielkovin a redu-
kovanu tvorbu tuku, ¢o sa prejavuje zvySenim podielu
misa v jato¢nom tele. V tejto sivislosti by malo byt
v dusikatych latkach pouZitého krmiva zodpovedajice
zastipenie esencidlnych aminokyselin a ich vybilanco-
vany vzajomny pomer.

Simecek er al. (1994) uvadzajui, Ze v kg kompletnej
kfmnej zmesi pre predvykrm (15-35 kg), vykrm I (35—
65 kg) a vykrm II (65-120 kg) ma byt obsiahnuté 9,8;
8,2 a 6,8 g lyzinu, 6,4; 5,3 a 4,4 g treoninu, 5,4; 4,5
a 3,7 g sirnych aminokyselin a 1,9; 1,6 a 1,3 g trypto-
fanu. Ukazovatel lyzin/MEp by mal dosahovat hodn6t
0,76; 0,64 a 0,54 g/MJ. Pre vykrmové o§ipané misové-
ho typu sa poZaduje zastipenie uvedenych zloZiek a za-
stipenie lyzinu na MJ ME, v zmesi eSte vy3Sie (Sime-
cek et al., 1995). Podla autorov Behm et al. (1987) méa
univerzéilna zmes pre vykrm o$ipanych s obsahom me-
tabolizovatelnej energie 12-13 MIJ/kg na priemerny
denny prirastok 700 a 800 g obsahovat v kg 7,5, resp.
8,2 g lyzinu, 4,6, resp. 4,9 g treoninu, 4,9, resp. 53 g
sirnych aminokyselin a 1,5, resp. 1,6 g tryptofanu.
Genci a Gilik (1974) zaznamenali pri skrmovani jednej
zmesi za cely vykrm (30-115 kg) najlepsie vysledky
pri obsahu 8,5 g lyzinu v kg kfmnej zmesi. Podla autorov
Van Lunen (1995) a Cole (1992) ma byt vzajomny po-
mer lyzinu, treoninu, sirnych aminokyselin a tryptofa-
nu vybilancovany na hodnotu 1 : 0,65 : 0,55 : 0,19.
Lindermayer et al. (1993) uvadzaji poZadovany pomer
lyzin : metabolizovatelna energia (g/MJ) pre dsek vy-
krmu 20 az 40 kg - 0,75; 40 aZ 60 kg — 0,65; 60 aZz
80 kg — 0,60 a 80 az 105 kg — 0,50.

Kompletizaciou dusikatej zlozky krmiva podla po-
Ziadaviek zvierat dochddza k vy38ej retencii dusika
v tele, lepSiemu vyuzitiu dusika zo straveného dusika,
zvySeniu biologickej hodnoty bielkovin a sicasnému
zniZeniu vylucovania dusika mo¢om (Gdlik, 1998). Ur-
Cenie optimalnej potreby aminokyselin je délezité ako
pre plné vyuZitie genetického potencidlu oSipanej, tak
aj pre dosiahnutie maximalnej konverzie prijatych biel-
kovin a minimélnu exkréciu dusika (Heger et al.,
1997). Tvorba maisa, t.j. schopnost ukladania bielkovin
v tele oSipanych, je geneticky fixovana vlastnost. Mly-
nek (1997) uvadza, Ze sicasné vysokovykonné typy
o§ipanych ukladaji predovSetkym svalovinu. Podla Ze-
mana (1997) moZno pre vykrmové oSipané zostavil
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kimnu zmes na dosiahnutie prirastku 900 g, ked popri
ostatnych Ciniteloch ovplyviiujicich vysledok vykrmu
(najmé dosahovani hmotnost a zdravotny stav odstav-
¢iat) méd prasa schopnost ukladat viac ako 200 g dusi-
katych latok za deii. Ak prasa nemé schopnost ukladat
dusikaté latky v tele, nie je mozné Ziadnou kimnou
technikou dosiahnut vysokého prirastku. Zmesi musia
byt zostavené najmenej na obsah 13,2 MJ MEj v kg,
musia mat dostatocne vysoky obsah lyzinu a ostatné
aminokyseliny musia byt v silade s hladinou lyzinu na
drovni tzv. ,idedlneho proteinu“. Poziadavky vykrmo-
vych ofipanych z aspektu raciondlnej vyZivy v oblasti
aminokyselinového zloZenia dusikatych latok je po-
trebné riesit vhodnym druhovym zastipenim kompo-
nentov v zmesiach a pripadnym doplnkom: kimnych
aditiv s obsahom esencialnych aminokyselin (Galik
a Garlik, 1995).

Prokop (1997) uvadza, Ze eSte pred 10 az 15 rokmi
bola u priemernej populacie prasiat schopnost uklada-
nia dusikatych latok v tele vykrmovanych prasiat na
urovni 110-120 g denne. Sucasnd uroveii mozno od-
hadnit na 130-140 g, pricom existuji hybridy so
schopnostou ukladat v tele viac ako 200 g dusikatych
litok denne. Sime¢ek a Zeman (1998) konStatuju, zZe
v sticasnosti sa ako maximélne mnoZstvo denne uloZe-
nych bielkovin uvadzaji hodnoty 140 az 190 g. To sa
odradZa aj vo zvySenych narokoch na privod aminoky-
selin, z ktorych sa bielkoviny syntetizuji. V ramci pa-
rametrov uzitkovosti siborov (21-102 kg z.h.) pre star-
§i typ oSipanej uvadzaji 85 g denne uloZenych
dusikatych latok, pre bezny typ 103 g, pre misovy typ
122 g a pre supermisovy typ 146 g. Pri stupiiovanom
prijme dusikatych latok a lyzinu (Seghers Hybrid, prie-
mernd hmotnost 43 kg) zistil Prokop (1995) zvySovanie
ukladania dusikatych latok v tele zo 104 na 144 g den-
ne. Pri réznej hladine energie, treoninu a metioninu
(rovnaky hybrid a hmotnost) dosahovalo denné uloZe-
nie 119 aZ 142 g dusikatych latok (Prokop, 1996a).
V inych pokusoch s réznou tdroviiou prijmu dusikatych
latok a lyzinu u troch réznych genotypov (BU x L x
CVM x PN; Bu x L x LW; Seghers Hybrid) pri prie-
mernej hmotnosti 46 kg zaznamenal Prokop (1996b)
uloZené mnozZstvo dusikatych latok 122-165 g, 106—
148 g, resp. 104-144 g. Prokop et al. (1996) stanovili
u prasiat definovaného genotypu (bravéeky, Bu x L x
L85, priemerna hmotnost 48 kg) pri pouziti izoenerge-
tickych zmesi a dennom prijme 230,6-326,8 g dusika-
tych latok a 14,1-20,9 g lyzinu medzu efektivneho
ukladania dusikatych latok na hranici 160 g denne. Pri
vy$Som prijme dusikatych latok a aminokyselin naras-
talo ukladanie dusikatych latok iba mierne, vyrazne sa
vSak zhorSovalo vyuzitie dusika ako aj produkéna acin-
nost zmesi. Heger (1996) zistil u prasni¢iek Bu x L x
H pri aplikacii diét na baze cereilii a s6jového extra-
hovaného 3rotu so zvySujicim sa obsahom lyzinu zo
6,4 na 11,9 g/lkg zvySovanie mnozstva uloZenych dusi-
katych latok zo 110,3 na 149,3 g/dei.

Cielom na$ej prace bolo preskiimat ukazovatele uti-
lizacie dusika (skrmované zmesi mali rozdielny obsah
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N-latok a lyzinu) vykonanim troch bilan¢nych pokusov
pri roznej hmotnosti na midsovom §tvorplemennom
hybride ofipanych /Q (Bu x L) x & (Du x Pn)/.

MATERIAL A METODA

Do bilan&nych pokusov s latkovou stravitelnostou
(BP) sme zaradili 9 bravéekov uvedeného hybrida roz-
delenych do troch skupin po troch zvieratach v skupi-
ne. Bravéeky boli umiestnené v klietkach pre bilan¢né
pokusy s mozZnostou individudlneho kfmenia a kvanti-
tativneho zachytivania vykalov a mocu. Pokusy sa
uskuto¢nili klasickou metédou pri dizke pripravnych
obdobi 8 dni a vlastnych pokusnych obdobi vZdy 6 dni.
Priemerna hmotnost o$ipanych v pokusoch bola 44, 58
a 70 kg. Ofipané sa kimili kompletnymi kimnymi zme-
sami (tab. 1), dennymi davkami v 1. BP 1,8 kg, v 2.
BP 2,0 kg a v 3. BP 2,2 kg, stanovenymi podla maxima
denného konzumu zmesi. Denné dévka krmiva sa po-
déavala nadvakrat (v 7.00 rano a v 15.30 popoludni)
vzdy polovi¢nou davkou. Krmivo sa riedilo teplou vo-
dou v pomere 1 : 1,5. V Case obeda sa oSipané napéjali
meranym mnoZstvom pitnej vody podavanej ad libi-
tum. PoCas pokusnych obdobi sa vylu¢ované vykaly od
kaZdej oSipanej zhromazdovali v zvlastnych uzatvara-
teInych nddobach a konzervovali sa toluénom, po
ukonéeni pokusnych obdobi sa dokladne rozmieSali
a z celkového mnoZstva sa odobralo 10 % ako prie-
mernd vzorka na predsuenie, zhomogenizovanie a na-
sledny chemicky rozbor. Z denne vyli¢eného motu
(konzervéacia 10% HCI v mnoZstve 10 % na objem vy-
li¢eného modu) sa odoberali a v nadobach pre kazdd
ofipanu zhromazdovali 10% podiely. Z takto konzer-
vovaného moc¢u sa odmeriavalo potrebné mnoZstvo na
stanovenie dusika.

V priemernych vzorkdch kfmnych zmesi a exkre-
mentov sa obsah dusika uréil podla CSN 46 7092. Ob-
sah aminokyselin (lyzinu a treoninu) sa stanovil v hyd-
rolyzétoch vzoriek kimnych zmesi na pristroji T-339M.

V pokusoch sme vyhodnotili mnoZstvo strdveného
dusika v gramoch, mnoZstvo zadrZaného dusika v gra-
moch a percentach z prijatého dusika, ako aj percento
zadrzaného dusika zo strdveného dusika.

Vyznamnost rozdielov medzi skupinami sme hodno-
tili analyzou variancie s naslednym testovanim Dunca-
novym retazovym testom.

VYSLEDKY A DISKUSIA

Kfmne zmesi (zloZenie udava tab. 1) aplikované
v bilanénych pokusoch s latkovou straviteInostou (da-
lej BP) obsahovali podla pokusnych skupin (dalej PS)
a vykonanych pokusov (1, 2, 3) 16,57 (I. PS), 18,27
(II. PS) a 19,76 (III. PS) % N-latok v 1. BP, 17,30
(I. PS), 18,37 (II. PS) a 19,71 (III. PS) % N-létok v 2. BP
a 16,36 (I. PS), 17,04 (II. PS) a 18,12 (IIl. PS) %
N-latok v suSine kfmnych zmesi v 3. BP. Tym sa do-
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Tab. 1. ZloZenie kfmnych zmesi -~ Formulations of feed mixtures

S Lo Pokusné skupiny'?
L 1. 111

Komponenty zmesi? (%):

Jagmeit® 27.0 27,0 27,0
Kukurica* 23,0 23,0 23,0
Pienica® 24,0 20,0 16,0
PSeni&né otruby® 5.0 5,0 5,0
Hrach? 6,0 6,0 6,0
Lucernovd mucka® 3,7 3,7 37
S6jovy extrahovany 3rot” 6.5 10,5 14,5
Miisovokostnd mitka'? 25 2,5 2.5
Kémna sol'! 03 0.3 03
MKP-4 1,0 1,0 1,0
PX Pl 1,0 1,0 1,0

ZloZenie MKP-4: kfmny vépenec 55 %, dikalciumfosfét 40 %, dopl-
nok stopovych prvkov 5 %

ZloZenie PX P1: vitamin A 200 000 m.j., vitamin D, 40 000 m.j.,
vitamin B, 240 mg, vitamin B, 1,2 mg, niacin 150 mg, L-lyzin HCI
32 000 mg, vehikulum do | kg

Doplnok stopovych prvkov: CuSO4.5H,0 8 %, FeSO,.7H,0 40 %,
Zn0 20 %, MnCO; 10 %, KJ 0,1 %, CoSO,4.7H,0 0,01 %, vehiku-
lum 21,89 %

MKP-4 position: feeding li
40%, trace element supplement 5%
PX P1 composition: vitamin A 200 000 i.u., vitamin D, 40 000 i.u.,
vitamin B, 240 i.u., vitamin B, 1.2 mg, niacin 150 mg, L-lysine
HCI 32 000 mg, vehicle ad | kg

Trace element supplement: CuSO,.5H,0 8%, FeSO,.7H,0 40%
Zn0O 20%, MnCO; 10%, KJ 0.1% C0SO,.7H,0 0.01%, vehicle
21.89%

55%, dicalcium phosphate

lindicators, zingredi(:nts. 3barley, “corn, Swheat, *wheat bran, 7pens,
Yalfalfa meal, ”soybenn meal, "’meat and bone meal, “fceding salt,
lzexperimcnml groups

siahol pri rovnakom davkovani zmesi diferencovany
prijem dusika podla jednotlivych skupin oSipanych
v kazdom BP (tab. 2). Obsah lyzinu a treoninu v suine
zmesi skrmovanych v 1. BP dosahoval 0,88 a 0,55 %
(I. PS), 0,99 a 0,63 % (II. PS), 1,11 a 0,65 % (III. PS),
v 2.BP 0,93 a 0,58 % (1. PS), 0,99 a 0,63 % (IL. PS),
1,16 a 0,67 % (III. PS) a v 3. BP 0,93 2 0,71 % (1. PS),
1,00 a 0,74 % (II. PS) a 1,08 a 0,79 % (IIL. PS). Ako
vidiet z tab. 2, rozdiely medzi skupinami v mnoZstve
nestraveného dusika vyli¢eného vo vykaloch neboli
Statisticky vyznamné (P > 0,05) v Ziadnom z vykona-
nych BP. Tym moZno vysvetlit preukazné rozdiely v
mnoZstve striveného dusika medzi III. a I. PS (P <
0,01) ako aj medzi Il. a I. PS (P < 0,05) v 1. a 2. BP.
V 3. BP sa tieto rozdiely Statisticky nepotvrdili (P >
0,05), avsak rovnaka tendencia ostala zachovani. Roz-
diely medzi skupinami v mnoZstve dusika vyli¢eného
mocom v 1. BP sa $tatisticky nepotvrdili (P > 0,05), aj
ked zvieratd III. PS vykazovali vy$Siu rendlnu exkré-
ciu. V 2. a 3. BP v3ak zvierata III. PS v porovnani s L.
a II. PS vyladili mo¢om vyrazne vy$§ie mnoZstvo du-
sika, pri¢om rozdiely boli vysoko preukazné (P < 0,01).
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Tab. 2. Ukazovatele vyuZitia dusika zistené v jednotlivych bilanénych pokusoch — Indicators of nitrogen utilization in the separate metabolic trials

Obsah $
R Vyliceny N cal I | Retencia N
Bilancng | Pokusnd SUSINY | priiarg N4 vo |Strtveny n6|Yylaceny N Reteoeiay 20
1 i ™ v kfmnych ; 5 mocom %
pokus skupina RO (g) vykaloch (g) striveného
zmesiach ® (8 N (%)
(%) & g %
I % 88,21 42,10 6,46 35,64 14,12 21,52 IR 60,38
K +0,34 + 034 + 113 + 0,82 + 1,94 + 2,81
| 11 x 87,63 46,11 6,64 39.47 14,02 2545 55.20 64,47
K + 045 + 045 + 0,54 +0,99 +2,15 + 1,78
1L x 87.59 49,84 8,55 41,29 15,74 25,55 51,25 61,87
5 +243 +244 + 1,00 + 1,63 + 3,28 + 1,13
1155 hae -1+
Preukaznost rozdielov "
medzi skupinami'” = = 3 1=+ 5 -1 T 5
=11 -+
I x 88,55 49,02 9,20 39,82 16,39 23,43 47,79 58,84
s + 0,59 + 0,59 + 0,21 + 0,39 + 0,79 + 0,09
2 IL x 88.25 51,87 8.10 43,77 16,04 27,73 53.46 63,26
K . Fe) + 1,77 + 0,85 +2,57 + 4,96 +3,39
1. x 88,87 56,05 11,03 45,02 21,25 23,77 42,41 52,80
K + 1,94 + 1,94 + 1,63 +2,19 +391 + 3,68
1155 had -1+ =111 15011 0ad
Preukaznost rozdielov
medzi skupinami - - - n-rt -1t = 11" -1
-1 I-11" -1 -1+
I X 89,06 51,29 9,69 41,60 17,04 24,56 47.88 59.04
K} £ 153 +1,53 + 1,47 + 1,62 +:3,15 +3,16
3 I x: 88,98 53,37 10,90 42,47 18,08 24,39 45,69 57,18
0y +249 +2,49 + 1,69 + 4,15 +7.78 + 6,39
111 X 89.42 57,03 12,50 44,53 23,66 20,87 36.59 46,81
s + 2,076 + 2,076 + 0,58 + 1,69 +2.96 + 1,74
1155 hat -1+
Preukaznost rozdielov N
medzi skupinami = = = & - = = -
-1 -1+
: bolic trial, zr.xpc-' I group, "diemry dry matter content, ‘N uptake, N output in excrements, "digested N, Turine N output,
"N ion, ’N from digested N, "'signiﬁco.ncc of differences between the groups

MnozZstvo zadrzaného dusika u zvierat II. a III. PS
v 1. BP bolo velmi blizke (tab. 2) a rozdiely oproti
I. PS Statisticky vysoko preukazné (P < 0,01). Na drov-
ni obsahu dusikatych latok 18,27 % a lyzinu 0,99 %
v suSine zmesi (II. PS) dosiahlo percento retencie du-
sika z prijatého i straveného dusika najvys§iu hodnotu
(64,47 — tab. 2). Dal3im zvySenim obsahu N-litok a ly-
zinu (19,76 resp. 1,11 %) v suSine zmesi doslo uz
k zhor$eniu a poklesu tychto hodnét (retencia N z pri-
jatého N o 3,95 % a retencia N zo straveného N
0 2,60 %), pri¢om absolitne mnoZstvo zadrZzaného du-
sika ostalo prakticky rovnaké (tab. 2). Retencia 25,5 g
dusika predstavuje mnoZstvo uloZenych dusikatych la-
tok v tele oSipanych definovaného genotypu pri hmot-
nosti 44 kg na urovni 160 g. Prisun N-litok a lyzinu
danym typom diéty ¢inil u ofipanych II. PS 288,18,
resp. 15,61 g, kym pri oSipanych III. PS az 311,54,
resp. 17,50 g. Prokop (1997) a Simeek a Zeman
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(1998) konstatuju, Ze v si¢asnom obdobi existuji hyb-
ridy oSipanych schopné ukladat v tele i podstatne vys-
Sie mnozZstva N-latok, ako sme zistili v naSom pokuse.
V konkrétnych pokusoch na pouZitych genotypoch oSi-
panych zaznamenali Prokop (1995, 1996a, b), Prokop
et al. (1996) a Heger (1996) v niektorych pripadoch
vy§Sie, podobné, pripadne niZ§ie hodnoty v porovnani
s nami zistenym mnozstvom N-latok uloZenych v tele.
Stcasne vymedzuji moznosti genetického stropu ukla-
dania N-latok.

Retencia dusika zistena v 2. BP vykonanom pri vys-
Sej hmotnosti oSipanych (58 kg) vyznieva jednoznacne
v prospech II. PS (obsah N-latok a lyzinu v suSine
zmesi 18,37 % a 0,99 %), kedy bola dosiahnuta naj-
vys$Sia retencia dusika (27,7 g dusika zodpoveda pri-
blizne uloZeniu 173,3 g N-latok v tele), pri sucasne
najvysSom percente retencie dusika z prijatého i strave-
ného dusika. Denny prijem N-latok a lyzinu predstavo-
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val v tejto skupine 324,23, resp. 17,47 g. Pri skrmovani
zmesi s obsahom 19,71 % N-latok a 1,16 % lyzinu
v sugine (III. PS) klesla retencia dusika a vyznamne sa
v porovnani s II. PS zhorSilo vyuZitie dusika z prijaté-
ho (P < 0,05), ako aj zo straveného dusika (P < 0,01).
Percento retencie dusika z dusika prijatého pokleslo
o 11,05 a z dusika straveného o 10,46. Oproti I. a II. PS
sa preukazne zvysilo (P < 0,01) mnoZstvo dusika vyld-
&eného mofom. Rozdiel predstavoval 4,86, resp. 5,01 g
(tab. 2). MnoZstvo denne prijatych N-latok a lyzinu
v III. PS sa zvysilo na droveii 350,33, resp. 20,62 g.

V 3. BP vykonanom pri priemernej hmotnosti zvie-
rat 70 kg moZno ako najpriaznivejSie charakterizovat
vysledky dosiahnuté v I. PS. Této skupina bola kfmend
zmesou s najniZ§im obsahom N-litok a lyzinu (16,36 %
a 0,93 % v suSine). Prijem N-litok a lyzinu na oSipani
a deit dosahoval 320,54, resp. 18,22 g. Retencia dusika
v gramoch, percento retencie dusika z prijatého dusika
(oproti IL. a III. PS P > 0,05), ako aj percento retencie
dusika zo straveného dusika (oproti III. PS P < 0,05)
boli v tejto skupine najvysSie. V porovnani s III. PS
bola retencia dusika vyjadrena zo straveného dusika
vy§§ia 0 12,23 %. MnoZstvo zadrZzaného dusika 24,5 g
predstavovalo asi 153 g v tele uloZenych N-latok. So
zvySujicim sa obsahom N-latok (lyzinu) v zmesi sa
vyuzitie dusika zhorSovalo, a to zvl4st vyrazne v III. PS.
V porovnani s I. PS bola retencia dusika vyjadrena zo
stradveného dusika v tejto skupine niZ8ia o 12,23 %. Po-
uzitie takejto zmesi pri uvedenej hmotnosti daného
hybrida oSipanych sivisi nielen s nehospodarnym vy-
uzitim dusika, ale aj s financne naro¢nejSou kimnou
zmesou (vySSie zastipenie bielkovinového komponen-
tu) a najmé s podstatne vy$Sou rendlnou exkréciou du-
sika do prostredia, ¢o je zvlast vyznamné z hladiska
ekologického. Podobny trend vykazuje aj III. PS
v 1. BP, ale najma v 2. BP.

Na zéaklade hlbsej analyzy dusikovej zloZky
kfmnych zmesi chemickym rozborom na obsah celko-
vych N-latok, resp. lyzinu a treoninu moZno konstato-
vat, Ze zmes pouZita v ramci 1. BP (Z.h. 44 kg) v I. PS
pri porovnani s tdajmi autorov Sime&ek et al. (1994)
pre tsek vykrmu I (35-65 kg) nepokryvala poZiadavku
na obsah N-latok, v II. PS bol obsah N-latok na poZa-
dovanej trovni (max. 160 g/kg zmesi pri su$ine 88 %),
v III. PS tito poZiadavku o 8,7 % presahovala. Tento
trend moZno potvrdit aj v 2. BP vykonanom pri vy§iej
hmotnosti oSipanych (58 kg), ktord tieZ zapadé do hod-
noteného tseku vykrmu I. V 3. BP (priemerna hmot-
nost oSipanych 70 kg) obsah N-liatok v zmesi I. PS
zodpovedal podla citovanych autorov poZadovanej
drovni N-litok v zmesi (140 g/kg) pre usek vykrmu II
(65-120 kg), v IIL. PS vsak uz bol nasledkom vyssieho
zastipenia bielkovinového komponentu v zmesi (tab. 1)
0 13,9 % vyssi. Podla autorov Simeéek et al. (1995)
kimne zmesi vSetkych skupin pouZité v 1. a 2. BP ma-
ximélny obsah N-latok pre vykrmové o§ipané méisové-
ho typu nedosahuji a iba zmesi aplikované II. a najmi
III. PS v 3. BP sa obsahom N-latok pohybuji na trovni
doporuceného maxima.
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Pri hodnoteni obsahu lyzinu nase vysledky rozborov
zmesi pouzitych v 1. a 2. BP pre I. a II. PS vcelku
kore¥pondujii s uvddzanou poZziadavkou (Simegek et
al., 1994) 8,2 g lyzinu v kg zmesi pre dsek vykrmu
1(35-65 kg), okrem 1. PS v 1. BP, kde bol obsah lyzinu
0 6,1 % nizsi. V 3. BP (Z.h. 70 kg) obsah lyzinu dopo-
rudovani potrebu (6,8 g/kg zmesi) pre usek vykrmu II
(65-120 kg) uZ znacne prekrafoval (v relativnom vy-
jadreni podla skupin o 20,6-58,3 %). Rovnako tak
prekraoval zisteny obsah lyzinu v kimnej zmesi III. PS
poziadavku na jeho zastipenie v zmesi pre vietky
hmotnostné kategorie oSipanych podla bilan¢nych po-
kusov (v 1. BP0 19,5 %, v 2. BP 0 24,4 % a v 3. BP
0 39,7 %). Pokial by sme hodnotili obsah lyzinu v po-
kusnych zmesiach vo vztahu k poZiadavke pre misovy
typ oSipanych (Simedek et al., 1995), potom sa poZa-
dovana droveii v 1. a 2. BP (Z.h. 44 a 58 kg, t.j. vykrm
I — 35-65 kg) dosiahla iba v III. PS (obsah s6jového
extrahovaného Srotu v zmesi 14,5 %; tab. 1), zatial o
v 3. BP (Z.h. 70 kg) zmes 1. PS obsahom lyzinu poZia-
davke zodpovedala, v II. a najmi v III. PS ju prekraco-
vala (v III. PS aZ o 15,6 %). Pre univerzilny typ
kfmnej zmesi, ktora by sa podavala pocas celého obdo-
bia vykrmu oSipanych, sa poZiadavke na obsah lyzinu
podla autorov Behm et al. (1987) a Genci a Galik
(1974) najviac priblizuje zmes aplikovana v II. PS.

Obsah treoninu v zmesi pre I. PS pouZitej v 1. a 2. BP
trovefi, ktorti doporuduju Simeéek et al. (1994), nedo-
siahol (deficit 0 9,4 resp. 3,8 %), v II. PS bol na drovni
potreby, v III. PS uZ potrebu o 7,5, resp. 13,2 % pre-
kro¢il. V 3. BP vykonanom pri najvy$Sej hmotnosti
o§ipanych bola norma potreby zastipenia treoninu
v kfmnych zmesiach podla pokusnych skupin I aZ III
prekrocena o 40,9-56,8 %. Ak v8ak hodnotime v zme-
siach obsah treoninu doporuéovany autormi Sime&ek et
al. (1995) pre misovy typ oSipanych, potom v 1. a 2. BP
sa vo vSetkych skupinéch prejavil jeho nedostatok a iba
v 3. BP (vy$§ia hmotnost prasiat) bola potreba treoninu
plne pokrytd vo vSetkych skupinach, s najvac§im pre-
bytkom 30,2 % v III. PS. Pri hodnoteni vzdjomného
pomeru celkového lyzinu a treoninu dosahovala zmes
pouZitd pre I. PS v tomto ukazovateli podla bilanénych
pokusov hodnotu 1 : 0,62-0,75, pre II. PS 1 : 0,63-0,74
apre III. PS 1 : 0,58-0,73. Udaje, ktoré uvadzajii napr.
Van Lunen (1995) a Cole (1992), zapadaju do uvadza-
ného rozpitia, bliZ§ie v§ak k jeho spodnej hranici.

Pomer lyzinu ku kalkulovanému obsahu metabolizo-
vatelnej energie (12,8 MJ MEg/kg zmesi, pri obsahu
susiny 88 %) v g/MI sa pohyboval v zmesi skrmovane;j
I. PS v rozpiti 0,60-0,64, v II. PS 0,68-0,69 a v III. PS
0,74-0,80. Podla autorov Lindermayer et al. (1993) by
hodnota ukazovatela lyzin/MEg na drovni 0,60 g/MJ
(spodnd hranica v zmesi na$ej I. PS) zodpovedala po-
ziadavke pre usek vykrmu 60-80 kg. Hodnotu 0,65
udavaju citovani autori pre vykrmovy dsek 40-60 kg.
K tejto hodnote sa pribliZuje mnoZstvo lyzinu pripada-
jice na MJ ME( v kimnej zmesi skrmovanej II. PS.
Pre Gsek hmotnosti vykrmovych prasiat 20-40 kg uva-
dzaji Lindermayer et al. (1993) poziadavku 0,75 g ly-
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zinu na MJ ME( zmesi. N43 1. BP sme uskuto¢nili sice
pri hmotnosti o nieco vysSej (44 kg), ako je spodni
hranica uvedeného rozpitia, av§ak v kimnej zmesi po-
uzitej pre III. PS bola tito poZiadavka iba minimalne
prekrocena (0,77). Pri aplikécii tejto zmesi v 2. a 3. BP
ukazovatel mnoZstva lyzinu pripadajiceho na MJ MEg
podla hmotnosti prasiat uZ vyrazne presiahol doporu-
¢ovani hodnotu (v 3. BP o 0,14 g lyzinu, tj.
0 23,3 %). Podla autorov Sime&ek et al. (1994) je po-
#iadavkou na kfmnu zmes pre vykrm oSipanych I (35—
65 kg) 0,64 g lyzinu na MJ MEg. K tejto hodnote sa
v nafom pokuse najviac pribliZili I. a II. PS v prvych
dvoch BP (0,68), ako aj I. PS v 2. BP (0,64). Hodnoty
v zmesi skrmovanej III. PS v 1. a 2. BP boli vyrazne
vyssie (0,77 a 0,80). V 3. BP bola hodnota ukazovatela
lyzin/ME vzhladom na hmotnost oSipanych v porov-
nani s normou (0,54) prekrogend vo vietkych skupi-
néch, najvyraznejsie v IIL. PS (0,74). Uroveii ukazova-
tela lyzin/MEq poZadovani pre médsovy typ oSipanych
(Simecek et al., 1995) sme dosiahli v 1. a 2. BP (%.h.
44 kg, resp. 58 kg) iba v zmesi skrmovanej pre III. PS
(0,77, resp. 0,80 g/MJ). V 3. BP (Z.h. 70 kg) bol pri
1. PS hodnoteny ukazovatel na drovni poZiadavky, kym
v IL. a III. PS (0,69, resp. 0,74 g/MJ) poziadavku pre-
vySoval.
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USE OF RAPESEED MEAL AND PHOSPHOLIPIDS IN FEED
MIXTURES FOR TURKEY PRODUCTION

VYUZITI REPKOVEHO EXTRAHOVANEHO SROTU A FOSFOLIPIDU
VE SMESICH PRO VYKRM KRUT

P. Zobaél, I Kumprechtl, V. Prokopl, J. Cmolikz, W. Schwarz’

'Research Institute of Animal Nutrition, s.r.o., PohoFelice, Czech Republic
2SETUZA a.s., Usti nad Labem, Czech Republic

ABSTRACT: Partial replacement of soybean meal (SM) by rapeseed meal (RM) in complete feed mixtures KR2 and KR3
for turkey production was studied in a feeding comparative trial on 180 sexed male turkeys of BUT 9 hybrid. The effect of
an addition of 1% phospholipids as an energy supplement to RM was also investigated. Turkeys of all groups received feed
mixture KR1 from 1st to 28th day of age. Experimental variants were introduced after complete feed mixture KR2 for turkey
production started to be administered, in which SM was partly replaced by RM and/or RM fortified with 1% phospholipids
(RMP) produced by SETUZA a.s. company, Usti nad Labem. An experimental two-factor design with replications was used
under the formula A (3) x B (2) x (30) for body weight, A (3) x B (2) x (2) for feed consumption per 1 kg weight gain.
Average body weight of male turkeys was 3 479 g on day 56 and 12 064 g on day 98 of age. Body weight of male turkeys
was not influenced statistically significantly by the RM levels and phospholipids in any of the experimental periods, the
values were in the range of natural variability. Feed consumption per 1 kg weight gain in groups of male turkeys receiving
mixtures KR2 with 8.8% RM (a;) and 17.6% RM (a,) was higher in comparison with control group (ag) by 4.53% (statistically
insignificantly) and by 7.67% (at a significance level), respectively. Average consumption of feed with 1% phospholipids
(b)) per I kg weight gain was lower by 1.63% in that period than in control (by). The difference was not statistically
significant. Feed consumption per | kg weight gain of male turkeys receiving feed mixtures KR3 with 8.8% RM (a;) and
17.6% RM (a,) was higher by 2.23% and 5.28%, respectively, than in control (aj). The difference between the groups was
not statistically significant. On the contrary, average feed consumption per 1 kg weight gain was insignificantly reduced by
4.42% by a supplement of 1% phospholipids added to mixtures KR3 (b,). The level of 8.8% RM (a,) in feed mixtures for
male turkeys insignificantly increased feed consumption per 1 kg weight gain by 2.08% while the level of 17.6% RM (a,)
resulted in an increase by 4.90%. The effect of 1% phospholipid supplement (b;) to feed mixtures for turkey production was
reflected in a 4.17% decrease in average feed consumption per 1 kg weight gain. On average higher feed consumption in kg
per 1 kg weight gain after application of two RM levels was reduced by 1% phospholipid fortification. The values of dressing
percentage of male turkeys at 98 days of age were not influenced by experimental variants and were in the range of natural
variability.

Keywords: male turkeys; rapeseed meal; phospholipids; body weight; feed consumption per 1 kg weight gain; dressing
percentage

ABSTRAKT: V rozsihlém krmném srovndvacim pokusu se sexovanymi krocany hybrida BUT 9 byla stanovena moZnost
&astetné ndhrady séjového extrahovaného Srotu (SES) fepkovym extrahovanym $rotem (RES) v kompletnich krmnych smé-
sich pro vykrm kriit KR2 a KR3. Déle byl sledovén d&inek piidavku 1 % fosfolipiddi jako energetického doplitku RES.
Krocani byli od 1. dne véku umisténi ve 12 voliéraich VUVZ Pohofelice po 15 kusech. Od 1. do 28. dne véku pfijimali krocani
viech skupin jednotnou komplexni krmnou smés KR1. Vlastni pokusné zdsahy byly provedeny aZ pti pfechodu na kompletni
krmnou sm& KR2 pro vykrm kriit, ve které byl SES &4stedn& nahrazen RES a fepkovym extrahovanym 3rotem fortifikovanym
1 % fosfolipidii (RESF), které byly doddny firmou SETUZA, a. s., Usti nad Labem. Pokus byl koncipovan jako dvoufakto-
ridlni s opakovédnim podle vzorce A (3) x B (2) x (30) pro sledovani hmotnosti krocani, A (3) x B (2) x (2) pro sledoviéni
spotfeby smési na 1 kg pfiriistku: agbgy — séjovy premix 21 %, RES 0 %; a;b, — s6jovy premix 12,3 %, RES 8,8 %; a,by —
sojovy premix 3,5 %, RES 17,6 %; agb, — s6jovy premix 21 %, RESF 0 %; a;b, — s6jovy premix 12,3 %, RESF 8,8 %; a,b, —
s6jovy premix 3,5 %, RESF 17,6 %. Prim&rn4 hmotnost krocanti (tab. 4) v 28. dni véku byla 1 039 g, v 56. dni 3 479 g
a v 98. dni v&ku 12 064 g. PouZité hladiny RES a fosfolipidd statisticky vyznamn& neovlivnily hmotnost krocanti v #4dném
ze sledovanych obdobich a dosaZené hodnoty se pohybovaly v mezich pfirozené variability. Rovn&Z aplikace dvou hladin
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RES a RESF (tab. 5) neovlivnily hmotnost krocani jak v 56., tak i 98 dni véku. Primé&rnd spotieba (tab. 6) smési v 28. dni
véku byla 1,630 kg na 1 kg pfiristku. Primérna spotfeba smési na 1 kg pfirlistku KR2 v obdobi vykrmu krocant (29.-56.
den) &inila 2,252 kg. Skupiny krocanii krmenych sm&mi KR2 s 8,8 % RES (a;) mély statisticky neprikazné o 4,53 %
as 17,6 % RES (ay) 0 7,67 % na hranici statistické pritkaznosti vy33i spotfebu smési oproti skupiné kontrolni (aj). Primérnd
spotfeba smési s 1 % fosfolipidi (b;) byla v tomto obdobi o 1,63 % niZsi oproti kontrole (by). Rozdil nebyl statisticky
vyznamny. Primérné spotfeba smési KR3 na | kg pfiristku byla 2,854 kg. Krocani krmeni sm&mi KR3 s 8,8 % RES (a,)
méli primérné o 2,22 % a krocani krmeni sm&smi KR3 s 17,6 % RES (a,) 0 5,28 % vy§3i spotfebu smési oproti kontrole
(ag). Rozdil mezi skupinami nebyl statisticky vyznamny. Aplikace 1 % fosfolipidi do smési KR3 (b;) naopak sniZila nepri-
kazn& primérnou spotfebu smési na 1 kg pfirlstku o 4,42 %. Celkovi spotieba smési na | kg pfiristku v 1. aZ 98. dni vykrmu
&inila 2,798 kg. Aplikaci 8,8 % RES (a;) do krmnych smési pro krocany se nepritkazn& zvy$ila spotfeba smési na 1 kg
pfirtistku 0 2,08 % a aplikaci 17,6 % RES (ay) 0 4,90 %. Utinek pridavku 1 % fosfolipidi (b,) se projevil sniZenim primérné
spotfeby smési na 1 kg pfirtstku o 4,17 %. Prim&rné vy$3i spotfeba smési na 1 kg pfiristku, zpiisobend aplikaci RES, byla
sniZena fortifikaci té&chto smési 1 % fosfolipida (tab. 7). Praimérna hodnota jate¢ni vytéZnosti krocant (tab. 8) ve véku 98 dni
byla 82,61 %. DosaZené hodnoty nebyly ovlivnény sledovanymi pokusnymi zdsahy a pohybovaly se v mezich pfirozené

variability.

Kliov4 slova: krocani; fepkovy extrahovany $rot; fosfolipidy; hmotnost; spotfeba smési; jate&ni vyt€Znost

INTRODUCTION

Rapeseed meals and phospholipids as waste prod-
ucts of oil production are currently used as sources of
proteins for complete feed mixtures for monogastric
animals. The nutritive value of rapeseed meals is in the
range 75 to 80% of that of similar soya feeds, but the
cost of the former feed is at the level of 55-65% of that
of soybean meals.

The use of rapeseed meals in diets for monogastric
animals brought about controversial results in the past
showing depressive effects of higher levels of this die-
tary ingredient on growth and feed conversion. This
negative effect is explained by the content of glucosi-
nolates, and particularly of erucic acid, present in rape-
seed. The bulk of erucic acid is a part of produced oil,
but glucosinolates are left in rapeseed meal. Breeders
task is to reduce contents of glucosinolates and erucic
acid. Varieties with reduced contents of glucosinolates
or glucosinolates and erucic acid are used at present,
and varieties with a lower fiber content have also been
produced. Positive results of rapeseed feed use were
reported in poultry broilers by Lessire et al. (1993),
Daenicke et al. (1994), Schone et al. (1993), Schloffel
et al. (1993), in turkeys by Bouvarel and Van-der-Horst
(1994).

The use of rape cake for broiler chick feeding was
recently studied by Has&ik er al. (1994), Kadlec et al.
(1994), Vymola et al. (1996) and Zobac et al. (1998).

Soukupova et al. (1995) used 00 rapeseed meal at
amounts of 7, 10 and 15% in feed mixtures for broiler
turkeys in relation to the feeding stage. A decrease in
the content of soybean meal, replacement of maize by
wheat and use of 00 rapeseed and peas in feed mixtures
resulted in a body weight reduction and in an increase
in abdominal fat content in carcass. Vymola et al.
(1996) studied the effect of rape cake used as a replace-
ment for dietary soybean meal on the performance of
heavy turkeys fed to the 98th day of age. The rape use
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was found as economically advantageous and did not
cause any significant depression of turkey growth and
feed conversion up to the glucosinolate level of 4 mmol/kg.

The use of phospholipids in form of lecithin slops is
very problematic because their content in rapeseed
meals is at the level of 1-2%. Pure lecithin is a positive
dietary factor but lecithin slops can contain compounds
with negative impacts on animal growth.

The objective of the paper was to define to what
extent soybean meal can be replaced by rapeseed meal
in complete feed mixtures KR2 and KR3 for turkey
production, and to determine the efficiency of phos-
pholipids as an energy supplement to rapeseed meal.

MATERIAL AND METHODS

To achieve the above objective, a feeding compara-
tive trial was carried out on sexed male turkeys of hy-
brid BUT 9 which were supplied by Xaverov a.s. com-
pany, Breeding Station at Vlko$. Male turkeys were
kept in aviaries of the RIAN at Pohotelice by 15 indi-
viduals. A total of 180 one-day male turkeys divided
into 12 aviaries were included in the trial. Turkeys of
all groups received single complete feed mixture KR1
from day 1 to day 28 of age, its formulation is shown
in Table 1. Experimental variants were introduced from
the moment of transition to complete feed mixture KR2
for turkey production, in which soybean meal (SM)
was partially replaced by rapeseed meal (RM) and
rapeseed meal fortified with phospholipids (RMP)
which were supplied by SETUZA a.s. company. In ac-
cordance with PN-141483 rapeseed meal contains 1%
content of phospholipids in stable form. Phospholipids
from the process of rapeseed oil superdegumming are
directly applied to RM during the extraction process.
Water is evaporated in a toaster at 120 °C within 20
minutes.
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Composition of RM and phospholipids from
SETUZA a.s., Usti nad Labem:

Rapeseed meal (g/kg)  Phospholipids (g/kg)
Dry matter 885.9 Water content 489.0
Proteins 329.0  Fat content 494.5
Fat 20.9 Impurity content 16.5
Fiber 1163 ':fgii‘(‘)“]_';‘/g" 3160
Ash 66.5 P content g/kg fat 13.40
Nitrogen-free extract 353.2
Organic matter 819.4
Erucic acid 1.4
Glucosinolates pmol/g  21.00

In order to compare the effect of an SM aliquot
containing a higher proportion of proteins than RM,
a soya premix was formulated: 71% SM, 18% wheat
starch, 10% wheat coarse meal, 1% cellulose. The nu-
tritive value of this premix with respect to the content
of basic nutrients was comparable with the nutritive
value of RM. 1% of the premix equaled 0.72% SM.

The feeding comparative trial had a two-factor de-
sign with replications according to formulas A (3) x B
(2) x (30) for turkey body weight in g, A (3) x B (2) x
(2) for feed consumption per 1 kg weight.
agby — soya premix 21%, RM 0%

a by — soya premix 12.3%, RM 8.8%

Table 1. Formulation and nutrient contents of feed mixtures KR

Ingredient Percentage content
Fish meal 9
Meat-bone meal 6
Yeast 3
Soybean meal 32
Corn 40
Wheat 6

U Biovitan KR-Start-Super 1

2 Mineral feeding supplement DV 3
Total 100
Dry matter glkg 890.03
Crude protein glkg 290.07
Crude fat g/kg 37.0
Crude fiber kg 337
Ash g/kg 90.1
Nitrogen-free extract glkg 438.1
ME in Ml/kg 11.43

" Biovitan KR-Start-Super (Biofaktory Praha, s.r.0.) contains: vita-
min A 1 500 000 I.U., vitamin D4 400 000 LU., vitamin E 5 000 mg,
vitamin K, 250 mg, vitamin B; 300 mg, vitamin B, 800 mg, vitamin
B 700 mg, vitamin B, 3 mg, niacin 7 000 mg, calcium pantothenate
2 500 mg, biotin 30 mg, folic acid 250 mg, cholin 40 000 mg,
DL-methionin 180 000 mg, L-lysin HCI 200 000 mg

2y kg of mineral feeding supplement DV contains: Ca 265 g, P 72 g,
Na 15,2 g, NaCl 40 g, Cu 420 mg, Fe 3 370 mg, Zn 2 400 mg, Mn
2 740 mg, Co 3,6 mg, J 13,5 mg, Se 5,3 mg
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a;bg — soya premix 3.5%, RM 17.6%
apb — soya premix 21%, RMP 0%
a;b; — soya premix 12.3%, RMP 8.8%
a,b; — soya premix 3.5%, RMP 17.6%

A consideration that the mixtures contained 25%
SM was applied when basic feed mixtures KR2 and
KR3 for turkey production were formulated. The level
of 10% SM was maintained in all mixtures. The nutri-
tive value of 15% SM corresponded to the level of
21.1% soya premix. Formulations of complete feed
mixtures KR2 and KR3 for turkey production are given
in Table 2 and Table 3, respectively. Mixtures KR2
were used between days 29 and 56 of age, KR3 be-
tween days 57 and 98 of age. Male turkeys had a free
choice of feed mixtures and water. Air temperature and
atmospheric humidity were regulated in accordance
with standards for pre-starting and feeding periods.

Body weights™f turkeys were determined by weigh-
ing all individuals on days 1, 28, 56 and 98 of age.
Continuous records of feed consumption in the aviaries
were kept. Check slaughters following stunning were
made at the end of the trial to determine consumer
dressing percentage. A total of 24 turkeys were killed.
Consumer dressing percentage (CDP) was determined
by the’equation:

Body weight — Blood weight (W) —
— Feather W — Head W — Gizzard W —
_ —Full intestine W — Crop W — Shank W

Body weight

CDP 100

Feed mixtures were analyzed in accordance with
Procedures for Laboratory Feed Testing (1996). The
results were evaluated by two-factor analysis of va-
riance (Snedecor and Cochran, 1969).

RESULTS

Table 4 shows body weight of male turkeys receiv-
ing feed mixtures KR2 and KR3 with two levels of RM
and RMP, Table 5 documents the relation of male tur-
key weight to the effect of two RM and RMP levels.
Average weight of male turkeys at 28 days of age was
1 039 g and in the range of natural variability, male
turkey weight at 56 days of age amounted to 3 497 g
and at 98 days of age to 12 064 g. The body weight of
turkeys was not statistically significantly influenced by
the used RM and phospholipid levels in any of the
experimental periods and the values were in the range
of natural variability. Neither did the two RM and RMP
levels influence the weight of male turkeys at 56 and
98 days of age (Table 5).

Table 6 shows feed consumption in kg per 1 kg
weight gain in relation to the two RM and RMP levels.
Average consumption of feed mixtures KR1 at 28 days
of age was 1.630 kg per 1 kg weight gain. Average
consumption of feed mixtures KR2 in the period of
male turkey feeding between days 29 and 56 amounted
to 2.251 kg. Feed consumption of the groups of male
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Table 2. Formulation and nutrient contents of feed mixtures KR2

Diet
Ingredient by aiby aby by a,b; l b,
percentage content

Fish meal 3 3 3 3 3 3
Meat-bone meal 6 6 6 6 6 6
Yeast 2 2 2 2 2 2
Soybean meal 10 10 10 10 10 10
Soybean premix 21.1 123 35 21.1 123 3.5
Rapeseed meal - 8.8 17.6 - - -
Rapeseed meal with 1%

Phospholipids - - - - 88 17.6
Maize meal 50 50 50 50 50 50
Wheat 3.9 39 39 39 39 39
! Biovitan KR1-Super 1 1 1 1 1 1
2) Mineral feeding supplement DV 3 3 3 3 3 3
Total 100 100 100 100 100 100
Phospholipids g/100 kg - - - 176 - -
Dry matter g/kg 888.9 889.5 890.0 889.1 889.6 890.2
Crude proteins g/kg 228.0 228.0 228.0 2274 227.7 2274
Crude fat glkg 344 349 354 36.1 357 37.0
Crude fiber g/kg 334 383 43.1 333 38.2 429
Ash kg 76.2 783 80.4 76.2 783 80.3
Nitrogen-free extract g/kg 516.9 510.0 503.1 516.1 509.7 502.6
ME in MJ/kg 11.82 11.48 11.09 11.91 11.54 11.21

" Biovitan KR 1-Super contains: vitamin A 1 200 000 LU., vitamin D5 350 000 I.U., vitamin E 4 000 mg, vitamin K3 250 mg, vitamin B,
300 mg, vitamin B, 800 mg, vitamin B 400 mg, vitamin B, 3 mg, niacin 5 000 mg, calcium pantothenate 2 000 mg, biotin 30 mg, folic
acid 150 mg, cholin 40 000 mg, DL-methionin 140 000 mg, L-lysin HCI 200 000 mg

2 kg of mineral feeding supplement DV contains: see Table |

g %

total feed consumption in kg/1kg weight gain
N
’ -3
(5]

"

Fig. 1. The effect of two RM and
RMP levels on total feed consump-
tion

- RM
—a&—RMP
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Table 3. Formulation and nutrient contents of feed mixtures KR3

Diet

Ingredient by ] a,by by b, a;b, b,

percentage content
Meat-bone meal 8 8 8 8 8 8
Yeast 1 1 | | | 1
Soybean meal 10 10 10 10 10 10
Soybean premix 21.1 12.3 35 21.1 12.3 35
Rapeseed meal - 8.8 17.6 - - -
Rapeseed meal with 1%
Phospholipids - - - - 8.8 17.6
Maize meal 52 52 52 52 52 52
Wheat 39 39 39 3.9 39 3.9
1) Biovitan KR2-Super 1 1 1 1 1 1
2) Mineral feeding supplement DV 3 3 3 3 3 3
Total 100 100 100 100 100 100
Phospholipids g/100 kg - - - 176 - -
Dry matter g/kg 888.9 889.5 890.0 889.1 889.5 890.2
Crude protein glkg 215.7 215.7 215.7 215.1 215.4 215.1
Crude fat g/kg 344 348 353 36.0 35.6 36.9
Crude fiber g/kg 34.1 39.0 438 34.0 389 43.6
Ash g/kg 76.7 78.8 80.8 76.6 78.7 80.8
Nitrogen-free extract g/kg 528.0 521.2 5144 527.4 520.9 513.8
ME in MJ/kg 11.86 11.47 11.08 11.89 11.53 11.20

" Biovitan KR2-Super contains: vitamin A 1 200 000 LU., vitamin D5 350 000 L.U., vitamin E 2 500 mg, vitamin K; 200 mg, vitamin B,
200 mg, vitamin B, 600 mg, vitamin B, 400 mg, vitamin B, 2 mg, niacin 3 000 mg, calcium pantothenate 2 000 mg. biotin 15 mg, folic
acid 150 mg, cholin 40 000 mg, DL-methionin 140 000 mg, L-lysin HCI 200 000 mg

Bl kg of mineral feeding supplement DV contains: see Table |

Table 4. The effect of different levels of RM and fortification with 1% phospholipids on male turkeys weight

Daramsisr tinit Rapeseed meal Phospholipids
) k| L) by b,

n 55 55 54 83 81
Weight on day | g 64 65 64 64 65
Weight on day 28 g 1029 1022 1 066 1039 1039
S.D. g + 125 + 130 + 107 + 123 + 122
Index % 100.00 99.32 103.60 100.00 100.00
Weight on day 56 g 3549 3360 3527 3453 3504
S.D. g + 499 + 596 + 501 + 524 + 553
Index % 100.00 94.67 99.38 100.00 101.48
Weight on day 98 g 12 258 11 706 12 228 12 012 12 116
S.D. g + 1625 + 1822 + 1795 + 1 696 + 1 827
Index Yo 100.00 95.50 99.76 100.00 100.87

Legend: a, - control

a; - 8.8% rapeseed meal in the mixtures KR2 and KR3
2, — 17.6% rapeseed meal in the mixtures KR2 and KR3
b, - mixtures without phospholipids

b, - mixtures with 1% phospholipids in the rapeseed meal
S.D. - standard deviation
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Table 5. The effect of interaction of different levels of RM and fortification with 1% phospholipids on male turkey weight

- Unit Interactions A x B

agby a,by by b, a;b, b,
n 28 28 27 27 27 27
Weight on day 1 g 64 64 64 64 66 65
Weight on day 28 g 1032 1028 1 056 1 026 1015 1076
Index %o 100.00 99.61 102.33 99.42 98.35 104.26
Weight on day 56 g 3522 3329 3509 3576 3391 3 544
Index 1 % 100.00 94.52 99.63 101.53 96.28 100.62
Index I1 % 100.00 94.52 99.63 100.00 94,83 99.11
Weight on day 98 g 12 194 11 670 12 171 12 322 11 743 12 283
Index | % 100.00 95.70 99.81 101.05 96.30 100.73
Index 11 Yo 100.00 95.70 99.81 100.00 95.30 99.68

Legend: see Table 4

Table 6. The effect of different levels of RM and fortification with 1% phospholipids on feed consumption in kg per | kg weight gain of

male turkeys
Barametes Unit Rapeseed meal Phospholipids
4 4 ) by b,

Group number 4 4 4 6 6
KR! mixture consumption from day | to day 28 kg/kg 1.664 1.622 1.603 1.633 1.627
S.D. kg/kg +0.039 + 0.041 +0.019 + 0.052 + 0.032
Index %o 100.00 97.48 96.33 100.00 99.63
KR2 mixture consumption from day 29 to day 56 kg/kg 2.163 2.261 2.329 2.270 2.233
S.D. kg/kg +0.138 + 0.065 +0.149 +0.161 +0.108
Index % 100.00 104.53 107.67 100.00 98.37
KR3 mixture consumption from day 57 to day 98 kg/kg 2.784 2.846 2.931 2918 2.789
S.D. kg/kg +0.141 +0.173 +0.200 +0.143 +0.179
Index % 100.00 102.22 105.28 100.00 95.58
Total feed consumption from day | to day 56 keg/kg 2.080 2.150 2.200 2.156 2.131
S.D. kg/kg +0.118 + 0.057 +0.115 +0.127 +0.088
Index o 100.00 103.37 105.77 100.00 98.84
Total feed consumption from day 1 to day 98 kg/kg 2.734 2.791 2.868 2.857 2738
S.D. kg/kg +0.137 +0.162 +0.186 +0.134 +0.169
Index o 100.00 102.08 104.90 100.00 95.83

Legend: see Table 4

turkeys receiving mixtures KR2 with 8.8% RM (a;)
was statistically insignificantly higher by 4.53% than
in the control group (ap), and of those with 17.6% RM
(ap) higher by 7.67% at the significance level against
the control (aj). Average consumption of mixtures with
1% phospholipids (b;) was lower by 1.63% than in the
control (bp) in that period. The difference was not sta-
tistically significant. Average consumption of mixtures
KR3 per 1 kg weight gain was 2.854 kg. Average feed
consumption of male turkeys receiving mixtures KR3
with 8.8% RM (a;) and 17.6% RM (a,) was higher by
2.23% and 5.28%, respectively, than in the control (ap).
The difference between the groups was not statistically
significant. On the contrary, the application of 1%
phospholipids to mixtures KR3 (b;) reduced average

124

feed consumption per 1 kg weight gain insignificantly
by 4.42%.Total feed consumption in kg per 1 kg weight
gain was about 2.798 kg in the feeding period between
days | and 98 of age. The application of 8.8% RM (a,)
to feed mixtures for male turkeys insignificantly in-
creased feed consumption per | kg weight gain by 2.08%
while 17.6% RM (a,) increased this parameter by 4.90%.
The effect of 1% phospholipids (b)) in feed mixtures for
turkey production was reflected by a decrease in average
feed consumption per 1 kg weight gain by 4.17%. On
average higher feed consumption in kg per 1 kg weight
gain resulting from RM application was reduced by for-
tification with 1% phospholipids (Table 7).

Table 8 shows data on dressing percentage when
feed mixtures with two levels of RM and RMP were
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Table 7. The effect of interaction of different levels of RM and fortification with 1% phospholipid

weight gain of male turkeys

on feed

ption in kg per 1 kg

Pl & it Interactions A x B
agby a,by by b, ajby b,
Group number 2 2 2 2 2 2
KR mixture consumption from day | to day 28 kg/kg 1.691 1.599 1.608 1.637 1.646 1.599
Index % 100.00 94.56 95.09 96.81 97.34 94.56
KR2 mixture consumption from day 29 to day 56 kg/kg 2.151 2.282 2.376 2.175 2.240 2.283
Index 1 %o 100.00 106.09 110.46 101.12 104.14 106.14
Index IT % 100.00 106.09 110.46 100.00 102.99 104.97
KR3 mixture consumption from day 57 to day 98 kg/kg 2.806 2.907 3.043 2.763 2.786 2.818
Index I % 100.00 103.60 108.45 98.47 99.29 100.43
Index I1 P 100.00 103.60 108.45 100.00 100.83 101.99
Total feed consumption from day | to day 56 kg/kg 2.071 2.161 2.236 2.089 2.139 2.165
Index I % 100.00 104.35 107.97 100.87 103.28 104.54
Index 11 ! o 100.00 104.35 107.97 100.00 102.39 103.64
Total feed consumption from day 1 to day 98 kgrkg 2753 2.847 2971 2715 2.736 2.764
Index [ Yo 100.00 103.41 107.92 98.62 99.38 100.40
Index 11 Fo 100.00 103.41 107.92 100.00 100.77 101.80
Legend: see Table 4
Table 8. The effect of different levels of RM and fortification with 1% phospholipids on dressing percentage in male turkeys
e Unit Rapeseed meal Phospholipids
) 3 4 by b,

Number of determinations 8 8 8 12 12

Dressing percentage % 82.18 82.52 83.11 8227 82.94

S.D. % +1.291 +1.976 +1.222 + 1.886 + 1.006

Index % 100.00 100.41 101.13 100.00 100.81

Legend: see Table 4

Table 9. The effect of interaction of different levels of RM and fortification with 1% phospholipids on dressing percentage in male turkeys

5 Interactions A x B
Parameter Unit
a,by a;b, a,by, agb, ab, a,b,
Number of determinations 4 4 4 4 4 4
Dressing percentage P 81.64 81.54 83.63 82.73 83.50 82.60
Index I % 100.00 99.88 102.44 101.34 102.28 101.18
Index 11 Jo 100.00 99.88 102.44 100.00 100.93 99.84

Legend: see Table 4

used, Table 9 documents the effect of RM x RMP in-
teractions. The average value of dressing percentage of
male turkeys at 98 days of age was about 82.6%. The
values were not influenced by the experimental variants
and were in the range of natural variability.

DISCUSSION

As indicated by the results, the body weight of male
turkeys was not influenced by the levels of 8.8% and
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17.6% RM and RMP as SM aliquots during the whole
production period. This finding is in agreement with
conclusions drawn Vymola (1996). The negative effect
of RM application to feed mixtures KR2 and KR3 was
reflected by increased feed consumption per 1 kg
weight gain. This result can be explained by the lower
energy value of RM than in SM. The result is also
confirmed by the effect of 1% phospholipids in RM.,
partly eliminating this negative impact (Fig. 1). Our
experimental results imply new aspects of rapeseed
meal and phospholipid use in diets for turkeys, and it
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is not possible to confront them with any results in
available literature for the time being.

The experimental results and economic indicators
(the cost of soybean meal and the cost of rapeseed meal
fortified with 1% phospholipids) suggest that RMP could
be used in feed mixtures KR2 and KR3 as a replace-
ment of 6.34% SM on condition that the initial SM
level in mixtures KR2 and KR3 was 25%.
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INFLUENCE OF THREE TYPES OF OIL IN DIET UPON
SOME BLOOD AND CONDITION INDICES OF RAINBOW
TROUT, ONCORHYNCHUS MYKISS (WALBAUM)

VLIV TRI TYPU OLEJU V DIETE NA NEKTERE KREVNI A KONDICNI
UKAZATELE U PSTRUHA DUHOVEHO, ONCORHYNCHUS MYKISS
(WALBAUM)

J. Rehulka', J. Pérova®

! University of South Bohemia Ceské Budéjovice, Research Institute of Fish Culture and
Hydrobiology Vodriany, Department of Aquatic Toxicology and Fish Diseases, Laboratory
Opava, Czech Republic

2 Research Institute of Animal Nutrition, s.r.o., Pohorelice, Czech Republic

ABSTRACT: After 138 days of administration, rainbow trout, Oncorhynchus mykiss (Walbaum) at a weight of 234 +20.7 g
(mean * S.D.) was assessed for the biochemical response of some metabolites in the plasma and some condition parameters
to a 4% supplement of fish oil (experimental group 1), rape-seed oil (experimental group 2) and sunflower-seed oil (experi-
mental group 3), added to the basic diet containing 37.47 to 38.20% of its weight as crude protein and 10.7 to 12% as crude
fat. The groups serving for comparison included an experimental group of fish fed German pellets with a 43.15% proportion
of crude protein and a 13.35% proportion of crude fat (no. 4) and an experimental group of fish fed Danish pellets with
a 38.3% proportion of crude protein and an 18.49% proportion of crude fat (no. 5). From the viewpoint of nitrogen metabo-
lism, the significantly highest (P = 0.01) urea level (BUN) was recorded in experimental group 1 (0.7 mmol.L™"). Also
recorded in experimental group 1 was the highest concentration of inorganic phosphate (P) (6.10 mmol.L™") which highly
significantly (P = 0.01) exceeded the phosphorus level in experimental group 3 (5.41 mmol.L™"). The highest level of calcium
(Ca*) was observed in experimental group 2 (2.96 mmol.L™"). The concentration of the potassium cation (K*) ranged between
0.4 and 0.8 mmol.L™" in the experimental groups and was highly significantly (P = 0.01) lower in the fish given diet no.5
(2.3 mmolL™"). In experimental groups 1, 2 and 3, total proteinemia was lower than in the fish given diet no. 4 (35.9 to 39.4
vs 42.4 g.L”") and higher than in the fish given diet no. 5 (33.6 g.L™"). The higher levels of urea in experimental groups 1,
2 and 3 signaled a significantly higher degree of protein metabolism, compared to experimental group 4 (0.4 mmol) and, in
particular, compared to experimental group 5 (0.3 mmol.L™"). The liver somatic index (LSI) was highest in the fish given
a supplement of fish oil and sunflower oil (1.39 and 1.4, respectively) and lowest in the experimental group of fish given
a rape-seed oil supplement (1.23). Generally, the highest LSI was obtained in the fish to which diet no. 4 was administered
(1.44%). The sensitive response of the rainbow trout to the feed composition indicates how important it is to perform
biochemical examinations as part of the general approach to the assessment of feeding trials aimed at maintaining and
regulating an optimum internal environment inside the fish body.

Keywords: rainbow trout; feeding experiment; additions of oils; biochemical indices of the blood plasma; liver somatic index

ABSTRAKT: U pstruha duhového, Oncorhynchus mykiss (Walbaum) o hmotnosti 234 + 20,7 g (pramér * smérodatnd
odchylka) byla po 138 dnech vyhodnocena biochemicka odezva nékterych plazmatickych metabolitii a kondi¢nich ukazateli
na 4% pfidavek rybiho (pokusnd skupina &. 1), fepkového (pokusnd skupina &. 2) a sluneénicového oleje (pokusnd skupina
¢. 3) do zdkladni diety s obsahem 37,47 az 38,20 % dusikatych latek a 10,7 aZ 12 % tuku. Jako srovnavaci slouZily pokusna
skupina ryb krmena granulemi némecké provenience se 43,15% N-latek a 13,35 % tuku (&. 4) a pokusna skupina ryb krmend
granulemi dédnské provenience se 38,3 % N-litek a 18,49 % tuku (&. 5). Z hlediska dusikového metabolismu byla zji§téna signi-
fikantn& (P = 0.01) nejvy3si hladina mocoviny (BUN) u 1. pokusné skupiny (0,7 mmol.I™"). Nejvyssi koncentrace anorga-
nického fosfitu (P) byla rovnéz u 1. pokusné skupiny (6,10 mmol.I™"), kterd vysoce signifikantng (P = 0,01) pievySovala
hladinu tohoto mineralu u 3. pokusné skupiny (5.41 mmol.I™"). Nejvyssi hladinu kalcia (Ca*?) jsme zaznamenali u 2. pokusné

Presented results were obtained during tenure of research grant No. 6556 awarded by the National Agency for Agricultural Research of the
Ministry of Agriculture of the Czech Republic in 1996-1998.
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skupiny (2,96 mmol.l"). Koncentrace draselného kationtu (K*) kolisala u experimentdlnich skupin od 0,4 do 0,8 mmol.1™!
a byla enormné signifikantn& (P = 0,01) niZi u ryb krmenych dietou & 5 (2,3 mmol.I""). U pokusnych skupin 1, 2 a 3 byla
zjisténa niZ§i celkova proteinémie neZ u ryb krmenych dietou &. 4 (35,9 aZ 39,4 vs 42,4 g.l’l) a vy38i celkovd proteinémie
oproti rybdm krmenym dietou &. 5 (33,6 g.l'l) Vy38i hladiny mocoviny u pokusnych skupin 1, 2 a 3 signalizovaly signifi-
kantné vy33i stupefi metabolismu dusikatych latek oproti pokusné skupiné 4 (0,4 mmol.I™") a zejména oproti pokusné skupiné
503 mmol.l"). Hepatosomaticky index (LSI) byl nejvy3si u ryb krmenych pfidavkem rybiho oleje a slune&nicového oleje
(1,39 a 1,4 %) a nejniZ§i u pokusné skupiny s pfidavkem fepkového oleje (1,23 %). Nevyssi LSI viubec byl zjistén u ryb
krmenych dietou &. 4 (1,44 %). Citliva reakce pstruha duhového na sloZeni poddvaného krmiva ukdzala na vyznam bioche-
mického vysetfeni jako soucasti komplexniho pfistupu pfi hodnoceni krmnych pokusii v zajmu udrZovani a regulace vnitiniho

prostfedi organismu v optimu.

Klicova slova: pstruh duhovy; krmny pokus; pfidavky oleji; biochemické ukazatele krevni plazmy; hepatosomaticky index

INTRODUCTION

The advanced trends of optimization of rainbow
trout feed formulae include targeted efforts for an op-
timum energy balance of the feeds, using the latest
findings relating to the use of fat as a source of me-
tabolized energy, while reducing the proportion of pro-
tein. This was tested by Austreng (1976a, b) in trials
with an increased content of fat in the pellets (16%
instead of 8%) and later also by Gropp et al. (1982),
who proved that 5% of protein can be replaced by
a supplement of the same quantity of fat without affect-
ing the growth of the fish and the feed conversion rate.
This finding encouraged many authors to formulate
feeds lower in crude protein (below 40%) than recom-
mended by other authors (Satia, 1974; Delong et al.,
1958; Steffens, 1970a, b, 1989).

Under Czech conditions, a higher content of fat (10—
12%) in the granulated feed for rainbow trout was first
tested by Pokorny (1982), who examined experimental
diets containing poultry meal and poultry fat. Later trials
performed by Dvorak (1989) with food lecithin further
developed the good experience of Russian researchers
who had examined phosphatides (Privolnev et al.,
1964, 1969; Shabalina, Ostroumova, 1976).

However, what is important for the biological and
production effectiveness of feeds for the rainbow trout
is also the quality of fat. There are discussions in this
context, concerning the importance of linoleic acid
(Castell et al., 1972) and the content of highly unsatu-
rated fatty acids 20 : 5w 3,22 :6 w 3.

The presented study was conducted within a project
of developing a formula and feeding technology in re-
spect of Czech pellets for commercially produced rain-
bow trout where the content of fat would be increased
and the cereal component and the content of crude pro-
tein would be minimized. The objective of the research
was to optimize the composition of oils in a number of
aspects, including, inter alia, the need to make pellets
of an optimum strength and structure to allow for suf-
ficient sorption of oils. Comparison with some products
as internationally recognized benchmarks is one of the
ways of securing compliance with the latest require-
ments for the nutrition of rainbow trout while respect-
ing the strictest environmental criteria. The feeds pro-
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duced by a German company and a Danish company,
which currently have a considerable influence on the
Czech market of feeds belonging in the same category
as theirs, could serve as such benchmarks.

The purpose of the experiments was to assess three
types of oils (fish oil, rape-seed oil and sunflower-seed
oil) and different levels of fat in the granulated feeds
for rainbow trout on the physiological state of the fish,
assessed according to some biochemical indices of the
blood plasma and the key indices of condition.

The results of the investigation extend and complete
our partial conclusions regarding the growth, feed con-
version, chemical composition of the body and state of
health of the fish, as described in our previous papers
(Parovi et al., 1997; Pirova, Rehulka, 1997).

MATERIAL AND METHODS

To perform the experiments, 4% fish oil (experimen-
tal diet no. 1), 4% rape-seed oil (experimental diet
no. 2) and 4% sunflower-seed oil (experimental diet
no. 3) were added to the basic diet with a fat content
of 7-8% (the experimental layout is shown in Table 1).
Commercial granulated feed produced in Germany (ex-
perimental diet no. 4) and in Denmark (experimental
diet no. 5) served as reference feeds with which the
tested formulations were compared. The nutrient levels
in the experimental diets and in the reference diets used
for comparison are shown in Table 2.

The trials were conducted with juvenile rainbow
trout, all of the same origin, in good condition and good
health, at a starting weight of 107 + 18.9 g and final
weight of 234 + 20.7 g (mean * S.D.). The fish were
fed by hand several times a day, using a ration repre-
senting 0.8-1.2 % of the weight of the stock.

The experiments were started on a trout farm on
May 21, 1997, in flow-through concrete tanks 6 m? in
size, and were conducted in three replications, the total
number of fish in the experiment being in excess of
17 000 individuals. The water had the following physi-
cal and chemical characteristics during the trial: tempera-
ture 10.5 °C, dissolved O, content 11.7 mg.L™!, CODy
4.85mg.L™!, NO3-N 21.5 mg.L™!, NO3-N 0.075 mg.L™
and NH{-N 0.245 mg.L ™",
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Table 1. Formulations of experimental diets

thigred % Diets

1 2 3
Fish meal 37 37 37
Meat-bone meal 17 17 17
Soya extrudate 18 18 18
Wheat extrudate 16.2 16.2 16.2
Milk powder 25 25 25
Whey powder 45 4.5 45
Aminovitan Pd 0.8 0.8 0.8
Fish oil 4.0 - -
Rape-seed oil - 4.0 -
Sunflower-seed oil - - 4.0
Total 100 100 100

Composition of Aminovitan Pd supplement (contents in 1 kg):
Vitamins: vitamin A 3 000 000 i.u., vitamin D, 400 000 i.u., vitamin
E 30 000 mg. vitamin K3 1 000 mg, vitamin B, 2 000 mg, vitamin
B, 2 000 mg, vitamin By 2 400 mg, vitamin Bj; 5 mg, niacin
10 000 mg, calcium pantothenate 10 000 mg, choline 100 000 mg,
folic acid 500 mg, vitamin C 100 000 mg, biotin 50 mg, inositol
100 000 mg, antioxidant Endox

Amino acids: DL-methionine 100 000 mg, L-lysine HCI 100 000 mg
Microelements: cobalt 45 mg, copper 840 mg, iron 6 450 mg, iodine
75 mg, manganese 8 350 mg. zinc 8 150 mg, selenium 24 mg

teristics were determined on a HITACHI 717 automatic
instrument within 24 hours. The following items were
also determined: total protein (TPP), urea (BUN), uric
acid (UA), creatinine (CREA), glucose (GLU), calcium
(Ca2+), and inorganic phosphate (P).

As to the condition parameters, the total weight of
the fish and the weight of eviscerated fish were deter-
mined to the nearest 1 g and liver weight was determi-
ned to the nearest 0.01 g. These results were then used
for the calculation of the liver somatic index (LSI) and
the condition coefficient (after Fulton) and the Clark
formula.

During the mathematical and statistical processing
of the results, the selected sets of the experimental
groups were assessed from the one-dimensional aspect;
the absolute and relative variances were characterized
by the arithmetic mean, standard deviation and the co-
efficient of variance. Confidence intervals of the arith-
metic means of the basic sets were calculated at a sig-
nificance level of P = 0.05. The statistical significance
of the differences between the arithmetic means of the
selected sets was checked by the r-test at significance
levels of P =0.05 and P = 0.01.

Table 2. Nutrient contents in the experi I and parative diets

Indices I 2 3 4 5
Dry matter (%) 90.60 91.75 90.23 90.81 92.64
Crude protein (% in dry matter) 38.20 39.90 37.47 43.15 38.30
Crude fat (% in dry matter) 11.03 11.99 10.70 13.35 18.49
Ash (% in dry matter) 10.96 10.93 10.69 6.78 5.59
Crude fibre (% in dry matter) 1.59 1.44 1.84 2.14 3.94
NFE (% in dry matter) 28,82 27,49 29,53 25,39 26,32
Lysine (% in dry matter) 2.30 2.42 233 2.70 2.50
Methionine (% in dry matter) 0.83 0.89 0.82 0.81 0.83
Ca (gkg™ 25.80 22.90 24.20 12.70 6.17
P (gkg™) 5.58 12.7 129 8.38 6.00
Gross energy (Ml.kg™) 16.9 17.4 16.7 16.3 19.2
Metabolized energy (Mlkg™) 15.1 15.5 14.9 18.3 17.4

The closing biochemical examination was per-
formed on October 9 at a water temperature of 10 °C.
The fish were anesthetized with Menocaine and then
the blood sample was taken by puncturing the blood
vessels of the caudal peduncle 24 hours after the last
feeding between the 7th and 11th hour. The blood was
taken in this way from 8 to 10 fishes of each experi-
mental group. Aqueous solution of heparin was used as
anticoagulant: the injection needle was rinsed with the
solution before each sampling. To perform the bio-
chemical examination, the blood was centrifuged after
collection from each group, the plasma was separated,
and except the potassium cation (K*) and sodium cat-
ion (Na%) (flame emission photometry) all charac-
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RESULTS AND DISCUSSION

The clinical manifestations of the state of health of
the stocks in the experimental groups of fish, monitored
in monthly intervals, did not show any deviations. The
post mortem examination performed at the end of the
trial did not indicate any pathological changes. The
parasitologic finding indicated sporadic occurrence of
Gyrodactylus bohemicus, Trichodina sp. and Apiosoma
sp. on the skin and fins and Trichodina sp. and
Apiosoma sp. on the gills.

It follows from an over-all evaluation of the results
shown in Table 3 that rainbow trout gave a varying
response to the tested feeds. This is documented, in
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Table 3. Biochemical and condition parameters in 1+ rainbow trout at the end of the experiment

Indices Experimental group Statistical
3 significance
- g1t 359" 3.447 39.4 2.5 39.4 6.25 424 8.66 33.6" 5.68 ab: P = 0.05
33.1-38.7% 9.58% 37.5-41.3 6.35 33.8-45 15.86 35.3-49.5 20.42 28.5-38.7 16.9 )
G 4.4 1.06 4.5° 130 5.1 1.06 63" 116 6.1° 1.78 a: P=0.05
3.5-53 24.89 3.5-5.5 28.89 4.2-6 20.78 5.4-1.3 18.41 4.5-7.7 29.18 be: P =001
S——— 0.7 0.13 0.5™ 0.08 0.5 0.12 0.4° 0.09 0.3 0.13 abedef: P = 0.01
0.6-0.8 18.57 0.4-0.6 16 0.4-0.6 24 0.3-0.5 2.5 02-0.4 43.33
CREA  pmoil 29 6.2 32 3.1 31 3.1 33 5.2 27 6.8
24-34 21.38 30-34 9.69 28-34 10 29-37 15.76 21-33 25.19
G — 8 33 10 6.5 8 5 15* 7.1 1 3.1 a: P=0.05
5-11 41.25 5-15 65 4-12 62.5 9-21 41.3 8-14 28.18
o _— 2.86" 0.113 296 0.151 2.82° 0.117 2.81% 0.099 263" 0.183 | acde: P =0.05
2.77-2.95 3.95 2.85-3.07 5.10 2.69-2.95 4.15 2.72-29 3.52 2.47-2.79 6.96 b: P =0.01
" — 6.10%" 0.536 5.70% 0.529 5.41h 0.714 4.82%" 0.704 3,634 0.365 abedefg: P = 0.01
5.66-6.54 8.79 5.3-6.1 9.28 4.77-6.05 13.2 4.25-539 14.61 3.3-3.96 10.06 h: P = 0.01
ol I 0.4° 0.07 0.6b 0.11 0.8° 0.89 0.8 03 Byt 091 abed: P =0.01
03-0.5 17.5 0.5-0.7 18.33 0.004-1.6 111.25 0.6-1 315 1.5-3.1 39.57
Na* T 160 L5 161" 1.7 158 4 159¢ 2.1 157 0.9 ab: P=0.1
159-161 094 160-162 1.06 154-162 2.53 157-161 1.32 156-158 0.57 c: P=0.05
- " 1.39° 0.128 1.23%* 0.098 1.4° 0.112 144 0.168 1.39¢ 0.172 | abe: P =0.05
1.29-1.49 9.21 1.16-1.30 7.97 13-1.5 8 1.3-1.58 11.67 1.24-1.54 12.37 d: P =001
o 141 0.056 1.48 0.041 L5 0.137 1.41 0.058 1.49 0.090
1.36-1.46 3.97 1.45-1.51 2.7 1.38-1.62 9.13 1.36-1.46 4.11 1.41-1.57 6.04
ik 119 0.046 1.27 0.050 1.26 0.093 12 0.075 1.25 0.076
1.15-1.23 3.87 1.23-131 3.94 1.18-134 7.38 1.14-1.26 6.25 1.18-1.32 6.08

Note: ! arithmetic mean, ? standard deviation, * confidence interval for parameter [ with 95% probability (Reisenauer, 1970), ¥ coefficient of variation in %

The values designated by indexes a, b, c, d, e, f, g, h express a significant difference between the experimental groups




particular, by a number of significant differences not
only between the experimental groups given feeds con-
taining fats of different quality but also between the
reference groups fed commercially available pellets
with different ratios of ingredients and different levels
of fat and crude protein.

As to the protein metabolism, attention should be
paid to the significantly higher levels of urea in the fish
of experimental group 1 to which pellets containing
a fish oil supplement were administered. This may in-
dicate to an increased intensity of the protein metabo-
lism. As to the metabolism of minerals, the fish in
experimental group 1 had more inorganic phosphate,
the difference from experimental group 3 being highly
significant. The highest level of calcium in the plasma
was recorded in experimental group 2. Potassium level
in the plasma of the fish of experimental groups 1, 2
and 3 ranged from 0.4 to 0.8 mmol.L™!; what can be
considered as interesting is the great variation range of
the potassium cation in the fish of experimental group
3 where the individual values ranged from 0.5 to
1.1 mmol.L™". The level of Na* was among the most
balanced parameters.

Considering the quality of protein metabolism in ex-
perimental groups 1, 2 and 3, it can be stated that these
groups have a lower total proteinemia than the fish
given diet no. 4 and a higher total proteinemia than the
fish given diet no. 5. As to the other characteristics of
nitrogen metabolism, it is interesting to note the signifi-
cantly higher urea concentration mainly in comparison
with the level of this metabolite in the fish given diet
no. 5: the higher values of this parameter signalize
a higher rate of nitrogen metabolism in experimental
groups 1, 2 and 3.

Glycemia was significantly higher in both reference
groups, especially when compared with experimental
groups | and 2.

The values of calcium and inorganic phosphate were
among the most interesting results of the biochemical
analysis. This was so mainly because of the frequent
differences between the groups and because of the sig-
nificantly higher levels of inorganic phosphate in the
blood of the fish of experimental groups 1, 2 and 3. As
to the potassium cation, it is surprising how high is its
level in the plasma of the trout fed diet no. 5, compared
with the remaining experimental groups. The level of
the sodium cation was significantly lower in the fish
fed the German and Danish pellets, especially when
compared with experimental groups 1 and 2.

When discussing the results, special attention should
be paid to the relatively low level of uric acid in the
fish of all experimental groups, as compared with the
results of our previous experiments (Rehulka, 1999a,
b). In these experiments, the concentration of uric acid
in the plasma grew with the content of crude protein in
the feed from 41 do 47%, regardless of how much fat
was present in the feed (between 3.5 and 14% in the
experiments). Uric acid concentration in the blood
ranged from 73.7 to 295 mmol.L™!. In the same experi-
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ments, the content of urea was as high as 1.5 mmol.L™!
and the content of Ca* was up to 3.62 mmol.L7.

The different types of fats used in the experimental
diets also affected the value of the liver somatic index
which is, in these types of experiments, a significant
condition parameter of the state of the liver paren-
chyma. The highest LSI was recorded in the fish given
pellets with a supplement of fish oil (1) and sunflower-
seed oil (3) and the lowest in the experimental group
with a supplement of rape-seed oil (2). The absolutely
highest LSI was found in the experimental group of
fish given diet no. 4. No pathological changes were
found in the liver by histological examination.

The results have contributed to the extension and
enhancement of the knowledge of the clinical biochem-
istry of the rainbow trout which, under the conditions
of aquaculture in the Czech Republic, is still far from
the level needed for adequate differentiation of the bio-
chemical processes in healthy and diseased fish. The
fact that rainbow trout responded sensitively to the
quality of nutrition in our experiments proves the need
of other biochemical studies to be performed in order
to extend the knowledge of the metabolic response to
the composition of the feed ration which is so impor-
tant for the targeted implementation of progressive
trends in salmonid culture, based on the optimization
of life processes and respecting the economic aspect
(reduction of the time of feeding) while also respecting
the environmental interests, i.e. the need to minimize
exposures of the aquatic environment to biogenic ele-
ments.

Our next paper will provide information on the bio-
chemical experiments which will be extended to cover
also some parameters of the metabolism of fats; in ad-
dition, we will provide information on the hematologi-
cal response to the feed ration in trials focused on
reaching optimum proportions of unsaturated and satu-
rated fatty acids. )
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STANOVENIE VYZIVNE]J HODNOTY ODROD PSENICE
SPALDA (TRITICUM SPELTA L.) A OZIMNE] PSENICE
(TRITICUM AESTIVUM L.) CHEMICKYMI

A BIOLOGICKYMI METODAMI

ASSESSMENT OF NUTRITIONAL VALUE IN SPELT (TRITICUM SPELTA
L.) AND WINTER (TRITICUM AESTIVUM L.) WHEAT BY CHEMICAL
AND BIOLOGICAL METHODS

M. Chrenkové', Z. Cerestidkova', A. Sommer', Z. Géilova®, V. Kralova®

'Research Institute of Animal Production, Nitra, Slovak Republic
2Slovak University of Agriculture, Faculty of Agronomy, Nitra, Slovak Republic

ABSTRACT: The nutritional value of two varieties of spelt wheat (Triticum spelta L.) was compared with the conventional
variety of winter wheat (Triticum aestivum) grown in Slovakia and Sweden. The chemical analysis shows that T. spelta has
a significantly higher content of crude protein, proteins (P < 0.001), more nonessential amino acids and significantly less
lysine (16 g N, P < 0.05). The assessed values show that with an increasing content of crude protein the content of proteins
does not increase proportionately. The representation of individual protein fractions, with different digestibility, changes with
the variation of total N content. We did not find any significant differences between the varieties on the basis of biological
test of growth in rats. The highest biological value of proteins (BVP) was assessed for the German variety of spelt wheat
grown in Slovakia (75.6%) out of the tested wheats, however, the differences between the varieties were not significant. We
found significant differences in excrement N output from N uptake, and it manifested itself in significant differences in
digestibility of crude protein which was higher in the samples of spelt wheat (80.5 and/or 85.1%). The quality of proteins in
spelt wheat is higher than in winter wheat Samanta, which is also demonstrated by higher NPU and UP values.

Keywords: wheat; spelt wheat; crude protein; protein fractions; digestibility of crude protein; BVP and PER; NPU, laboratory rat

ABSTRAKT: V prispevku porovnidvame vyZivni hodnotu dvoch odréd 3paldy (Triticum spelta L.) s konvenénou odrodou
ozimnej pSenice (Triticum aestivum) dopestovanych na Slovensku a vo Svédsku. Chemické analyzy ukazuji, Ze T. spelta ma
preukazne vy3$3i obsah N-latok, bielkovin (P < 0,001), viac neesencidlnych aminokyselin a preukazne menej lyzinu (g/16 g N)
(P < 0,05). Zo stanovenych hodnét vidiet, Ze so stipanim obsahu N-litok nestipa Gmerne obsah bielkovin. Pri zmene
celkového obsahu dusika sa meni zastipenie jednotlivych bielkovinovych frakcii, ktoré maji roznu straviteInost. Na zéklade
biologického rastového testu na laboratérnych potkanoch sme nezistili medzi odrodami preukazné rozdiely. Z testovanych
pSenic sme najvyssiu biologicki hodnotu bielkovin (BHB) stanovili pre nemecki odrodu $paldy dopestovanii na Slovensku
(75,6 %), aviak rozdiely medzi odrodami boli nevyznamné. Zistili sme vyznamné rozdiely v podiele dusika vyli¢eného
vykalmi z dusika prijatého, o sa prejavilo na vyznamnych rozdieloch v straviteInosti N-ltok, ktord bola u vzoriek p3enice
$paldy vysSia (80,5, resp. 85,1 %). Kvalita bielkovin $paldovej pSenice je vy3§ia ako v ozimnej pSenici Samanta, ¢o dokazuju
aj vys$Sie hodnoty NPU a UP.

Kltcové slovi: pSenica; $palda; N-latky; bielkovinové frakcie; straviteInost N-latok; BHB a PER; NPU; laboratérny potkan

UvVOD siatej (Ranhotra er al., 1996; Sasek, Cerny, 1997). Vy-

Zivna hodnota pSeni¢ného zrna je limitovand najmi

V Slovenskej republike sa ozimna p$enica, ktora sa
vyuZiva vo vyZive Iudi a zvierat, pestuje na vySe
420 tis. hektaroch. Hoci vicsia Cast svetovej trody pse-
nice je z produkcie Triticum aestivum (L.) a Triticum
durum, vzrasta zaujem aj o starobylé odrody p3enice,
hlavne o Spaldu (Triticum spelta (L.), ktora svojou vy-
Zivnou hodnotou prevySuje konvenéné odrody pSenice
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straviteInostou bielkovin, aminokyselinovym zloZenim
a vyuZiteInosfou aminokyselin (Simecek, 1980; Heger
et al., 1990). Obsah bielkovin je velmi variabilny a je
vysledkom genetickych, agrotechnickych a enviromen-
talnych vplyvov (Prugar, Hraska, 1986; Mérova et al.,
1992). Nizka vyZivna hodnota ceredlnych bielkovin je
podmienena hlavne vysokym podielom (30-49 %)
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bielkovinovych frakcii typu prolaminov (Karlubik et
al., 1976; Michalik, Karlubik, 1988; Galova et al.,
1997), ktoré sa vyznaCuji nizkym obsahom esencial-
nych aminokyselin, najmi lyzinu, tryptofidnu, metioni-
nu a argininu.

Cielom price bolo stanovit vyZivni hodnotu Triti-
cum spelta (L.) chemickymi a biologickymi met6dami
a porovnat ju s vyZivnou hodnotou ozimnej pSenice
Samanta.

MATERIAL A METODA

Predmetom testovania boli vzorky p3enice Samanta
a §palda I (nemecka odroda $paldy dopestovana na Slo-
vensku), dodané z experimentilnej zdkladne Katedry
polnohospodarskych sistav AF SPU v Nitre a §palda II
(dopestovanid vo Svédsku), dodana z Polnohospodar-
skej univerzity v Uppsale.

Chemické metody

Vo vzorkach pSenic sme stanovili obsah dusika
Kjeldahlovou metédou, bielkovin metédou podla Barn-
steina a bielkovinovych frakcii extrakcnou metédou
podla Golenkova (ICC metéda) v modifikacii Michali-
ka et al. (1989). Obsah aminokyselin po kyslej hydro-

lyze 6M-HCI a metioninu s cystinom po oxidaCnej .

hydrolyze sme stanovili na automatickom analyzatore
aminokyselin AAA 400 (fy Ingos Praha).

Biologické metédy

Stravitelnost N-latok, bilanciu dusika, BHB (biolo-
gickd hodnota bielkovin), NPU (netto vyuZiteInost
bielkovin), UP (vyuZiteIné bielkoviny), PER (bielkovi-
novy produkény index) a spotrebu krmiva na 1 g pri-
rastku sme sledovali na potkanoch kmefia Wistar z SPF
chovu (Velaz Praha) s hmotnostou cca 75 g. V kazdej
pokusnej skupine bolo 6 zvierat. Zrno pSenice bolo je-
dinym zdrojom dusika v pokusnych davkach a N-latky
testovanych krmiv tvorili 10 % suSiny kimnej davky.

ZlozZenie pokusnej diéty (v % suSiny):

Testované krmivo 10 % N-latok (1,6 g N x 6,25)

Sachar6za 10 %
Sojovy olej 5%
Minerdlna zmes 6 %
Vitaminova zmes 2%
Polyetylén do 4 % (vritane vlikniny krmiva)

P3eniény krob do 100 %

Hodnotu PER sme stanovili za obdobie 21 dni
(kfmny pokus) a BHB za obdobie 7 dni (bilanény po-
kus). UP sme dostali vynasobenim N-latok a NPU.

Zachovni potrebu dusika (ZPN) a metabolicky du-
sik vykalov (MNV) sme vypoéitali z tychto regresnych
rovnic:

ZPN =0,222 x + 22,93

MNV =0,081 x + 3,01
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kde: x — priemernd hmotnost laboratérneho potkana v bilanénom
obdobi

Pokusy na potkanoch sme robili podla autorov Eg-
gum (1973) a Heger et al. (1990).

Vysledky pozorovani medzi jednotlivymi odrodami
sme vyhodnotili jednofaktorovou analyzou rozptylu
(ANOVA) pomocou Statistického integrovaného systé-
mu OA. Preukaznost rozdielov v strednych hodnotich
sme testovali F-testom a t-testom.

VYSLEDKY A DISKUSIA

Vysledky chemickych analyz testovanych vzoriek
pSenic (tab. 1) poukazuji na rozdiely v obsahu N-l4tok
a bielkovin (P < 0,001). Zo stanovenych hodnét vidiet,
Ze so stipanim obsahu N-litok nestipa imerne obsah
bielkovin. Najvy3$§i obsah N-latok a bielkovin sme sta-
novili v nemeckej odrode Spaldy dopestovanej na Slo-
vensku. Spalda dopestovand vo Svédsku ma niZ$i obsah
N-latok, ale podielom bielkovin z obsahu N-litok sa
medzi sebou neli§ia. Z prac viacerych autorov (Abdel-
-Aal et al., 1995; Capouchové, 1996; Sasek, Cerny,
1997) vyplyva, Ze zrno $paldy sa vyznaCuje vys$Sou vy-
Zivnou hodnotou v porovnani s ozimnou pSenicou. Ga-
lové et al. (1997) nezistili preukazné rozdiely v obsahu
bielkovin, ako aj jednotlivych frakcii bielkovin medzi
odrodami $paldy a porovnavacou odrodou Vlada.

Vysledky, ktoré uvadzaji Moudry a Vlasak (1996),
indikuju, Ze zrno $paldy m4 vy3&i obsah N-latok a vy$si
obsah vicSiny esencidlnych aminokyselin neZ konveng-
né psenice, Co je v zhode s nasimi vysledkami (tab. 1).
Sasek a Cerny (1997) uddvajii aZ pitnasobne vyssi ob-
sah lyzinu, ¢o sme my nepotvrdili.

Miera vyuZitia dusika bielkovin pSenic je zavisla
nielen od celkového mnoZstva aminokyselin, ale najmi
od ich vybilancovanosti. V pSeniciach je v§eobecne ne-
priaznivé zastipenie esencidlnych aminokyselin, ako
uvadzaji aj Pajtas et al. (1996). S kvalitou bielkovin
pSenic uzko suvisi straviteInost N-latok a bilancia du-
sika u pokusnych zvierat. Vysledky z biologickej &asti
testovania na zaklade vysledkov kimnych a bilanénych
pokusov s potkanmi st uvedené v tab. 3 a 4.

Zvierata vylucuji dusik v dvoch forméach, a to ako
organicky viazany dusik vo vykaloch a Iahko rozpust-
ny dusik v moci. Medzi pokusnymi skupinami sme ne-
zistili §tatisticky preukazné rozdiely v mnoZstve dusika
vylucovaného moc¢om. Priemerna hodnota podielu du-
sika vyli¢eného moc¢om z prijatého dusika predstavuje
pre vietky kfmne zmesi cca 41 %. Nestravitelnd Cast
N-latok z kimnej davky sa odrdZza v mnoZstve dusika
vo vykaloch. Zistili sme rozdiely v podiele dusika vy-
liceného vykalmi z dusika prijatého, &o sa prejavilo na
vyznamnych rozdieloch v stravitelnosti N-latok. To
zodpoveda aj vyznamnym rozdielom v obsahu N-latok
v sledovanych vzorkach pSenice. Pri zmenach celkové-
ho obsahu N-litok sa meni zastipenie jednotlivych
bielkovinovych frakcii (tab. 2), ktoré maji r6znu stra-
vitelnost. StraviteInost N-14tok bola u vzoriek pSenice
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Tab. 1. Obsah N-létok, bielkovin a

amino acids in tested varieties of wheat (g/100 g dry matter)

kyselin v

ych odrodéch psenice (g/100 g suSiny) — Contents of crude protein, proteins and

Samanta Spalda 1 Spalda 11

Ukazovatel Preukaznost

1 2 3 rozdielov®
n=4 x s x s x s
N-latky' (N x 6,25) 9,99 0,38 16,36 0.37 12,71 0,33 1:2:3+++
Bielkoviny2 8,98 031 14,16 0,13 11,26 0,43 1:2:34+++
Celkové AK? 8,74 0,40 14,84 0,73 11,30 0,43 1:2:3+++
Esencidlne AK* 3,40 0,19 5.46 0,20 4,12 0,28 1.3:24++ 134+
Lyzin® 0,26 0,01 0,37 0,02 0,31 0,02 1,3:24++ 1:3+
Treonin® 0.28 0,01 0,45 0,02 0,35 0,03 1:2:3+++
Esencidlne/neesencidlne AK” 0,636 0,593 0,574

AK - aminokyseliny

'crude protein, zprotcms. *total amino acids, “essential amino acids, “lysine, “threonine, "essential/nonessential AA, "sngmﬁcance of differ-

ences

Tab. 2. Bielkovinové frakcie zrna testovanych odrdd (percentudlny podiel na celkovom obsahu N) — Protein fractions of the grain of tested

varieties (percentual proportions in total N content)

'albumins + globulins, 2gliadins. 35'

Samanta Spalda 1 Spalda 11
Albuminy + globuliny' 26,2 24,8 26,1
Gliadiny? 31,6 40,3 40,0
Gluteniny? 29,4 26,5 24,4
Nerozpustny zvy§ok“ 12,8 8.4 9.5
R i

Tab. 3. Vysledky testovania jednotlivych odrdd pSenice v kimnych pokusoch na potkanoch — Results of testing the wheat varieties in feeding

trials on rats

S Spalda 1 Spalda 11

Ukazovatel Preukaznost

2 3 rozdielov®
n==6 x 5 3 5 X 5
Hmotnostny prirastok' (g) 30,14 5.55 27,00 424 32,83 6,14 2:3+
Pomer kone&nej a zatiato&nej hmotnosti’ 1,40 0,08 1,34 0,07 1,40 0,08 NS
Spotreba krmiva na | g prirastku Zivej hmotnosti* (g) 8,84 1,05 9,77 1,32 9,03 1LI5 NS
PER? 1,27 0,16 1,10 0,13 1,26 0,15 NS

PER - bielkovinovy produkény index

Iwt:ight gain, %final to initial weight ratio, 3feed consumption per | g of live weight gain, 4pro(ein efficiency ratio

Spalda vysSia (80,5, resp. 85,1 %), ¢o potvrdzuje klad-
ny vztah medzi obsahom dusika v pSenici a jeho stra-
viteInostou, ako to potvrdila aj Nitrayova (1995). Vys-
§ia stravitelnost N-latok okrem iného mdZe byt aj
dosledkom nizSej hladiny antinutri¢nych latok v zrne
Spaldy neZ v beZnych pSeniciach, ako uvéddza Grela
(1996). V psenici je podla autorov Coleman a Walden
(1982) 2 az 17 % inhibitorov hydrolytickych enzymov
v zaZivacom trakte v prepocte na celkovy obsah rozpust-
nych bielkovin. Pritomnost bielkovin typu hemagluteni-
nov, purotioninov, inhibitorov amylaz a proteéz, alfaglia-
dinovych bielkoyin a dalSich bielkovin antinutritivnej
povahy (Michalik, 1994) podstatne zniZuje nutri¢nd kva-
litu bielkovin. Vysoky obsah tychto l4tok v kimnej davke
inhibuje predovsetkym rast mladych zvierat.

CZECH J. ANIM. SCI., 45, 2000: 133-137

Najvy§8ie hmotnostné prirastky sme dosiahli u labo-
ratérnych potkanov pri skrmovani $paldy dopestovanej
vo Svédsku. Pre lepSie porovnanie ziskanych hodnét
hmotnostnych prirastkov sme vypo¢itali podiel koned-
nej a zaCiatocnej hmotnosti pokusnych zvierat (tab. 3),
¢o vlastne uddva hodnotu zndsobenia hmotnosti vlast-
ného tela, t.j. napr. ak pokusné skupina (6 potkanov)
kimena pSenicou Samanta dosiahla priemerny podiel
koneénej a zaCiato¢nej hmotnosti 1,40, znamena to, Ze
znasobila hmotnost svojho tela 0,40krat (Cislo 1 vyjad-
ruje zaciatocni hmotnost tela). Ten isty vysledok zis-
kame, ked vypocitame podiel hmotnostného prirastku
a zaCiatoCnej hmotnosti tela (0,40). Podobné vysledky
ziskal aj Simecek (1980), ktory porovnéval kvalitu
bielkovin triticale s kvalitou bielkovin p3enice, jaéme-
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Tab. 4. Vysledky testovania jednotlivych odrod pSenice v bilanénych pokusoch na potkanoch — Results of testing the wheat varieties in

metabolic trials on rats

Samanta Spalda 1 Spalda 11

Ukazovatel Preukaznost

1 2 3 rozdieloy”
n=6 X s X i X s
Stravitelnost N-latok' (%) 78,12 2,56 85,08 1,59 80,47 0,65 I, 3:24+4++
Podiel N vyli¢eného vykalmi z pl‘ijn(éhﬁ)2 (%) 21,88 2,56 14,92 1,59 19,54 0,65 1:3+ 1, 3:24++
Podiel N vyliceného mogom z prijatého® (%) 41,12 5,40 41,20 5.56 41,71 2,99 NS
BHB* 73,37 6,88 75,63 553 72,13 2,57 NS
NPU?® 56,50 527 63,92 5,89 58,04 2,19 2:1, 3+
VyuziteIné bielkoviny® (%) 5,64 0,53 10,46 0,96 7,38 0,28 2:1, 344+ 1344+

BHB - biologickéd hodnota bielkovin, NPU — netto vyuZitie bielkovin

'crude protein digestibility, Zexcrement N output from N uptake, 3urinary N output from N uptake, ‘prolein biological value, “net protein

utilization, “utilizable proteins, 'significance of differences

fia a raZe v pokusoch na potkanoch. Pri kfmeni zvierat
§paldami a ozimnou pSenicou Samanta si hodnoty
1,34, resp. 1,40. V prirastkoch hmotnosti na spotrebo-
vany 1 g bielkovin (PER) boli rozdiely nepreukazné.

V ukazovateli BHB sa odrdZa podiel dusika zadrZa-
ného z celkového straveného dusika. Pri ich porovnani
Nitrayova (1995) zistila kladni zavislost medzi podie-
lom N zadrZaného v organizme zo straveného N
a BHB (r=0,95, SE = 4,26). Z testovanych pSenic sme
najvy$Siu BHB stanovili pre $paldu dopestovani na
Slovensku (75,6 %). Ostatné hodnoty st niZie (tab. 4),
aviak rozdiely si nevyznamné. Simecek (1980) a Heger
(1999 - pisomné oboznamenie) udévaju, Ze v ukazovateli
BHB sa vyrazne prejavuje obsah lyzinu v dusikatych
latkach. Désledkom nizkeho podielu albuminov a glo-
bulinov (tab. 2) je aj nizka koncentracia lyzinu a treo-
ninu. Ak berieme pri porovnavani odrdod pSenice ako
zaklad suSinu, su rozdiely medzi vSetkymi aminokyse-
linami 3tatisticky preukazné, a to vzhladom na velké
rozdiely v obsahu dusika. Pri prepocte na 16 g N si
vyznamné rozdiely iba pre lyzin (P < 0,05) v nepros-
pech 3paldy (Chrenkova et al., 1999). Podla autorov
Taranov, Sabirov (1987) a Filkorn (1989) je potrebné
pri hodnoteni BHB pSenic sledovat nielen aminokyse-
linové zloZenie bielkovin, ale aj obsah volnych funké-
nych skupin -SH a -NH,. Cim vy33i je ich obsah, tym
ma bielkovina vysSiu biologicku hodnotu. Podla nasho
nizoru obsah -SH a -NH, skupin sdvisi priamo imerne
s obsahom a zastipenim jednotlivych aminokyselin.
Kvalita bielkovin $paldovej pSenice v porovnani
s ozimnou pSenicou Samanta bola vys§ia, ¢o dokazuji
aj vySsie hodnoty netto vyuZitia bielkovin (NPU) a vy-
uziteInych bielkovin (UP) - tab. 4.

Zaverom moZeme konS$tatovat, Ze $palda, ¢o sa
tyka nutri¢nej hodnoty, je ekvivalentna ozimnej pse-
nici Samanta a v niektorych hodnotich ju dokonca
prevysuje.
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CHARAKTERISTIKY DEGRADOVATELNOSTI
BUNECNYCH STIEN A ORGANICKE]J HMOTY
PASIENKOVYCH PORASTOV

PARAMETERS OF DEGRADABILITY OF PASTURE HERBAGE CELL
WALLS AND ORGANIC MATTER

Z. Cerestidkova', R. Zitiian', A. Sommer', M. Kokardov4?, J. Szakics', A. Sevéik,
M. Chrenkov'

" Research Institute of Animal Production, Nitra, Slovak Republic

Institute of Farm Animal Physiology of the Slovak Academy of Sciences, Kosice, Slovak
Republic

3 University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Experiments in sacco were conducted on animals with large rumen fistulas to determine some degradability
parameters of pasture herbage with different proportions of grasses, clovers and herbs in the identical growth stage (Table 1).
Botanical composition of herbage was reflected in its chemical composition, mainly in the composition of cell walls (Table 2)
and in the rate of organic matter (Table 3), NDF and ADF degradation. High content of cell walls (NDF) results in higher
values of lag phase for degradability of the tested parameters. Delayed onset of cell wall degradation is illustrated by electron
microscopy photos. Substantial impairment of cell walls and bacterial colonization were visible after 24h incubation in the
rumen.

Keywords: bulk fodder; neutral detergent fiber (NDF); acid detergent fiber (ADF); degradability parameters; lag phase

ABSTRAKT: Charakteristiky degradovatelnosti vybranych ukazovatelov pasienkovych porastov s rznym zastipenim trdv,
datelin a bylin v rovnakej rastovej fize sme stanovili v pokusoch in sacco na troch zvieratich s velkymi bachorovymi
fistulami. Botanickd skladba porastov sa prejavila na ich chemickom zloZeni, najmi na zloZeni bunenych stien a na rychlosti
degradicie organickej hmoty, NDV a ADV. Vysoky obsah buneénych stien (NDV) ma za nésledok vy33ie hodnoty lag fizy
pre degradovatelnost sledovanych ukazovatelov. Oneskoreny nastup degradicie buneénych stien je dokumentovany obréizka-
mi z elektrénovej mikroskopie. Vyrazné naru$enie rastlinnych stien a osidlenie baktériami bolo viditeIné po 24 h inkubdcie
v bachore.

Klucové slova: objemové krmivo; neutrilnedetergentnd vldknina (NDV); acidodetergentna vlaknina (ADV); parametre de-
gradovatelnosti; lag fiza

UvVOD

Botanicka skladba, ktora urCuje aj obsah a zloZenie
bunecnych stien, vyrazne ovplyviiuje nutri¢ni hodnotu
pasienkovych porastov. Obsah buneénych stien, kto-
rych hlavné komponenty su celuléza, hemicelulézy
a nesacharidicky lignin (Deinum, 1973; Graham
a Aman, 1991), vplyvaji na travenie, resp. degradaciu
nerozpustnej frakcie objemovych krmiv. Obsah a zlo-
Zenie buneénych stien je iné v travach a iné v datelino-
vinach, ale i v listoch a stonkach.

Pri sledovani degradovatelnosti Zivin technikou in
sacco je potrebné pri vypocte efektivnej degradovatel-
nosti brat do dvahy tzv. lag fazu (Orskov, 1991), ktora
charakterizuje nastup degradicie rastlinnych buniek.

CZECH J. ANIM. SCI,, 45, 2000: 139-144

Ako zistili Miller a Hobbs (1994), je jej dlzka zavisla
od prevlhéenia a adherencie mikroorganizmov k bu-
neénym Struktiram. Mikroskopicky bolo zistené, Ze ur-
¢ité typy buniek su k degradicii rezistentné (Akin
a Burdick, 1981; Grenet, 1991).

Cielom naSej prace bolo zistit technikou in sacco
charakteristiky degradovatelnosti organickej hmoty,
NDV a ADV pasienkovych porastov s rozdielnym ob-
sahom a zloZenim bunecnych stien.

MATERIAL A METODA

Vzorky porastov sme odobrali z pasienkov, na kto-
rych sa pésli v stdde jalovic aj tri pokusné jalovice
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(priemernd Z.h. 375 kg). Na tychto zvieratich, ktoré
boli oetrené velkymi bachorovymi fistulami o vnitor-
nom priemere 10 cm, sme urobili pokusy in sacco.
Botanické zloZenie porastov je uvedené v tab. 1. Vzor-
ky sme odobrali pri vySke porastov 15 aZ 20 cm, pose-
kali ich na dlZku 1 a% 1,5 cm, navéZili v mnoZstve cca
5 g susiny do vrecisok o rozmeroch 9 x 15 c¢m, zhoto-
venych z polyamidovej tkaniny UHELON 130 T (vel-
kost pérov 47 um), a vloZili do bachora jalovic v pocte
Styri vrecuska na zviera a inkubdciu. Trvanie inkubécii
bolo 0, 6, 9, 12, 24 a 48 hodin. Po inkubécii sme vre-
cti¥ka dokladne premyli v studenej vode a vysusili pri
teplote 60 °C. Po vysuSeni sme nedegradované zvysky
pomleli na mlyne s prepadom cez Imm sito a pouZili
na chemické analyzy. Vo vzorkich pasienkovych po-
rastov a zvySkoch po inkubdcidch sme stanovili obsah
sufiny pri teplote 103 °C, obsah popola ziskaného spa-
lovanim pri teplote 550 °C, neutrdlnedetergentni vlak-
ninu (NDV), acidodetergentnu vldkninu (ADV) a kysly
lignin (ADL) metédou van Soesta, ako uvéddzaji Luton-
skd a Pichl (1983).

Elektrénovi mikroskopiu sme pouZili na vizuilne
posidenie rozsahu degradécie pasienkovych porastov
po 6, 12 a 24 hodinich inkubécie v bachore. Nestrave-
né Gastice porastu sme premyli v kokadylanovom pufri
a ihned fixovali v zmesi 2 % formaldehydu a 2,5 %
glutaraldehydu v kokadylanovom pufri. Dobre vysuse-
né preparaty boli potiahnuté 20nm vrstvou zlata pri
4 °C. Vzorky sme pozorovali mikroskopom JEM
100CX II (JOEL) s pridavnym rastrovacim zariadenim
AGLD 4D pri akcelurujicom napiti 40 kV.

Z ubytku organickej hmoty, NDV a ADV za jednot-
livé inkubécie sme dosadenim do exponenciilnej rov-
nice podla autorov Orskov a McDonald (1979)
a McDonald (1981) vypo¢itali charakteristiky degrado-
vatelnosti a@’, b’, ¢, ako aj lag fazu podla rovnice, ktoru
uvadzaju Huntington a Givens (1997). Pre vypocet
efektivnej degradovatelnosti sme pouZili rychlost pasa-
7e 0,04.h7%.

VYSLEDKY
Chemické zloZenie

Medzi vzorkami A, B a C, ktoré sme odobrali z pa-
sienkov pri vy¥ke porastov 15 aZ 20 cm, boli rozdiely
v obsahu hrubej vlakniny a buneénych stien (NDV).
Z hodndt uvedenych v tab. 2 je zrejmy aj rozdiel v ob-
sahu ADV. Rozdiely si 50 a7 70 gkg™' susiny, &o
predstavuje v poraste A 29% a v poraste B a C 35%
podiel na obsahu organickej hmoty. Porasty si medzi
sebou rozdielne aj v obsahu celul6zy a hemiceluléz.
Obsah ligninu bol takmer totoZny.

Degradovatel'nost Zivin v bachore

Priebeh degradéicie buneénych stien a organicke;j
hmoty v bachore je na obr. 1. Ubytok organickej hmoty
po 48 hodinich inkubéicie bol 57,9 % aZ 70,2 %
a NDV 45,8 % (B) az 55,9 % (A). Ubytok ADV sa
pohyboval od 45,7 % (B) do 51,7 % (A). Hodnoty uve-
dené v tab. 3 poukazuju na rozdiely v charakteristikich
degradovatelnosti porastov. NajniZSiu rychlost degra-
déacie organickej hmoty sme vypoditali pre porast C,
ktory mal vSak najvysSiu potencidlne degradovatelni
frakciu (a + b) organickej hmoty (73,6 %), a tym aj
najvy3Siu hodnotu jej efektivnej degradovatelnosti
(46,2 %). NajnizSiu efektivnu degradovatelnost mal
dovatelnej frakcie (100 — b + a). Vyrazne niZ8ia bola
efektivna degradovatelnost buneénych stien (NDV)
a acidodetergentnej vldkniny, ¢o vyplyva aj z nizkej
rychlosti degradicie. Pre porast B bola rychlost len
0,0212.h7" a pre porast A 0,0312.h7".

Vypo¢itana lag faza pre sledované ukazovatele v pa-
sienkovych porastoch bola pomerne vysoka, s najvys-
§imi hodnotami pre ADV — v poraste B bola hodnota
az 7,57 h. NajniZ8iu lag fazu sme stanovili pre degra-
dovatelnost organickej hmoty v poraste C (3,91 h).

Tab. 1. Botanické zloZenie pasienkovych porastov (%) — Botanical composition of pasture herbage (%)

Porast' Trivy? Dateliny? Byliny*
72 2 10
A Festuca pratensis L. Trifolium repens L. Taraxacum pratensis
Poa pratensis L. Trifolium pratense L. Myosurus minimus
85 10 3
B Festuca pratensis L. Trifolium pratense L. Taraxacum pratensis
r Poa pratensis L. Trifolium rubens L. Myosurus minimus
Dactylis glomerata L.
58 35 4
fo Lolium perene L. Trifolium pratense L. Taraxacum pratensis
Poa pratensis L. Trifolium rubens L. Myosurus minimus
Festuca pratensis L.

Pozndmka: ZvySok do 100 % st buriny
Note: The remainder to 100% is weeds

3
lgm.'»:sl:.md. 2grclsses., 3clovers, *herbs

140

CZECH J. ANIM. SCI., 45, 2000: 139-144




Tab. 2. Obsah organickej hmoty a sledovanych zloZiek buneénych
stien v pasienkovych porastoch (g/kg suSiny) — Contents of organic
matter and cell wall components in pasture herbage (g/kg DM)

S Pasienkovy porast’
A B (e

Organickd hmota® 912,0 911,3 938,5
Hrubi vliknina® 241,8 245,0 2888
NDV 21,5 433,9 560,2
ADV 264,5 316,5 3314
Hemicelulozy* 163,0 117,4 228,8
Celul6za® 217,1 269,9 2887
Lignin® 474 46,6 42,7

NDV - buneéné steny — neutrildetergentni vliknina, ADV — acido-
detergentna vliknina

NDV - cell walls — neutral detergent fiber, ADV — acid detergent
fiber

lpammmer. 2r:rgnnic matter, >fiber, *hemicellulose, cellulose, (’lig»
nin, ‘pasture herbage

Vys8ie hodnoty lag fazy uZz vyraznejSie ovplyviiuju aj
velkost efektivnej degradovatelnosti.

Vyrazne pomaly nastup degradécie bunecnych stien
v poraste B sme pozorovali na snimkach ziskanych
rastrovacou elektrénovou mikroskopiou (obr. 2). Po
12 hodinéch inkubécie je viditeIné slabé osidlenie po-
vrchu rastlinného epitelu baktériami a len malo degra-
dované bunecné steny (obr. 3). AZ po 24 hodinich
(obr. 4) vidiet uz vyrazni degradiciu so znacnym poc-
tom adherovanej mikrofléry.

DISKUSIA

Pasienkové porasty v podhorskych oblastiach maja
mnohozlozkovi botanicki skladbu, ako aj rozny podiel
jednotlivych rastlinnych druhov. Vysoky je podiel by-
lin a burin. Vzorky porastov, ktoré sme analyzovali,
svojou botanickou skladbou nezodpovedaji poZiadav-
ke na idedlny porast, ako uvadza Vesely (1998). Dru-
hové zastipenie a vegetaéna faza si v tzkom vztahu
s koncentraciou hrubej vlakniny, resp. bunecnych stien
a ich zloZenim. Negativny vplyv na degradiciu bunec-

)
ol

8 3 8

&
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Ubytok organickej hmoty (%)

o 3 8 8

24 48
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— 49— -Pasienok A- - & - -PaslenokB—i—-PaslenokCi

b).
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Obr. 1. Ubytok organickej hmoty (a) a bune&nych stien (b) v prie-
behu inkubdcie pasienkovych porastov v bachore jalovic — Losses of
organic matter (a) and cell walls (b) during incubation of pasture
herbage in heifer rumen

nych stien a tym aj organickej hmoty u trdv ma podob-
nos{ anatomickej Struktiry listov a stoniek, u ktorych
bola zistend ovela niZia stravitelnost ako u listov

Tab. 3. Parametre degradovatelnosti organickej hmoty, bunecnych stien (NDV) a acidodetergentnej vlikniny (ADV) pasienkovych porastov —
Degradability parameters of organic matter, cell walls (NDV) and acid detergent fiber (ADV) in pasture herbage

Parametre degradovatelnostil Onganlskd hpwnsl DV ADY

A B C A B { & A B C
Straty pranim?® a (%) | 10,2 74 5.4 - - 1.9 - - -
Nerozpustnd degradovatelna frakcia® b(%) | 60,9 51.3 58,2 62,6 79,4 59,6 71,6 50,7 59,7
Nedegradovatelna frakcia® 100 - (a + b) 289 41,3 26,4 37.4 20,6 38,5 28,4 49,7 40,3
Rychlost (.It:gr;ld;'n:it:5 (h'") 0,0747| 0,0932| 0,0647| 0,0520( 0,0212| 0,0337| 0,0312| 0,0559| 0,0362
Lag fiza® (h) | 522 5,59 391 5,97 4,02 3,93 7,18 7,57 6,27
Efektivna degradovalefnosi7 (%) | 42,4 36,1 46,15 27,9 23,4 25,2 235 21,8 22,1

'degradability )Pammeters. 2washing loss, ‘insoluble degradable fraction, "undegradable fraction, Sdegmdmion rate, “Ing phase, Teffective

degradability, "organic matter
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leguminoz. Vo velkej miere vplyva na degradovatel-
nost aj pritomnost ligninu a jeho viizba na celulézu
a hemicelulozy.

Degradovatelnost suSiny porastov zo zmesi trav
s malym podielom leguminéz bola nizka, ako uvadzaja
aj Andrighetto er al. (1992). V datelinovinach i napriek
vys§iemu obsahu ligninu nebol pozorovany tak nega-

tivny vplyv na degradovatelnost organickej hmoty. su-
§iny a NDV ako u trav (Deinum, 1973: Susmel er al.,
1990). VSeobecne plati. Ze so zvySovanim obsahu ADV
a ligninu sa v ramci druhu znizuje degradovatelnost
a stravitelnost hmoty (Tamminga et al., 1991; Chren-
kova et al., 1993: Ceresiidkova et al.. 1993; Aufr
al., 1994; Babnik, 1995), ¢ize sa znizuje potencidlna
degradovatelnost krmiva. Znizovanie potencialnej de-

ére et
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Obr. 2. Zobrazenie rastlinnych
tkaniv pasienkového porastu B po-
mocou rastrovacej elektrénovej
mikroskopie (zviicSenie 4 000x) —
po 6 hodindch inkubdcie v bachore
je osidlenie este velmi malé — Re-
presentation of plant tissues of pas-
ture herbage B by scanning elec-
tron microscopy (magnification
4 000x) — very small colonization
after 6 hours of rumen incubation

Obr. 3. Zobrazenie rastlinnych
tkaniv pasienkového porastu B po-
mocou rastrovacej elektrénovej
mikroskopie (zvicSenic 4 000x) -
po 12 hodinich inkubdcie v bachore
je viditeIni kolonizicia rastlinnych
tkaniv — Representation of plant
tissues of pasture herbage B by
scanning electron microscopy
(magnification 4 000x) — visible
colonization of plant tissues after
12 hours of rumen incubation

gradovatelnosti so zvySovanim ADV v porastoch zlo-
zenych z viac ako troch druhov trdv stanovili De Boe-
ver et al. (1998). Toto sa potvrdilo aj v naSej préci
nizkou degradovatelnostou sledovanych ukazovatelov.
V poraste C naprick vys$§iemu obsahu NDV sme zistili
aj najvyssiu efektivnu degradovatelnost organickej
hmoty a druhi najvys$Siu efektivnu degradovatelnost
NDV a ADV. Tento fakt si vysvetlujeme prave vySS§im
zastipenim dateliny v poraste.

Casovy posun degraddcie buneénych stien v krmi-
vach s vy$Sim obsahom vlakniny sledovali viaceri au-
tori a bol zavedeny pojem lag fazy (Orskov, 1991; Sus-
mel er al.. 1990: Uden, 1992). Hodnoty lag fazy sa liSia
medzi krmivami a pohybuji sa v ur¢itom rozpiti aj
v ramei krmiva — pre lucernové seno od 6 do 10,5 hodin,
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pre reznacku lalo¢nati od 6.1 do 7.7 hodin. Sattineri et
al. (1992) zistili pre Cista celulézu lag fazu az 8 hodin.
NaSe vysledky tieto ndlezy potvrdzuji (tab. 3). Najvys-
Sie hodnoty lag fizy sme stanovili pre ADV, ktort tvori
celul6za a lignin. Tieto hodnoty si od 6,27 do 7,57 ho-
din. Beauchemin (1992) a Miller a Hobs (1994) pouka-
zali na ovplyviovanie trvania lag fazy procesom Zuva-
nia a dokladného previhéenia krmiva. Tieto procesy
maji vyznam pre rychlost osidlovania krmiva celuloly-
tickymi baktériami a nasledni degradaciu ADV. NaSe
vysledky lag fizy preto moéZeme povaZovat za Ciastoc-
ne nadhodnotené, pretoze chyba proces Zuvania.

Oneskoreny zaciatok degradacie buneénych stien
(NDV) dokumentujii obrazky ziskané rastrovacou elek-
tronovou mikroskopiou. Z obr. 4 (po 24 hodinach in-
kubdcie) vidiet uz vyrazné naruenie rastlinnych vla-
kien a osidlenie baktériami.

Zaverom mdzeme konstatovat, Ze pomerne nizka de-
gradovatelnost organickej hmoty vyplyva z vysokého
podielu bune¢nych stien na organickej hmote a vyso-
kého zastipenia trav s nepriaznivym mikroanatomic-
kym zloZenim v nami analyzovanych vzorkach pasien-
kovych porastov.
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