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Abstract

The aim of the experiment was to analyzed coefficients of digestibility of the maize
silage nutrients in horse feeding. Horses of Slovak warmblood breed engaged in the
research were 2.5 + 0.5 years old. Horses in boxes without bedding to avoid eating it
and excrement contamination were stabled. Horses individually with ad libitum
access to water were housed. The boxes with trough for corn silage were equiped.
The corn silage contained 362.3 g of dry matter, 74.1 g of crude protein, 27.1 g of
crude fat and 948.2 g of organic matter in kg of dry matter. The feed twice a day, in
the morning and in the evening was given. The feed intake and leftovers were
weighed every day. Excrements immediately after excreting to avoid urine
contamination into plastic containers were collected and weighed. The content of
nutrients in the feed intake and in the excrements were analysed. In analysed
samples the gravimetric dry matter amount by drying at 103 + 2 °C, crude protein
content by Kjeldahl method, fat content by extraction method according to Soxhlett —
Henkel, ash content by burning the sample at 530 + 20 °C in muffle furnace and
organic matter content by calculation were determined. Coefficients of apparent
digestibility in percent from taken in and excreted nutrients were calculated. In maize
silage for horse feeding an average coefficient of digestibility of dry matter 61.94%, of
crude protein 56.03%, of crude fat 72.34% and of organic matter 65.19% was found.
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Abstrakt

Cielom experimentu bolo zistit' koeficienty stravitelnosti Zivin kukuri¢nej silazi
skrmovanej u koni. Kone zaradené do vyskumu boli plemena slovensky teplokrvnik
vo veku 2,5 + 0,5 roka. Kone boli ustajnené v boxoch bez podstielky z dévodu
zamedzenia jej pozZierania a kontaminacie vykalov. Ustajnené boli individualne, s
adlibitnvm pristunom k vode Boxv boli vvbavené Zlabom na nodAavanie kukuriénei

JOURNAL

Central European Agriculture 1298
ISSN 1332-9049



http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Vol%3A17%2BNum%3A4
http://dx.doi.org/10.5513/JCEA01/17.4.1848

PiSova et al.: Apparent In Vivo Nutrient Digestibility Of Maize Silages In Horses

silaZze. Kukuri¢na silaz obsahovala 362,3 g susiny, 74,1 g dusikatych latok, 27,1 g
tuku a 948,2 g organickej hmoty. Krmivo bolo podavané 2x denne, rano a vecer.
Prijaté krmivo a zvySky boli vazené kazdy den zvlast. Vykaly boli zberané ihned po
kaleni z dévodu zamedzenia kontaminacie mocom. Vykaly boli zberané do
plastovych nadob a odvazené. Po odobrati a analyzovani vzoriek sa zistil obsah Zivin
prijatych v krmive a vylu€enych vo vykaloch. V analyzovanych vzorkach bol
stanoveny obsah suSiny vazkovo, susenim pri teplote 103 £ 2 °C, obsah dusikatych
latok Kjeldahlovou metdédou, obsah tuku extrakénou metddou podlfa Soxhlett —
Henkela, obsah popola spalenim vzorky pri teplote 530 + 20 °C v muflovej peci a
obsah organickej hmoty vypo¢tom (susina — popol). Z prijatych a vylu€enych Zivin sa
vypocitali koeficienty zdanlivej stravitefnosti v %. V kukuri€nej silazi skrmovanej u
koni sa zistil priemerny koeficient stravitelnosti susiny 61,94%, dusikatych latok
56,03%, tuku 72,34% a organickej hmoty 65,19%.

Kraéové slova: kukuri¢na silaz, ziviny, in vivo stravitelnost, kone

Detailed abstract

The aim of the experiment was to analyzed coefficients of digestibility of the maize
silage nutrients in horse feeding. Apparent in vivo digestibility of dry matter, crude
protein fat and organic matter were determined. The research in University
Experimental Farm, Ltd in Kolifany was realized. Maize at the period of milk-wax
corn maturity was harvested and average legth of cut was 20 mm. Maize silage in
silage bunker without additives was conserved. The maize silage contained 362.3 g
of dry matter, 74.1 g of crude protein, 27.1 g of crude fat, 218.6 g of acid detergent
fiber, 443.6 g of neutral detergent fiber and 948.2 g of organic matter in kg of dry
matter. Lactic acid content was 50.2 g, acetic content 37.9 g in kg of dry matter, with
ratio of lactic to acetic acid 1.3:1. Undesirable butyric acid in maize silage was not
found. Four horses of Slovak warmblood breed engaged in the research were 2.5
0.5 years old, with average body weight 350 + 25 kg. The adaptation period was 7
days and experiment lasted 5 days. Horses in boxes without bedding to avoid eating
it and excrement contamination were stabled. Animals individually with ad libitum
access to water were housed. The boxes with trough for maize silage were equiped.
The feed twice a day, in the morning (7:00 a.m.) and in the evening (7:00 p.m.) was
given. Horses with the maize silage at the amount of 10.20 kg per day were fed. The
feed intake and leftovers were weighed every day. Excrements immediately after
excreting to avoid urine contamination into plastic containers were collected and
weighed. The content of nutrients in the feed intake and in the excrements were
analysed. Any health problems or metabolic diseases during the experiment were
observed. In analysed samples the gravimetric dry matter amount by drying at 103
2 °C, crude protein content by Kjeldahl method (mineralization, distillation, titration),
fat content by extraction method (with petroleum ether) according to Soxhlett —
Henkel, ash content by burning the sample at 530 + 20 °C in muffle furnace and
organic matter content by calculation (dry matter — ash) were determined.
Coefficients of apparent in vivo digestibility in percent from taken in and excreted
nutrients were calculated. The results were statistically analysed by an one-way
ANOVA (SAS SYSTEM V. 9.2). In vivo digestibility of dry matter ranged from 57.86
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56.03% on average, in crude fat average in vivo digestibility coefficient 72.34% was
found. Apparent in vivo digestibility of organic matter ranged from 61.09 to 68.25%,
with average 65.19%. Maize silage with good nutritional and fermentation quality is a
suitable feed for horses, mainly as part of feed rations.

Uvod

Silaz je pre kone vhodnym zZivinovo bohatym krmivom. Kvalitna silaz je chutna,
neprasi sa z nej a preto je vhodnou alternativou pre kone trpiace dychavi¢nostou.
Silaz ma vysSiu vyzivna hodnotu ako seno, preto ju nemdzeme podavat v rovhakom
mnozstve (Galik et al., 2011). Pre vyzivu koni je odporu€ané vyuzivat

silaze s vy$Sim obsahom susSiny (tzv senaze najma travne a datelinotravne),
silazované cukrovarskeé rezky, ale aj kukuri¢né silaze (Galik et al., 2013; Biro et al.,
2014), ktoré sa silazuju v obdobi mlie¢no-voskovej aZ voskovej zrelosti zrna (Strupl
et al., 2002). Skrmovanie silazi je u koni podmienené postupnym navykanim. Silaze
sa skrmuju v davke 2 — 3 kg na 100 kg Zivej hmotnosti (Horniakova et al., 2012).
Kukuri¢na silaz patri medzi krmiva sacharidového charakteru, je hlavnym
energetickym komponentom v kimnych davkach. Zbera sa technolégiou z priameho
zberu (Juracek et al., 2012a). Kukuri¢né silaze su charakteristické nizkym obsahom
dusikatych latok, preto by sa mali v kimnych davkach kombinovat’ so silazami
bielkovinového charakteru (datelinové a lucernoveé). Kukuriéna silaz je tiez deficitna
najma na obsah vapnika (Biro et al., 2014). Opatrne treba postupovat pri podavani
silaze mladym kofiom a Zrebnym kobylam. Kyslost silaZze sa da vyrovnavat
pridavkom plavenej kriedy alebo mletého vapenca (Strupl et al., 2002). Pri skrmovani
sildaZze sa znizuje riziko prasnosti. Pri dobrej hygienickej kvalite mozno silaz
porovnavat so senom, pri¢om silaz je vhodnej§ia (Simonova, 2011). Skrmovanie
kukuri€nych silazi u koni na Slovensku nie je moc zauzivané, ale niekedy sa
vyuzivaju pre vyzivu taznych koni (Halo et al. 2009).

Material a metody

Pokus sa realizoval na VysokoSkolskom polnohospodarskom podniku Slovenskej
polnohospodarskej university, s.r.o. so sidlom v Koliflanoch. Cielom experimentu
bolo zistovanie koeficientov stravitelnosti vybratych Zivin kukuri¢nej silaZze vo vyZive
koni. Kukurica na vyrobu sildZe bola zberana vo faze mlie€no-voskovej zrelosti zrna
a narezana na dizku rezanky 20 mm. Kukuriéna silaz bez pridavku aditiv bola
uskladnena v silaznom Zlabe. Na zistovanie stravitelnosti Zivin bola pouzita priama
in vivo metdda. Do bilanéného pokusu boli zaradené Styri kone (Zrebce) plemena
slovensky teplokrvnik vo veku 2 + 0,5 rokov, s priemernou Zivou hmotnostou 350 +
25 kg. Experiment pozostaval z pripravného (7 dni) a pokusného obdobia. Hlavné
pokusné obdobie trvalo 5 dni. Kone boli ustajnené individualne v boxoch, pricom
nemali pristup do vybehu. Boxy boli vybavené napajackami na vodu a kimnym
Zlabom. Kone boli ustajnené v boxoch bez podstielky z dévodu zamedzenia jej
pozierania a znecistenia vylu€enych vykalov. PoCas celého experimentu kimna
davka pre kone pozostavala len z kukuricnej silaze. Kone boli kimené 2-krat denne,
rano o 7:00 hod. a veCer o 19:00 hod. Pristup k vode mali ad libitum. Kimne davky a
zvySky krmiva sa vazili a zistoval sa priemerny denny prijem. Rovnako aj vykaly boli
zberané do plastovych nadob hned po kaleni. V odobratych vzorkach silaze, zvySkov
a vykalov bol stanoveny obsah organickych a anorganickych zivin. Odobraté
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priemerné vzorky sa analyzovali Standardnymi laboratérnymi metédami (AOAC,
2000) v Laboratoriu kvality a nutricnej hodnoty krmiv na Katedre vyzivy zvierat FAPZ
SPU v Nitre. Obsah susiny (S) bol stanoveny vysuSenim pri teplote 103 + 2 °C,
ubytok hmotnosti sa stanovil vazenim. Dusikaté latky (NL) sa stanovili na zaklade
obsahu dusika stanoveného Kjeldahlovou metédou na pristroji Kjeltec (fi.
TECATOR), pricom NL = N*6,25.

Obsah tuku (T) sa stanovil extrakénou metddou (petroléterom) podla Soxhlett -
Henkela pomocou pristroja Soxtec (fi. TECATOR) a zvazenim vysuSeného
petroléterového extraktu. Obsah popola (Po) bol stanoveny vazkovo po spopolneni
vzorky pri teplote 530 + 20 °C v Muflovej peci. Vypoctom sa stanovil obsah
organickej hmoty (OH): OH = S — Po. Obsah Bezdusikatych latkok vytazkovych
(BNLV) bol stanoveny vypo¢tom: BNLV =S — (NL + T + VL + Po). V kukuri¢nych
silazach sa okrem uvedenych Zivin stanovil obsah vilakniny (VL) metédou podla
Hennenberg - Stohmanna na pristroji Fibertec (fi. TECATOR), obsah
acidodetergentnej vlakniny (ADV): hydrolyzou vzorky v kyslom roztoku
cetyltrimetylamonium-bromidu na pristroji Fibertec (fi TECATOR), obsah
neutralnedetergentnej viakniny (NDV): hydrolyzou vzorky laurylsulfatom sodnym
v neutralnom roztoku na pristroji Fibertec (fi TECATOR).

Kyselina mlie€na, kyselina octova a kyselina maslova boli stanovené v upravenom
vodnom vyluhu silaze izotachoforetickou metédou pomocou analyzatora EA 100 (fi
VILLA LABECO), hodnota pH: elektrometricky a obsah alkoholov vo vodnom vyluhu
silaze mikrodifuznou metddou, jodometrickou titraciou.

Na konci experimentu bol vypocitany priemerny denny prijem prijatych a vylu¢enych
Zivin u v8etkych koni. Z rozdielu medzi obsahom prijatych Zivin v kfimnej davke

a vylu€enych zivin vo vykaloch sa vypocitali koeficienty zdanlivej stravitelnosti (KS) v
% podla vzorca:

Zivina prijata v krmive — Zivina vylu¢ena vo vykaloch
KS = *100
Zivina prijata v krmive

Stanovili sa koeficienty stravitelnosti susiny, dusikatych latok, tuku a organickej
hmoty. Zakladné Statistické parametre boli vyhodnotené v programe SAS (SAS
SYSTEM V. 9.2) pouzitim jednosmernej ANOVY.

Vysledky a diskusia

V skrmovanej kukuri¢nej silazi sa zistil obsah susiny 362,3 g*kg' (Tabulka 1.), ¢o je
v sulade s odporu¢anim Owensa (2008), ktory uvadza optimalne rozpatie obsahu
susiny od 300 do 400 g*kg™'. V kukuri¢nej silazi pouzitej v naSom experimente sa
zaznamenal nizky obsah dusikatych latok (74,1 g*kg-'! susiny). Mikyska (2013)
porovnavanim kvality kukuriénych silazi vyrobenych v CR v rokoch 1997-2012 zistil
rozpatie obsahu dusikatych latok od 74,5 do 88,3 g*kg™' susiny. V analyzovanej
kukuri¢nej silazi sa zaznamenal obsah tuku 27,1 g*kg! susiny. Petrikovi¢ et al.
(2000) uvadzaju priemerny obsah tuku v kukuri¢nych silaZzach 32 g*kg-! susiny
(n=3838). Priemerny obsah acidodetergentnej vliakniny bol 218,6 g*kg-! susiny.
Juracek et al. (2012a) porovnavanim kukuri¢nych silazi roznych hybridov
zaznamenali rozpatie obsahu NDV od 308,5 do 416,5 g*kg™" susiny. V skrmovanej
e , ) o] cr ) L
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v kukuri€nych silazach s obsahom susiny 30,4-39,4% rozpatie obsahu ADV od 208
do 245 g*kg™' susiny a NDV od 399 do 469 g*kg™' susiny.

Kukuri¢na silaz obsahovala v 1 kg suSiny 51,8 g popola. Potvrdili to aj vysledky
Ferreira a Mertensa (2005), ktori zistili priemerny obsah popola v kukuri¢nych
silazach 51 g*kg' susiny. V analyzovanej kukuri¢nej silazi sa zaznamenal obsah
bezdusikatych latok vytazkovych 648,8 g*kg-! susiny. Takmer identicku priemernu
hodnotu BNLV 647,42 g*kg-' suSiny (v sildzach s obsahom susiny 35-40%) potvrdili
aj vysledky Vrskovej a Bencovej (2011). Kukuri¢na silaz obsahovala v 1 kg suSiny
948,2 g organickej hmoty.

Table 1. The nutritive value of maize silage
Tabulka 1. Vyzivna hodnota kukuri¢nej silaze

DM CP F CF ADF NDF A NFE OM

(1) (2) (3) (4) () (6) (7) (8) (9)
X 3623 741 271 1983 2186 4436 51.8 648.8 948.2

(1) dry matter in g*kg™, other nutients in g*kg™' of dry matter, (2) crude protein, (3) crude fat,

(4) crude fiber, (5) acid detergent fiber, (6) neutral detergent fiber, (7) ash, (8) nitrogen-free extract,
(9) organic matter, X : average

(1) susina v g*kg',ostatné ziviny v g*kg-'susiny, (2) dusikaté latky, (3) tuk, (4) vlaknina, (5)
acidodeterfentna vliaknina, (6) neutralnedetergentna vlaknina, (7) popol, (8) bezdusikaté latky
vytazkoveé, (9) organicka hmota, X : priemer

V skrmovanej kukuri¢nej silazi bol priemerny obsah kyseliny mlie¢nej 50,2 g*kg-"
(Tabulka 2.). Podla Chahine et al. (2009) je ziaduca koncentracia kyseliny mlie¢nej
v kukuri€¢nych silazach vysSia ako 4%. V kg povodnej hmoty mala kukuri¢na silaz
vysSi obsah kyseliny mliecnej ako 10 g (konkrétne 18,2 g). V kukuri¢nej silazi bol
zaznamenany obsah kyseliny octovej 37,9 g*kg-'susiny, pricom pomer kyseliny
mlie€nej ku kyseline octovej bol 1,3:1. Kukuri¢na silaz neobsahovala neziaducu
kyselinu maslovu. Juracek et al. (2012b) zhodne v kukuriénych silazach zo
zapadoslovenského regionu analyzovanych v roku 2009 a 2010 nezaznamenali
pritomnost kyseliny maslovej. Hodnota pH kukuriénej silaZe bola 3,97. Skultéty
(1999) uvadza, ze optimalna hodnota pH v kukuri€nych silazach by mala byt

v rozpati 3,7 az 4,3. Obsah alkoholov mal priemernt hodnotu 13,9 g*kg-'susiny.
Vrskova a Bencova (2011) zistili v kukuriénych silazach s porovnatelnym obsahom
susiny rozpatie obsahu alkoholov od 0,29 do 11,53 g*kg-'susiny.

Table 2. Fermentation parameters of maize silage

Tabulka 2. Fermentacné parametre kukuri€nej silaze

LA* AA* BA* pH Alc*

(1) (2) (3) (4) (5)

X 50.2 37.9 - 3.97 13.9
(1) lactic acid, (2) acetic acid, (3) butyric acid, (4) pH value, (5) alcohols, * in g*kg™* of dry matter,

X : average
(1) kyselina mlie€na, (2) kyselina octova, (3) kyselina maslova, (4) hodnota pH, (5) alkoholy,
*v g*kg' susiny, X : priemer
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PocCas experimentu neboli u sledovanych koni zaznamenané Ziadne metabolické,
alebo zdravotné problémy. V hlavhom obdobi kone prijali v priemere 10,20 kg
kukuri¢nej silaze s obsahom susiny 36,23%. Podfa DuSeka et al. (2007) je
odporucana denna davka kukuri¢nej silaze 10-15 kg. Prijem susSiny u koni zavisi
predovSetkym od ich Zivej hmotnosti, pri€om sa pohybuje v rozpéti od 1,4 do 3,9% zo
zivej hmotnosti podla Zemana et al. (2005) a od 1,5 do 2,5% zo Zivej hmotnosti
podla NRC (2007). VysSie hodnoty su pre tazné kone, nizSie hodnoty pre jazdecké
kone. Kone v priemere vylucili 6,37 kg vykalov. V pokuse sa pri skrmovani kukuri¢ne;j
silaze klasickou metédou in vivo zistil priemerny koeficient stravitelnosti susiny
61,94% s min. hodnotou 57,86% a s max. hodnotou 66,11% (Tabulka 3.), o je
porovnatelné s vysledkami Blazkova et al. (2012), ktori zistili priemerny koeficient
stravitelnosti susiny 65,15% (min. 62,81% a max. 68,82%). Bergero a Peiretti (2011)
zistili priemerné in vivo koeficienty stravitelnosti susiny u lu¢neho sena 57,8% (suSina
sena 901 g*kg') a u travnej senaze 53,9% (susina senaze 585 g*kg'). Zisteny
koeficient stravitelnosti dusikatych latok bol 56,03%. Zeman et al. (2005) uvadzaju
koeficient stravitefnosti NL kukuri¢nych silazi 63,9%. Kukuri¢na silaz sa vyznacuje
nizkym obsahom tuku. Jeho obsah zavisi najma od hybridu kukurice, fenologickej
fazy v Case zberu a jeho obsah je v rozpati 20 - 70 g v 1 kg suSiny (Mir, 2004).

V nasom experimente sa zistil priemerny koeficient stravitelnosti tuku 72,34%.
61,09% a najvyssi 68,25% s priemernym koeficientom 65,19%. Zhodne s nasimi
vysledkami Blazkova et al. (2009) zistili priemerny koeficient stravitelnosti organickej
hmoty v kukuri¢nej silazi 65,94% (min. 63,41% a max. 69,94%).

Table 3. In vivo digestibility coefficients of maize silage (in %)

Tabulka 3. In vivo koeficienty stravitelnosti kukuriCnej silaze (v %)

DM CP F oM

(1) (2) (3) (4)
X 61.94 56.03 72.34 65.19
S.D. 4.13 5.37 1.27 3.69
Min. 57.86 52.23 71.51 61.09
Max. 66.11 59.83 73.80 68.25

(1) dry matter, (2) crude protein, (3) fat, (4) organic matter, X : average, S.D. : standard deviation,
Min.: minimum, Max.: maximum

(1) suSina, (2) dusikaté latky, (3) tuk, (4) organicka hmota, X : priemer, Min.: minimum,

Max.: maximum

Zaver

Ciefom experimentu bolo zistit’ koeficienty zdanlivej stravitelnosti susiny, organickej
hmoty, dusikatych latok a tuku v kukuri¢nej silazi skrmovanej u koni. Vysledky
potvrdili priemerny koeficient stravitelnosti dusikatych latok 56,03%, susiny 61,94%,
organickej hmoty 65,19% a tuku 72,34%. Kukuri¢na silaz s dobrou nutri¢nou

a fermentacnou kvalitou je vhodnym krmivom pre kone, najma ako su€ast’ kimnych
davok.
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