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Production and finalization of the milk in the EU

KUCERA J!'?
! Czech Fleckvieh Breeders Association, U TopirdPréha 7, kucera@cestr.cz
2Mendel University Brno, Zefdélska 1, 613 00 Brno

The world cow milk production is constantly incriegsand based on the estimations will reach in
2010 585 mil tons. However the trend of increase teen slowing down since 2005. In 2008 it only
reached 1.6 %, there is the estimation for 2009®dhly.

Rather low increase of the total milk productioreigected for the year 2010. In the Oceania and
especially in Australia this year’s production faysng markedly below the expectations. In the bS t
increasing trend was interrupted during the fall2@nd the prognosis for 2010 confirms a long-term
interruption of the above mentioned trend.

In the most important parts of Latin America (Argjea, Brazil and Mexico) a stagnation of the
milk production up to a small decline of the pratimt is also confirmed for the year 2010.

India produced in 2009 more milk compared to the&Mut the increased production is covering
the increasing consumption of the milk in the coymtith permanent increasing number of inhabitants.
There is an inconsistent information available fr@hina According to the increasing volumes of
imported SMP in China the decreasing trend of rallk production is expected. In Russia the incregsin
trend in the self-sufficiency level in milk is exgied thanks to state support schemes.

European Union is the biggest milk producers inwloeld with ca 148 mil tons of milk, followed
by India, US and China.

In 2008 the decrease of the cows was stopped iBthand Russia. The number of cattle in the EU
(December 2008): 86,3 mil of heads, of which 23ilk aairy cows and 11,7 beef cows are registered.

Developmwnt of the total milk production in the wor Id
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However the additional milk quota was availablettom EU market the total milk collections of the
period jan-sep 2009 compared to jan-sep 2008 demday -0,32 %.

The international market in 2008 decreased, the W@&fe the only exception. More SMP were
traded, less cheeses and butter. EU stayed initioposf the biggest exporter (12.5 mil tons of knil
equivalent), followed by New Zealand (11.8 T ME@yahe US (6 mil T MEQ).

During the summer 2009 the international tradeddrap. Mainly due to higher demand for skin
milk powder and butter.

The interventions stocks of the EU represent 76t868 of butter in intervention stock and 25 561
tons in private storages. In the intervention gfesaof the EU the biggest amount of SMP since 12&0
been stored — 257 788 tons (7.1. 2010).

Consumption and trade with the milk and milk praduare more and more depending on the
current economical situation and in the future kigkolatility is expected. Consumption is highly
sensitive on the retail-price level and is veryatiént in the particular EU member states.

The total per capita consumption of milk produetaahed the average of 101,6 kg in the whole
world in 2008. Cheese consumption per capita irEtHaepresent 17,9 kg, compared to 15.0 kg in US or
11.8 kg in Australia (data 2008).

Milk and milk products consumption per capita (with out butter) in the EC countries
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The system of common agriculture policy after 2@&l8rucial for the milk producers in the EU in

the future. Especially for the new member states gholition of the current dual and discriminating
common agricultural policy is necessary.
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Forage conservation in mountainous regions — resusltof the Austrian silage
monitoring project

POTSCH E.M., RESCH R., BUCHGRABER K.
Agricultural Research and Education Centre (ARE@)Rberg-Gumpenstein,
Altirdning 11, 8952 Irdning, Austria
Tel.: ++43 3682 22451 315, e-mail: erich.poetsch@riberg-gumpenstein.at

Introduction and field of problems

Grassland is the most important culture in Ausara covers up to 95% of the agricultural used
area in mountainous regions. In these disadvantageak grassland and dairy farming represents the
main source of agricultural production which is rettaerised by harsh conditions of climate, topolyap
and infrastructure. In EU-27 Austria is still numlm@e in organic farming (20,100 farms, 13% of Ad%)
which most are grassland farms. Another 40,000staad farms participate in a special measure of the
Austrian agri-environmental program “OPUL” and atade yield increasing products like mineral
nitrogen fertiliser or herbicides (POTSCH 2009). d#lof grassland and dairy farms therefore follow
a low-input strategy focussing on the efficient eédarm internal resources, namely farm manure and
forage from meadows and pastures (POTSCH 2007).

Even disadvantaged areas are supported by the a@nogf Rural Development there is an
increasing economical pressure on farms to redostsclt is evident that about two third of theatot
costs in livestock production are caused by feedingf (GREIMEL 2002, POTSCH et al. 2007,
STOCKINGER 2009). Grazing is known the cheapestaof forage but is strongly limited by short
vegetation and long winter periods (up to 7 monthghountainous regions. Therefore sufficient ferag
conserves have to be produced for the indoor antewfeeding period. The total yield from Austrian
grassland was 8.9 Mio. tons of dry matter in 200&/ich about 4.7 Mio. tons were conserved as hay,
aftermath hay and silage. The proportion of silageluction has increased continuously from 12% t
seventies to 72% nowadays. It has to be considira@din some specified regions of Austria silage
production is not allowed for reasons of hard chepsoduction (10,235 farms running 115.400 ha
grassland). The higher costs occurring on thesmsfaare compensated by a special measure within
OPUL.

Since forage conservation results in high codtshal more it is very important to obtain high
quality of hay and silage. AREC Raumberg-Gumpenskeis therefore conducted a number of field
studies and experiments on silage quality coveengide range of different aspects (e.g. impact of
vegetation, pre-wilting, harvesting techniques anditives on the fermentation process and on silage
quality). a strong effort was given on the advisseyvice to introduce scientific findings into agidtural
practice (BUCHGRABER et al. 2003; 2008). In 200silage monitoring project was initiated by AREC
Raumberg-Gumpenstein in cooperation with the atjtical chambers (STEINWIDDER 2003; RESCH
and STEINWIDDER 2005, RESCH 2008a, RESCH 2008b)s finoject is aiming at the survey and
analysis of silage quality in practice both to itiigrproblems and to offer specific solutions. Tresent
paper is presenting results of this project andtsaut weak points to be worked on in future.

Material and Methods

The Austrian silage monitoring project startedtfirs 2003 and was repeated in the years 2005,
2007 and 2009. Seven of the nine Federal proviotAsistria participated in this project with at 8l670
silage samples. In addition to the silage sampdirmpmprehensive collection of management data (e.g.
farming type, grassland type, harvesting time gsilaystem, mowing system, chopping length, charging
procedure, use of silage additives) was done bynmed questionnaires. The silage samples were
analysed for dry matter content, crude nutrientEBNDER-analysis), minerals, energy concentration
(GRUBER et al. 1997 according to DLG 1997) and femtation quality. a drilling core was taken from
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the different silo systems to determine the compadevel of the silages. Statistical data analysese
done by using Statgraphics-Plus (Version 5.1) fen&al Linear Model — procedures respectively SPSS
(Version 12.0) for descriptive analysis. For the Msprocedure fixed effects at different levels and
guantitative factors were used (Table 1).

Table 1: Description of the fixed effects usechmAustrian silage monitoring project

fixed effects variation/groups

abdication of yield non-participation in
farming system organic ecopoint-system increasing products ~ OPUL
year 2003 2005 2007 2009
growth 1° growth 2" growth 3" growth other
grassland type permanent, red clover, clover-grass mixture, lucerne-grass, lucerne
mowing system cutter bar, drum mower, disk mower, mowing conditioner
cutting height <5cm 5-7cm >7cm
tedding frequency 0 1 2 >2
cutting time moming midday aftemoon evening
harvesting time (hours) <6, 6-12, 12-24, 24-36, >36
weather conditions no rain rain
silo system bunker silo silo heap tower silo silo bales
harvesting technique cutter forage harvester (2), self loading wagon (2), silo press (2)
chopping length (cm) <3, 3-6, 6-10, 10-20, >20
compaction level (kg DM/m3) <100, 100-150, 150-200, 200-250, >250
silage additives no additives, acids and salts, bacteria additives, others
sample packaging vacuum package, non vacuum package

Results and discussion

Silage quality is mainly characterised by nutritivadues, fermentation parameters and by sensory
properties which can additionally provide importarformation concerning hygienic and acceptance of
feed intake. Table 2 presents target values fod gnality grass silages which should be aimed at in
practice. The content of crude fibre is indicatthg vegetation stage that in general has a veongtr
impact on forage quality. In contrast to intengivassland regions of Europe, most of Austrian ¢mass
is permanent grassland with a high number of diffespecies of grass, legumes and herbs. The ¢onten
of crude protein of silages is normally rangingwexn 130 and 160 g/kg DM. Previous studies showed
that the contamination of forage and silage wittihgamaterial is a very crucial aspect in practedigh
content of ash not only decreases digestibility anérgy concentration but very often also causes
misfermentation resulting in high concentration baftyric acid. All samples of the Austrian silage
monitoring project have been evaluated by mearntbefmnentioned target values and were additionally
rated in terms of colour, texture and olfactor2009 (results of sensory evaluation are not presieint
this paper).

Table 2: Target values of silage and fermentatiarameters

parameter/unit target value
pre-wilting level (g DM/kg FM) 300-400
crude fibre (g/kg DM) <270
crude protein (g/kg DM) > 120
ash (g/kg DM) < 100
digestibility of organic matter (%) >70
energy concentration (MJ NEL/kg DM) >5.8
lactic acid (g/kg DM) 20 - 60
acetic acid (g/kg DM) max. 30
butyric acid (g/kg DM) max. 3
protein degratation (% NH 4-N of total N) <10
DLG (silage quality points) > 70
-5-
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Nutrient and energy concentration of grass silages

Data analyses presented in Table 3 show that agnagtortion of the silages are well pre-wilted at
an average content of 374g DM/kg FM. Nearly 60%hef samples met the given target range of 300 to
400 g DM per kg FM, 13% were below it. Whereas tiygrears ago the production of wet silages was
standard, a tendency to higher pre-wilting leveld aven to the production of haylage can be noticed
nowadays (BUCHGRABER et al. 2003). More and moneméas are handling forage conservation
(especially production of big bales) with the assise of machinery rings. Due to an accumulated
demand at the main harvest period serious prob¥gthstiming occur and often result in a much higher
dry matter content than aimed at. The three paaking factors of the multivariate analyses for Eié-
content were weather conditions at harvest (1)r {8pand growth (3). The average content of 262 g
crude fibre and 148 g crude protein per kg DM iatkcthat most of the forage was harvested early
enough at the time of ear and panicle emergendbeofnain grasses. But there are still a remarkable
proportion of samples (38%) with a high contentfde fibre that causes problems in the fermemtatio
process and leads to lower digestibility and eneagcentration in forage. Some farmers are stdlthat
especially harvesting the first growth for gaininigher yields and then they sometimes have to foait
even two or three weeks until the next fair weatheiod.

There was a significant impact of the cutting heigh the content of ash in silages, which on
average was at 104g/kg DM with a standard deviatib@2g. These results clearly show that the ash
content in practice is still too high and some farsnseem not to be aware of mistakes in management.

Two third of the silage samples had an energy aunaton between 5.6 and 6.3 MJ NEL per kg
DM. Nearly 70% fulfilled the requirements of > 5\ NEL per kg DM which can be seen as a good
basis for sufficient milk or fattening performanéem forage. Energy concentration was mainly
determined by crude fibre and ash content but laysthe number of growth whereupon the first growth
reached more than 6 MJ NEL/kg DM on an averageadtto be considered that using the GLM as fitted
the coefficient of determination only explained tg about 40% of the variability of the different
parameters (RESCH 2008). Even a number of influgndactors were used there are still lack of
explanation respectively open questions. One pnoldeuld be the quality and reliance of information
that is provided by questionnaires where sometiuliféerences between the real situation on the fangh
the subjective perception of the farmers occur (BOM and GROIER 2005). Another black box is the
botanical composition of the plant stand that canm® provided in such detail which normally is
available for exact field trials. It is well knovthat the botanical compaosition of grassland hasoang
impact on the content of minerals and thereforeasin but there is also a wide but mostly unknown
influence of secondary plant metabolites (GIERUS&I€2007). Another weak point is the fact thatfye
contamination is not only determined by mineratttgasubstances but also by organic material froih s
or dung which is not represented by the ash cofREBECH 2007). Grasslands on boggy or semi-boggy
soils which are widespread in mountainous vallegsy/often show a high activity of moles and voles
resulting in lots of earth heaps leading to foragetamination with organic material and clostridia.
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Table 3: Impact of fixed effects and quantitati@etdrs on nutrient and energy concentration of ggis.

(GLM-analyses of data from the silage monitoringjpct in Austria, 2003/2005/2007/2009)
param eter dry matter crude protein crude fibre ash energy
unit [g/kg FM] [g/kg DM] [g/kg DM] [g/kg DM] [MJ NEL/kg DM]
mean value 3743 148.3 262.2 103.6 5.96
standard deviation 74.1 19.6 26.7 21.6 0.34
Rz in % 16.8 37.4 39.1 19.3 85.9
fixed effects (level) P-value (significance if < 0.05)
farming system (4) 0.227 0.000 0.000 0.000 0.327
year (4) 0.000 0.000 0.000 0.000 0.099
growth (4) 0.000 0.000 0.000 0.000 0.000
grassland type (5) 0.006 0.000 0.000 0.000 0.000
mowing system (4) 0.014 0.000 0.000 0.000
cutting height (3) 0.339 0.000 0.003
tedding frequency (4) 0.028 0.159 0.025 0.008
harvesting time (5) 0.000
weather conditions (2) 0.000 0.248 0.004 0.137 0.819
silo system (4) 0.345 0.014 0.891 0.778
harvesting technique (6) 0.000 0.068
chopping length (5) 0.535 0.732 0.645 0.246
compaction level (5) 0.036
silage additives (4) 0.329
Quantitative factors
dry matter (p-value) 0.000 0.000 0.000 0.000

mean value[g/kg FM] 377.3 377.2 377.4 377.2

regressions coefficient [g/kg resp. MJ NEL] -0.0024 -0.024 -0.028 -0.0002
crude protein (p-value) 0.000 0.000
mean value [g/kg DM] 148.7 148.9
regressions coefficient [g/kg resp. MJ NEL] -0.705 0.001
crude fibre (p-value) 0.543 0.000 0.000 0.000
mean value [g/kg DM] 263.8 264.1 263.8 263.7
regressions coefficient [g/kg resp. MJ NEL] 0.033 -0.397 -0.251 -0.01
ash (p-value) 0.000 0.000 0.000
mean value[g/kg DM] 103.0 103.0 103.3

regressions coefficient [g/kg resp. MJ NEL] -0.149 -0.385 -0.0093

prior-ranking factors

Fermentation properties of grass silages

Beside nutrient content and energy concentratiosilafje, parameters of fermentation also are of
great interest. The analyses of these data arergegsin Table 4. The quick reduction of the pHieabn
a stable level is seen a basic criteria of laatid &rmentation and of microbiological stability silage
(ADLER 2002; POTSCH und RESCH, 2002). The overairage pH-value of 4.48 corresponds well
with the critical pH-value for silages pre-wilteétiveen 30 — 40% DM (WEISSBACH und HONIG
1992; WEISSBACH 2002). Beside the package systenthefsamples the content of crude fibre
(vegetation stage) and ash (contamination) werestifoegest significant factors that influenced pive
value. Whereas the content of dry matter had arpeuwed slight impact on the pH-value of the sitage
the time between baling and wrapping showed afsigni and strong influence.

Two third of all samples met the recommended rarfgbe concentration of lactic acid and acetic
acid which was strongly determined by the pre-ngtievel but also by the year of investigation. The
analyses for butyric acid showed that only 25%hef $amples were below the given limit of 3g per kg
DM! There was a significant and strong relationshgtween butyric acid concentration and the pre-
wilting level as well as with crude fibre and agintent. By means of the used GLM-procedure at least
38% of the variability of butyric acid concentratioould be explained. Concerning the fact that rbst
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the analysed silages showed disappointing highergration of butyric acid, farmers have to be aglis
of management mistakes and weak points repeate@$CH 2009).

The degradation rate of crude protein to ammonia loa seen as a quality indicator of the
fermentation process (WEISSBACH und HONIG 1992)e Tgroportion of ammonia related to total
nitrogen should not exceed 10% and the analyseseshthat this requirement was fulfilled by 75% bf a
silage samples. Nevertheless protein degradatiorfurther be decreased by the reduction of chopping
length (management) but also by optimal weatheditioms. In the meantime protein degradation is no
longer used as criteria for the DLG- silage clasaifon.

For about 20% of the investigated grass silage#tiaeisl were used to improve the fermentation
process and to increase silage quality. In orgémining some special groups of silage additivesnate
allowed to be used, namely salts and most combimeducts which are in general recommended for
unfavourable conditions (bad weather periods, coimated and old plant material). Silage additives
based on homo-fermentative and hetero-fermentéi@ateria may also be used in organic farming. In
Austria the use of silage additives is mostly edlato the regulations of the DLG-quality label
occasionally added by own national tests (RESCH32DCResults from silage experiments at AREC
Raumberg-Gumpenstein have shown that under optiomalitions a successful fermentation process with
high silage quality can be achieved without using additives. From other field studies it is knothat
farmers often misuse silage additives and sometiimeg are convinced that the use of additives can
compensate mistakes in management.

Concerning energy concentration no significant afigf silage additives could be found in the
Austrian silage monitoring project even a significanfluence on the concentration of fermentatiods
occurred. Silages with bacteria products had adnigiontent of lactic acid (+ 6.2 g/kg DM) and
a significant lower concentration of butyric acid.

Table 4: Impact of fixed effects and quantitatizgetdrs on fermentation parameters and feed quality
silages (GLM-analyses of data from the silage nwoimg project in Austria, 2003/2005/2007/2009)

parameter pH value lactic acid acetic acid | butyric acid ammonia DLG-value
unit [g/kg DM] [a/kg DM] [g/kg DM] | [% of total N] (0-100)
mean value 4.48 43.8 11.6 10.9 8.4 75.8
standard deviation 0.35 24.4 7.1 9.6 4.8 19.9
R2 in % 23.1 14.3 14.6 38.5 20.2 40.1
fixed effects (level) p-value (significance if <0.05)

farming system (4) 0.070 0.013 0.012 0.019 0.216 0.024
year (4) 0.000 0.000 0.000 0.033 0.000 0.000
growth (4) 0.001 0.168 0.101 0.000 0.067 0.000
grassland type (5) 0.006 0.001 0.000 0.001 0.024 0.021
cutting height (3) 0.094 0.007 0.912 0.043 0.539 0.006
weather conditions (2) 0.369 0.596 0.043 0.044 0.000 0.008
silo system (4) 0.000 0.000 0.269 0.000 0.051 0.000
chopping length (5) 0.001 0.046 0.000 0.000 0.000 0.000
compaction level (5) 0.006 0.004 0.532 0.027 0.457 0.003
silage additives (4) 0.000 0.004 0.000 0.000 0.083 0.000
sample packaging (2) 0.000 0.410 0.634 0.024 0.410 0.347

quantitative factors

dry matter (p-value) 0.000 0.000 0.000 0.000 0.000 0.000
mean value[g/kg FM] 378.2 374.6 374.6 374.6 374.6 374.6

regressions coefficient [pH value, g/kg resp. MJ NEL] 0.001 -0.039 -0.018 -0.051 -0.015 0.073

crude fibre (p-value) 0.000 0.000 0.165 0.000 0.000 0.000
mean value [g/kg DM] 265.5 265.6 265.6 265.6 265.6 265.6

regressions coefficient [pH value, g/kg resp. MJ NEL] 0.003 -0.132 -0.009 0.089 0.048 -0.189

ash (p-value) 0.000 0.000 0.516 0.000 0.000 0.000
mean value[g/kg DM] 103.2 103.7 103.7 103.7 103.7 103.6

regressions coefficient [pH value, g/kg resp. MJ NEL] 0.004 -0.130 0.005 0.070 0.032 -0.136

prior-ranking factors
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Classification of grass silages

Fermentation properties can also be used to eeasilaige quality by DLG-points (WEISSBACH
und HONIG 1992) resulting in a classification systeanging from 1 = excellent to 5 = very bad). 58%
of the silage samples reached > 70 DLG-points amdhe judged good to excellent. Additionally the
tested silages were classified by means of seldetggt values of silage and fermentation pararseter
presented in Table 2.

Figure 1: distribution of grass silages concernipe-wilting level and crude fibre content expregsin
vegetation stage (data of the Austrian silage nooimiyy project, 2003/2005/2007/2009)
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35% of all analysed forage samples (n=3,679) waredsted well-timed and pre-wilted between
the recommended range of 300-400 g DM. When theriiof forage contamination (ash content > 100
g) are added as a very important issue the pegerdhoptimal grass silages is reduced to 14%! Of
course it can be discussed if the strictness efdlaissification is too high but we must not forthett the
silage samples of this monitoring project are pbbpthe premium third. No farmer would send in géda
of bad quality for this monitoring project which a the same time a silage competition. These teesul
therefore very clearly show that there is bothck laf knowledge in practise respectively advisory
demand and a high potential of improvement conogrfirage and silage quality.

Conclusions

For grassland and dairy farmers following a lowtingtrategy it is essential to reduce farm-
external feedstuffs and to optimise the qualityhofme-grown forage from meadows and pastures. The
results of acomprehensive monitoring project oiggth and conducted by AREC Raumberg-
Gumpenstein shows that there is a considerablenfitén Austria to improve silage quality in prie.
Apart from unfavourable natural weather conditions mountainous areas the main reasons for
unsatisfying silage quality are obvious in managanmeistakes. Too late harvest time resulting irhhig
content of crude fibre, low concentration of easynfentable sugar and serious problems with the
compaction of such bulky material is still a bigplem in practice. Forage contamination resultmgn
increased risk of clostridia respectively butyricidain the fermentation process is another serious
problem that has to be faced with.

During the last years the mechanisation chain ftags production has improved a lot and
a growing number of farmers make demands on thénimexy rings to process ensiling. In many cases
the charging of the silos on farms become the drmtk and time is too short to ensure sufficient an
proper compaction of the applied material.

Strong efforts have to be made to advise farmeecipally how to improve the ensiling
procedure and to increase silage quality by meérfield days, working teams, leaflets and articles.
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Changes in management and avoiding mistakes misthot cause any extra costs, which is a clear and
understandable argument to farmers.

How can science and research institutes contritiutbe known issues? Exact silage experiments
focus on specific questions, which can be workedioder controlled conditions and environments and
are therefore still essential. Additionally fieltudies like the introduced monitoring project pitevi
important data and findings reflecting the situatin practice. Such projects can identify weak pgin
show trends both negative and positive and proaigeod basis to react precisely on the actual pnogl

Beyond chemical and microbiological analyses wrach generally used to evaluate forage and
silage quality, sensory properties like colourtiex and olfactory could provide important addiibn
information concerning feed intake and feed acee@aUp to now there is no sufficient implementatio
of the sensory rating into the feed value systahis-could be an interesting challenge.
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Abstract

The aim of the present study was to investigateitifieence of genotypic variations and of
physiological maturity of maize on chemical comgosi, in vitro digestibility and ruminal degradability
of the residual maize plant. Fourteen differentaeajenotypes were assigned into three maturitypgrou
and harvested at four different harvest dates f(udipg on the dry matter content of the kernels)l\Ea
maturing varieties were allotted into maturity gpdu(S210-S220), mid-early maturing varieties tougy
Il (S230-S250) and mid-late varieties to group(8260-S280). Chemical components of the cell wall a
crude fibre (CF) and detergent fibre fractions (NAPF, ADL) were quantified in the residual plant
(RP). Ruminal degradability of DM and NDF in RP wadstermined by the in situ metholh vitro
digestibility (ELOS) and gas production capacityP|Gvere also determined. From the obtained data we
observe that the evaluated maize varieties of ritpgnoup | had lower cell wall contents and thighter
ruminal DM degradability as well as highier vitro digestibility than maturity groups Il and Il ate
same stage of physiological maturity. This indisdta all varieties of the present investigatiobeaefit
for the early varieties due to a longer period afvlst in comparison to the later maturing vargetie
Differences in cell wall contents did become moppaent with later stages of physiological maturity
(later harvest dates). There was a strong negatiegaction between NDF content and ruminal DM
degradability of the plants stover (r=-0.81) wherea interaction was found between NDF content and
ruminal NDF degradability. Also, no significant abnship between lignin contents and ruminal
degradability of DM and NDF could be investigated.
Keywords: Maize stover — carbohydrate composition — rumirgredability — Maize silage maturity

Introduction

Maize silage is one of the most important foraggsrin ruminant nutrition. During maturity of the
maize plant a strong change in chemical compositind in ruminal degradability of residual plant
appears. But the residual plant did not demanddereeattention in the last years (Givens and Okgvi
2001). Thus the feeding value of maize silage cdgdmassively influenced in a positive way by
improving the residual plant of maize. The objeetiof this study was to examine the influence of
different genotypes on the extent of the changakd¢@mbove mentioned factors. The results weretdoug
to clarify which chemical components of the plaetl gvalls interact with the feeding value of maemed
which traits are potentially important for planebders to improve the overall feeding value.

Material and Methods

Fourteen different maize hybrids (Monsanto AgramuBehland, GmbH) were included in the
investigation to adequately cover genotypic valigbiVarieties were separated into three maturity
groups. The very early to early maturing varieti&se assigned to maturity group | (MG |; S210-S220;
n=4 varieties), mid-early maturing varieties towdl (MG Ill; S230-S250; n=5 varieties) and thedmi
late maturing varieties to maturity group Ill (M@; >S260; n=4 varieties). The cultivation of siylrids
was repeated for three harvest years (2004, 2002@06) to exclude potential environmental effexts
growth and cell wall development. All hybrids wdrarvested at four harvest dates which were decided
by the dry matter content of the grain. Harvestquetook about 6-8 weeks from beginning of Septambe
to end of October in all harvest years. The drytenatontent of the grain for each harvest date seast
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to be 48-52% for the®harvest (HD 1), 54-58% for thé&%harvest (HD 2), 60-64% for th&'3HD 3) and
65-70% in the last harvest date (HD 4). Theseritgere kept for all varieties in all three yetrsreby
reproducing the physiological development of thevet. The residual plant (RP) was separated.
Chemical components of the cell wall as crude f{@€) and detergent fibre fractions (NDF, ADF, ADL)
were quantified. Ruminal degradability of DM in RRs determined by the in situ method (Flachowsky
et al., 1988; Madsen and Hvelplund, 1994). Degiadatrofile of DM was fitted to an exponential mbde
to calculate the effective ruminal degradabilitgasing a passage rate of 6% (EDM6). Ruminal
degradability of NDF at a passage rate of 6%BDNDF6) was proven with the same methlodvitro
digestibility (ELOS) and gas production capacityjGvere also determined (see Zeller, 2009). Stlst
evaluation was accomplished by Analysis of VariafddOVA), Tukey HSD, on 0.05 probability values
using SAS ®.

Results and Discussion

Chemical components as crude fibre and NDF of vesiglants for the different maturity groups at
the various stages of maturity are shown in tableig obvious that CF as well as NDF contentsease
with later harvest dates. MG | shows also lesswall contents for all harvest dates at the samgesof
physiological maturity in comparison to MG |l antl With later harvest stage these differences beco
significant. Table 2 demonstrates the results efrtiminal degradability of DM and NDF as well as th
ELOS and GP for the different maturity groups & warious stages of maturity. According to thedess
cell wall contents in MG | there is a higher EDMBdaELOS and significantly higher GP in maturity
group l. It is also found a strong negative intéoacbetween NDF content and ruminal DM degradspbili
of the plants stover r=-0.81 (p<0.0001) with R272). However NDF content and ruminal NDF
degradability do not show any interaction. Ligns observed as the major factor influencing the
digestibility of cell walls (Méchin et al., 2005;r&bber, 2005). This could not be confirmed in thespnt
study. There are no significant differences in lthain contents between the maturity groups. Also n
interaction is found between lignin contents andviElor EDNDF6.

Table 1: Crude fibre and NDF contents (% of DMYésidual plant of the maturity groups at differdwrvest dates

HD 1 HD 2 HD 3 HD 4
MG | 32.2 33.8 338 34.3
CF MG II 33.4 34.5 369 37.6
MG IlI 34.3 35.2 36.2 37.8
MG | 54.8 57.1 58.7 60°7
NDF MG II 56.0 58.3 61.3 64%
MG Il 57.1 58.7 62.0 63

a, b — differences significant on p<0.05

Table 2: EDM6 (%), ELOS (% of DM) and GP (ml/200 ofgDM) in residual plant of the maturity groups at
different harvest dates

HD 1 HD 2 HD 3 HD 4

MG | 49.6 46.3 45.2 43.1

EDM6 MG II 48.6 46.0 42.6 39.4
MG IlI 47.3 47.1 44.2 41.9

MG | 49.6 45.9 459 43.4

ELOS MG Il 46.9 44.6 41% 38.4
MG IlI 46.1 45.0 41.8 40.7°

MG | 44.9 445 432 41.8

GP MG II 41.6 41.7 379 37.8
MG IlI 43.7 42.7 41.% 39.5°

a, b — differences significant on p<0.05
-13-
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Conclusion

The obtained data of the present work show, thaetie variation (here: maturity group) strongly
influence the feeding value of maize residual @aitthe same physiological maturity status. Thidias
to the chemical composition as well as to the randegradability and thi vitro digestibility of the
plants. There were significantly lesser contentgrafle fibre and NDF in the early maturing varigtie
(maturity group ) in comparison to the later matgrvarieties. Thus we found higher ruminal dry teat
degradability andn vitro digestibility in MG 1. This indicates for all vagiies in the present investigation
a benefit for the early varieties due to a longeriqu of harvest in comparison to the later matyrin
varieties.Furthermore, differences between matgrityips became more apparent with later harvest dat
(HD 3 and 4). The benefit of the early maturingietes becomes stronger the later the harvest date
proceeds. The study also shows that the NDF costamigly influences the ruminal degradability loé t
dry matter but not the ruminal degradability of tR®F itself. Also lignin content did not show any
influence on ruminal degradability.
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Biotech Corn — trends and benefits for growers

STUDNICNY P.,CERNIK V.,
Pioneer Hi-Bred Northern Europe, Czech Reupublic

Crop Genetics Research and Development

In today's complex and competitive agricultural iemvment, superior research is essential to
achieving crop improvements. Agricultural reseandquires long-term commitment, investment,
innovation and dedication. Crop Genetics reseaschigr world leaders in the discovery, developmedt a
delivery of elite seed genetics. Using both tinsted approaches and modern technologies for mare th
75 years, we provide our customers with premierealgural products.

More than 1,800 Pioneer researchers in 25 countv@k toward one common goal - bringing
more value to the world's producers. They seek arswnd develop solutions to unique challenges
producers face today and will confront tomorrow.r @searchers are focused on results that introduce
new uses for crops, new markets for farm produntisfarm efficiency improvements that increase farme
profitability.

The technology pipeline shows more information anresearch efforts.

Technology Pipeline

The Technology Pipeline is a snapshot of the futkaiés and elite germplasm Pioneer is currently
discovering, developing, testing and commerciadjzinithin its global research organization. This
pipeline represents concepts and future produetswh believe will bring farmers the greatest vane
ultimately benefit the entire food and energy vatbain.

Corn Crop Genetics Pipeline — 2010

Represents ~$4 Billion Value Capture Opporgur}itfies
roar o
GenelTrait ID Concept Early Dev. Adv. Dev. Pre-Launch

T | | ) | O

Low Drought Tolerance |

Drought Tolerance |1

Broad-scale
Agronomics

Nitrogen Use Efficiency
Increased Yield
Optimum® GAT®
Optimum® AcreMax™ 1
Optimum® AcreMax™ 2

Lepidopteran/Coleopteran Molecular Stack

| g
=]
=5
o g
Lo
B0
[l ~]
53
@=
=

Next Generation Lepidopteran Resistance
Next Generation Coleopteran Resistance

Seed Production Technology

Low

Improved Feed & Processing Value Il

Improved Feed & Processing Value llI

e

Value Capture Opportunity: < 1000 [T s100mM-s400m ([IEIETHD = $400M
Each bar e SENIE Oy Ne load evar for each profect. SRR Sanse
Discovery .'Sg:i?'.l onga'ng}::mess for gl trakts end g.'rro ects In the pipeling, plo" EER. | Mw
Vale capiure includes revenue, out-icensing opponuinty and cost avolance. A DuPONT Dumwmos
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AN BT
Soy, Rice & Canola Crop Genetics Pipeline — 2010

Represents ~$2 Billion Value Capture Opportunities

Proof of

enel Trajt |D Concept Early Dev. Adv. Dev. Pre-Launch
iiesh eniln ol e @i

Asian Soybean Rust Resistance |
Asian Soybean Rust Resistance Il

Dissase

Resistance

o
Ha
o

Sclerotinia Resistance
Increasad Yiald
Optimum® GAT®

Mext Generation Muliple Mode Herbicide Tolerance
Aphid Resistance

Lepidopteran Resistance

Wead Control

b

Cyst Nematode Resistance

Insect Protection &

Low Hemiptera Resistance
Low Plenish™ High Oleic Oil

Increased Oil & Improved Fead
Rice - Next Generation Hybrid Rice
Rica - Herbicide Tolerance

Rice - Insect Resistance

Canola - Glyphosate Telerance

Rice & C 1 Valuea-
mm

[P —

Low Canola - Increasad Yield l_ _______ | Refects advancementsiadditions 2/09-210
Value Capture Opportunity: < s100m [T s10om-$400m [ICIECED > $400m
EQch Dar represents only the lesd event for 85ch profect. SCience with Service
DYscovary s an ongoing ocess for an ralts and profects in the ppaling, plo" EER. | Dihmring SUCCREE™
vale captue includes ravente, out-icensing opportunity and cost SVoiianca. A DuPONT Bussmoe

The Technology Specification Sheets provide infaromaon technologies in our product pipeline. From
elite genetics to biotech traits and enabling tetdgies, these summaries provide clear definitiand
outline the anticipated time to market for eacthtexdtogy.

Drought Tolerance

Pioneer Hi-Bred is developing drought tolerant cthrat focuses on enhancing yield performance
during water deficits with no yield penalty undeptimal water conditions through a multi-phase
approach.
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Drought Tolerance - Corn

Trait at a Glance

PIONEER.

A DUPONT BUSINESS

(35

Pioneer Hi-Bred is developing drought tolerant corn that focuses an enhancimg yizld performance during
water deficits with no yield penalty under optimal water conditions through a multi-phase approach.

# Drought Tolerance | hybrids would pretact yvields in limited irrigation and arid land envirenments,
# Drought Taleramce Il hybrids® would pretect vields im a full range of envirenments during drought

conditions,

®  Projected Introduction: Drought Tolerance | -

Conducting hundreds of on-farm system trials in 2010

w R&D Pipeline Phass:

® Drought Tolerance| - Phase 4, Pre-Launch
® Drought Tolerance |- Phase 1, Proof of Concept

 GrowerValue at a Glance

#  Target Markets: Morth America, Latin America,
Europe, Asia Pacihc, Africa
@ Global Acreage Opportunity:

4 Drought Tolerancs | - Narrow, <40 M
4 Crought Talemnce 1 - High, 101 - 1508

Farmers would realize more stable yield under drought
stress and maintain maximurn yield potential under optimal
conditions by planting Pionesr droughttolerant hybrids.
This benefits farmmers in traditional corn growing areas, as
well az areaz where lack of water currently restricts profit-
able com production.

Conventional Pionear® brand hybrids that have bean

developad with the industry's most diverse corm genetics to
tolerate drought are performing well in the market today.

Drought Tolerance | would leverage native trait variation in
elite germplasm and the AYT™ system to create Fybrids that
cleliver significant improvements in grower return perage
in drought-stressed environments. Lead bybrids are consis-
tently demonstrating more than & percent yield advantage
under stressed conditions across multiple locations.

Drought Tolerance 1 would help protect yields even further
by incorporating a combination of transgenic and native
gerie approaches that could improve vields across all Corn
Belt environments in the LLS. Feld trials of Drought Taler-
ance |l have generatad up to a 16 bushel improvermentin
stressed erwvironmentsand significant vield increases in
ren-stressed environ ments.

A globally devastating issue, drought causes losses in
excess af 513 billion annually. Pioneer drought tolerart
traits would stabilze grower income through higher yields
and have the potertial to reduce irigation costs whan
water defidts accur.

-17-
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Ploneor uses managed molsiure siress ervironments
throughout the L5, Com Belt. as well as at testing
facilities in California and South Armerica, 1o selec
droughtiolerant hybrids.

Hecsaugua, lowa 2003
Com ears with drought
tolerant ransgens produce
more filksd kernals than
cortrol plants undar
water-deficlant stress
wonditions.
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Limagrain, a Research Leader in Maize Silage

CHAMPION M.
Limagrain Europe, Domain de Mons, France

As the genetic potential for dairy cows to produmi#k increases, maximum productivity and
profitability of high-yielding dairy herds inevithb depend more on nutritional management. That
logically begins by maximizing energy intake.

In Northern Europe, whole-plant silage maize is omgnt in the diets of intensively managed
ruminants. It can often represent between 2/3 anflthe total forage intake.

This reliable roughage, with high energy contend dmgh intake level, is today the aim of
important quality breeding programs in Limagrain.

1) Silage maize: energy content and cell-walls

Half of the whole plant energy comes
from leaves and stalks

Half of the energy comes from starch in the ears

A whole maize plant, at classical harvest stageéeh 30 and 35 % dry matter, is composed of leaves,
stalks and ears. More precisely, it means 56 %elbtontent and 44 % of cell-walls.

All components of the cell content are totally ditjiele (table 1). These components can't be
a limiting factor of the whole plant energy value.

Table 1
cell-content composition Starch Soluble sugars Proteins Lipids Ash
% of the dry matter 30% 10% 8% 4% 1%
Digestibility 100% 100% 90-99 % 90-99 % 10-95 %

On the contrary, digestibility of the different cpoments of the cell-walls is variable (table 2).

Table2
cell-wall composition | Hemicelluloses | Celluloses Lignins
% of the dry matter 20% 20% 4%
Digestibility 20-100 % 20-100 % 0%
-18-
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According to genetic variability of maize silageiivo digestibility of the cell-walls can vary

between 35 and 60 %.
It then seems clear that the limiting factor of tiwhole plant digestibility is the cell-wall

digestibility.
A lot of animal trials have been done with differearieties of silage maize, they clearly show the
interest of decreasing the non digestible cellsvatintent. The results from Figure 1 are trialsedby

INRA, in 1993, on sheep.

Whole plant digestibility % Figure 1
o
P, 0
o
O
oo 8 4
e,
A
& %o (<]
ERS °°°%
& Beo
o o
e, .

Non digestible cell-walls content of whole plant

2) a specific /dedicated silage maize breeding pnam

25 years ago, Limagrain decided to separate tredlrg programs of silage and grain maize, as it
was obvious that silage maize needed specific tyuaiieria.

To increase the energy content of the cell-wallghe energy content of the green part (leaves and
stalks), which means the same, the easiest wadedidginning, for Limagrain breeders, was to measur
and decrease the lignin content of the cell-walls.

We have seen, in Table 2, that lignin digestibilgynull, so the less lignin the more digestibility
(Figure 2), till a level we have to maintain, taekea good standability.

) Enzymatic digestibility and lignin content
Fiaure 2 of stalks and leaves
355 inbred lines - Limagrain and INRA studies - 20 07

70

65

60

55

cellulase Aufrere %

45
R*=0.5

e 1 2 s ! s 6
lignin content (ADL, % DM)
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Limagrain research also did important studies, alaboration with INRA in France, to better
understand how the cell-walls are “built”.

From a microscopic point of view, we have learatt thignin (Figure 3) is linked to hemicelluloses
and celluloses with bridges which are not alwagssime according to the genotypes.

Some bridges seem easy to break by enzymatic nethrdzy microorganisms in the rumen; in this
case, part of cellulose and hemi-cellulose canigpested in the same time that lignin is excreted.

Other bridges between lignin and celluloses or kestiuloses are too much difficult to break; we

can easily imagine that in this case, cellulose lzemi-cellulose cannot be digested and are excieted
the same time as lignin...

Figure 3: composition of the cell-wall

Cell Wall

— o
ol oIV &

— gl N
Bidlack et al., 1982 Cellulose lignine hémicellul
So quantity of Lignin is an important criteria, necessary but not sigffit We also need
information abouguality of Lignin, how it is linked with the rest of the cell-walls.
According to Lignin composition, cell-walls digdsitity can vary in a very important way.
Limagrain research programs now take care of néerier about quality of Lignin.

ose

3) Cell-wall digestibility and silage maize intake

Numerous scientific works have shown that digetjbior energy value of the whole plant,
is linked with quantity of silage maize intake. Tighest digestibility is the highest intake wié.b

More specially, intake is correlated with cell-vgatligestibility, and studies have shown that the
more rapidly cell-walls are digested, the highatike will be. It can be explained by the place tedl-
walls occupy in the rumen. If the kinetic of degatidn of the cell-walls is low, the rumen keeptedl
a longer time, then no place to eat again...

On the contrary, if cell-walls are well and rapidlggraded, place will be free in the rumen to be

filled again ... The relation between cell-walls ditkility and intake is clear on the Table 3, sialere
done on dairy cows by INRA.

-20-
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Table 3

Tested hybrids| cell-walls digestibility % | intake (DM kg /cow /day)
H1 59.4 17.9
H2 51.4 16.8
H3 50.1 16.1
H4 46.9 15.6
H5 46.7 15.2
H6 46.6 14.4

When we work to increase digestibility of the oglils, we win on 2 tables, digestibility and
intake.

4) The proof by trough ...

The only way to be sure that we work in the good isa&o doanimal trials.

All research works, all results obtained, all nevethods of evaluation of quality criteria
(digestibility for example), are tested and vedfigith animals.

The majority of these trials are done with and uritle control of institutes; we then constitute an
important animal results data-base.

5) Economical interest to increase the cell-wallsigestibility

Let us consider 2 hybrids with the same starch erdniit harvest stage, but with a little bit
difference in the cell-walls digestibility.

Figure 4
Hybrid A Hybrid B
cell-wall digestibility % 52 54
UFL /kg DM 0.92 0.94

As shown on the Figure 4, the energy /digestibiityHybrid B
is higher than the one of A. The energy coming frstiarch is
the same, because starch content is the same betnaed B.
The fibers digestibility of Hybrid B is 2 pointsther than A.

As a consequence :
« whole plant digestibility of B is 2 points better UFL UFL

than A, Starch Starch
- this better energy content of B allows for 0.6 kg 0.47 0.47

milk more per cow per day.

Hybrid a Hybrid B
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Festulolium Hybrids from Breeding Station Hladké Zivotice and their Quality

HOUDEK I, JAMBOR V.
! Plant Breeding Station Hladké Zivotice, Ltd.
2 NutriVet, Ltd., Pohtelice

Beginning cultivation hybrids in Plant Breeding t®ia Hladké Zivdgice fall in second halves
sixieth years. Iniciator hybridism and primary ddtjee author Festulolium was Ing. Antonin Fojtikjth
him initially cooperated Ing. Stlik. From ends of 70. years with cultivation shaed next future co -
authors varieties above all RNDr. Jan Horadk a asengineers Ilvan Houdek, Jan Oralek, Vladimir
Cernoch and on meanwhile last hybrid registrate2iit0 also Radomitapka. Already along cultivation
were to be new coined materials examination pairilyexperiments foder teachers desk todays
agricultural universities in Brno andeské Budjovice, but also experimental workplaces , such as
experimental station at Ziéib and experimental station at that time reseanstitute of meadow and
pasture in Banska Bystrica.

Quality of fodder crossbreed are tested first imolatory on Plant selection station ogth\dv.
There Ing.Vaclav Mika, DrSc. by Lampeter methodesorout materials with worse digestibility. After
obtaining higher volume seed for sowing was pramgishew breeding examinational on quality on
workplaces research institute for nutrition of faemimals and production of silages. From RIAN at
Pohdelice it were step by step in Ing. Petr Jakobe,.Ci8g. FrantiSek Bardit, CSc., Ing. Jaroslav
Prikryl, CSc. and above all Ing. Vaclav Jambor, C3d. RIAP Prague- Ufinéves were to be half —
breed at examinational by Ing. Radko Eka, CSc. and Ing. EliSka Maclmva, CSc. To expansion
hybrid on Slovakia contributed significantly nuwitist Ing. Stanislav Knotek, CSc. a Ing. J. Zild&o
from Research Institute at Banska Bystrica and mx@ater from experimental plant station in Poprad
Ing. D. Rataj and Ing. I. llavska, PhD.

In cultivation hybrid Festulolium were cooperatet avith workplace abroad to the 1995 it was
only workplace at Paulinenaue (D) and breader Wifth Szelejewo and PAN PozngPL), later with
workplace at West Europe above all DLF - Trifoliamd Limagrain.

Materials and methods

Since 1988 go down to the list of varieties in estaerity book CZ meanwhile 10 hybrid
Festulolium Plant Breeding Station at Hladké Zigetirom that is 8 verieties forage.
Come from crossing by ltalian Ryegrass (Lolium multiflorum Lam.)x Tall Fescue (Festuca
arundinacea Schreh.yariety Felina, Hykor and Fojtan are festucardhgraminoids grasses snasejici
hygric conditions from dry after as much as wengté&Sow with in mixtures for perenial grassland &nd
the temporary growths also. Hybrid Felina and Hylse also to the short-term mixture on arable soil.
Lolium tetraploid variety Bé&a and Lofa are exacting on sufficient number nupestand nutrients.
Hybrid Beiva is 2-3- year old grass and same usage Iltidean Ryegrass, multiannual Lofa with
analouges téerennial reygrassuses to the temporary mixture and to the shom taixture on arable
soil. Next hybrid(Festulolium braunii)comes from crossing tetraploid female forrttalian Ryegrass
(Lolium multiflorum Lam.x Meadow FescugFestuca pratensis L.)jncurred veriety are lolium type
how about vary earliness matutinal is Achilles, dhédPerun and late Perseus. At 2010 yé#ouge next
variety Hostyn. Similar as ryegrasses are thesetieg more suitable for more wet conditions with
enough of nutritions. In the central European cioié are predominantely grown with the red clover
mixtures and alfalfa.
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Table 1:

Variety Crossing | Type Ploidy |Persictency Earliness I\i(setarg e
FELINA LM x FA |festucoid 6n perennial early 1988
HYKOR LM x FA |festucoid 6n perennial early 1991
FOJTAN LM x FA | festucoid 6n perennial late 2005
LOFA LM x FA |loloid (LP) 4n jako LP late 1997
BECVA LM x FA |loloid 4n 2, max. 3 years |late 1989
PERUN LM X FP |loloid - intermed. | 4n max. do 5 years | medium |1991
ACHILLES |LM X FP | loloid 4n max. do 5 years| early (0]
PERSEUS | LM X FP | loloid 4n max. do 5 years late 2004
HOSTYN LM X FP | loloid 4n max. do 5 years | medium |2010

Experiments were based at Hladké Zivotice, each plb m sowing to the blocks in three
replication under separate festuca and loliumridytbok at different earliness and persistence of
growths. Dossage of nitrogen were to be followfolm® 1. and 2. cut after 60 kg nitrogen per 1 hé an
before next cut 40 kg nitrogen per ha. Yields idtrced in tables come yield potential of varietekear
of-loss-making harvest was effected by harvestogeH&2 obtained sample about weight 1 kg green
matter from each plot. Immediately after harvestglas were taken to dry in oven at temperatufes5
Content of organic nutrients: dry matter (DM), waseluble carbohydrate (WSC), crude protein (CP),
crude fiber (CF), neutral detergent fiber (NDF) vaeterminated by clasical analytical methods (Van
Soest 1990). Digestibility, resp. degradabilityoofjanic matter (OMD), degradability crude fiber (@QF
and degradability neutral-detergent fiber (NDFD)sveleterminated by rest after 24 hours incubation at
cow with rumen fistula - nylon bagl¢skov and McDonald 1979).

Results

Yields mentioned in tables bear to high abilityfpemance fodder hybrid Festulolium, however
yields of lolium hybrid (tab. 2) are at middle epean conditions above all in second and next add up
contingents regularly distributed rainfall. At firsut with absence rainfall will not disply manifeso
markandly, growth mostly will to proof with usagemter moisture serve with a notice fair yield high
guality fodder yields in line 3. cut are sum 3 &t Deeproots festulolium hybrid (tab. 3) with dght
planish better . In the clear culture but useddaytown few and far between sow with above alhi® t
mixture.

In laboratory fy NutriVet Ltd. were to be made aysé designes choice hybrid Festulolium, values
are mentined in tables. Experiments at hygric fazble year were to be reaped at five add up toyaisal
were to be delivereds samples of those most sigmifi3. cut lolium and 2. cut Festulolium hybrid.
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Table 2: Digestibility of organic matter, crude éiband neutral detergent fiber, content of WS@der
protein, crude fiber and NDF at DM lolium of hids and yields from 1. cropping year

Variety | cut DM [WSC OMD |CF CFD NDE NDFD CP
ttha | % v % V% | v% voe |V % %

Perun 1. | 9,74 149 73,24 26,66 67,35 51,2 61,08 4 17
2. |50 11,78 67,21 27,84 57,79 64,81 61,33 14{4
3. |32 14,52 67,99 26,25 62,5 56,19 55,12 14|5
> (17,94

Achilles | 1. | 10,2 | 16,94 66,6 27,71 58,96 61)65 58,45 (15,9
2. 14,8 17,93 65,41 28,87 56,35 56,18 51,51 14{3
3. |36 16,75 70,78 29,42 69,43 52,1 58,47 133
> 18,6

Perseus | 1.| 10,2R314,83 77,18| 26,92| 71,66 66,93 73,17 16,8
2. 153 14,5 67,61 30,61 63,48 64,56 60,55 13|6
3. |35 14,36 66,92 25,7 64,16 52,29 58,91 13]1
> (19,03

Lofa 1. | 10,27|16,67 70,56| 29,04| 65,7 50, 54,54 17,1
2. 153 15,15 73,24 29,04 69,24 61,71 65,97 17({3
3. [3,26 | 14,75 65,49 2552 60,29 535 54,24 13}3
> 118,83

Table 3: Digestibility of organic matter, crude dity neutral detergent fiber and content of WSCderu

protein, crude fiber and NDF at DM Feastu- latithy

variety | cut DM |WSC |OMD CF CFD NDF |NDFD CP
ttha |[v% v % v % v % v% |v% %
1. (8,61 | 12,18 64,01 28,54 57,96 61,34 53,24 1
Felina 2. | 2,67 | 9,83| 73,08 27,26 6,03 52,89 70,04 ,6]
> 18,54 | Sum of five cuts
1. (7,12 | 11,94 65,78 28,26 60,76 57,68 55,43 1
Hykor 2. (2,74 | 14,03 70,44 25,78 63,55 59,46 62,21| 7,81
> 16,79 | Sum of five cuts
1. [5,95 | 11,77 68,68 27,76 64,85 57,43 58,65 1
Fojtan 2. | 244 | 13,84 70,16 25,04 66,44 51,09 58,24(17,9
> 14,53 | Sum of five cuts
References

brids and yields from 1. Cropping year.

6,4

7,3

[1] @rskov E. R., McDonald I. 1979. The estimation @btpin degradability in the rumen from
incubation measurements weighed according to tteeafapassage. J. Agric. Sci. Camb. 92, 499-

503.
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The Influence of Extensive and Intensive Use of Peranent Meadow
Community on the Quality of Forage and QualitativeProduction

KNOT P., HRAB F.
Mendel University in Brno, Department of Animal htidn and Forage
Production, Zerdélska 1, 613 00 Brno, Czech Republic

Abstract

The results relating to the influence of variougels of N+PK fertilization (without NPK, f3+Kgo
kg.ha', Neg+PK kg.hd, and Ngg+PK kg.hd) prove a marked decrease of N-substances, PDiNefpr
supplied when nitrogen is limited in the rumen) &AE (protein supplied when energy is limitedhie t
rumen) concentrations in the forage of sward withddertilization, and also with the application lofv
Noo+PK kg.ha amount as compared with the intense level of Nlifgtion variant, i.e. 180 kg.HaWith
other nutrients (fibre, NEL — Netto energy of lditta) no significant differences were ascertainEae
influence of intensity of utilization had a markedluence on the increase of all nutrient concdiuns
with variants comprising 3 to 4 cuts in comparisototh variants of the use in 2 cuts (early anel fiast
cut). For an objective evaluation it is necessargarry out an assessment of the interactive inflaeof
fertilization and intensity of use.
Keywords: permanent grassland — fertilization — intensityiifzation — forage quality.

Introduction

The level of NPK fertilization and the intensity gifassland utilization have a marked influence on
species composition (KOHOUTEK, A. et al. 2009; OERIANS, J. 2006) and consequently on the
quality and production of forage. GRUBER et al. @D carried out an assessment of their interaction
with respect to area loading by cattle, productdficiency of forage (production of milk). Economic
effectiveness of production (VELICH, 1986) and mauarly the influence on the environment, esp. the
so-called “greenhouse effect” (SIMEK, 2009) canm®neglected.

Material and Methods

A permanent grassland with the dominanc&edtuca arundinace&chreb. was evaluated for the
influence of four nutrition variants (without NPkertilization, Rg+Kg kg.ha', Neg+tPK kg.h& and
Ns5+PK kg.hd') and four variants of utilization intensities <@t early (a), 2-cut late (b), 3-cut (c), and
4-cut (d) on differences in the concentrations e§ulstances, fibre, PDIN, PDIE, and NEL/MJkof
dry matter. The characteristics in question weiterd@ned by the NIRS method. The experimental area
is situated in the potato growing area (545 m als®zelevel), on the plot operated by the Vatin Rete
Grassland Station in thedZrské vrchy Hills Protected Landscape Area. Theltesire related to mean
values (weighted average) from the individual ciitsn 2004 to 2009. The statistic evaluation of
differences was conducted using ANOVA and folloviagdTukey’s test® [ 0.05).

Results and Discussion
Influence of trophism level on the concentratiomofrients

In accordance with a number of scientific statemeathigh level of N-180 kg.Hat PK (Tab. 1)
manifested itself by a conclusively higher concatidn of not only N-substances in forage dry matter
(142.3 g.kd), but also PDIN and PDIE, and also in their rgfi.02). In line with the findings published
in other communications (JAROVIC, 1994), the increasing concentration of the bakasnponent —
fibre in forage is influenced by the progressiveidg with N+PK (258.2 — 253.5 g.Kgof dry matter);
however the difference as against other varianthout N-fertilization is insignificant. a lower
concentration of NEL with N+PK fertilized variants.14 — 5.15 MJ.kK§ dry mat.) was insignificant in
comparison with variant without N-fertilizing.
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Influence of the intensity of use on the conceidrabf nutrients

As compared with the extensive 2-cut variants,ntludticut harvest system of use, i.e. 3- to 4-cuts,
conclusively increases the concentration of N-arusts, PDIE, and PDIN, and markedly decreases the
concentration of fibre (Tab. 2). The concentratwfnNEL (5.45 MJ.kg dry mat.) is also markedly
higher, also in relation to N 90 kg:h#5.30 MJ.kg) fertilizing variant. In this case the resultinglwe
representing the weighted average of all cutsfisénces by the very early'harvest (15.5.); according
to BUCHGRABER et al. (2004) the concentration ofINE young and timely harvested forage from the
first cuts is by ca 1.0 MJ.Kghigher than in further cuts, or first cuts hareesiater on.

The results prove that the cause of more markderdifces in the quality of forage with respect to
the N-complex (N-substances, fibre, PDIE, PDIN)tgeim the sphere of a higher level of nutrition,
namely with nitrogen. As to the intensity of use, the number of cuts, there is a marked diffezdnc
the quality of forage both in the sphere of N-comgmts and NEL between 3- to 4-cut stands in
comparison to double-cut stands. As concerns th&ability of forage quality for the respective
production-breeding orientation, and also fromeébenomic and ecological points of view, it is nscey
to determine a suitable interaction variant based so-called net yield of nutrients (BUCHGRABER et
al., 2004), or in relation to the productivity afasd (hnumber of large cattle unitshaand its side
externalities, i.e. the loads by nutrient (cycledl production of greenhouse gases (GRUBER et GD)20

Conclusion

The high level of N-fertilization (180 kg.N.Hp has conclusively increased (by 1/5) the
concentrations of N-substances, PDIN, and PDIBéndry matter of forage from the sward dominated by
Festuca arundinaceSchreb. as compared with variants of up to theg8l.ha" amount and without N-
fertilization. Differences in fibre concentrationere insignificant with the increasing influence N
fertilization and also NEL/MJ at a higher level faftilization. As compared with 2-cut stands, the
multicut system of harvest, i.e. 3 and 4 cuts, mdikincreased (by 1/5) not only the concentratbi-
substances, PDIN, PDIE, but also NEL/MJ (by 1/H)] markedly decreased the concentration of fibre
(by 1/5).

Table 1: Concentration of nutrients in forage dratter (g.kg") of permanent grassland community in
relation to N+PK fertilization level. Vatin, 2004 2009 (weighted average for cuts).

Variation of Concentration (g.K9 in dry matter Relation NEL
fertilization N-substances | Fibre] PDIN PDIE|PDIE/PDIN |(MJ.kg")
without g.kg® [118,1a 238,24 69,5 78,1 0,89a 5,28a
NPK rel.

% 100,0 100,0 |100,0 |100,0 |100,0 100,0

g.kg® | 115,1a 250,54 66,9a] 77,74  0,86a 5,16a
P3ot+Keo rel.

% 97,4 105,2 96,3 (99,5 96,6 97,7

g.kg‘1 122,4a 258,24 71,9a] 78,84 0,91a 5,15a
Nogt+PK rel.

% 103,6 108,4 |103,5 |100,9 [102,2 97,5

g.kg® [142,3b 253,5a] 82,9b] 80,9ab 1,02b 5,14a
N1gotPK rel.

% 120,5 106,4 |119,3 |103,6 [114,6 97,3
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Table 2: Concentration of nutrients in forage dratter (g.kg") of permanent grassland community in
relation to the intensity of use. Vatin, 2004 t@2Qweighted average for cuts).

Method Concentration (g.K9 in dry matter Relation NEL
of use N-substances | Fibre| PDIN PDIEPDIE/PDIN (MJ.kgh
J-cut g.kg' |145,8b 223,14 86,1h 83,0pb 1,04b 5,45¢
rel. % |100,0 100,0 |100,0|100,0 {100,0 100,0
3-cut g.kg' [133,0b 236,84 78,1b 80,8b 0,97b 5,30bc
rel. % |91,2 106,1 |90,7 |97,3 |93,3 97,2
2-cut g.kg® |112,8a 265,4h 65,8a 76,9a 0,86a 5,05ak
early rel. % |77,4 119,0 |76,4 |92,6 |82,7 92,7
o-cut late g.kg' [106,2a 275,4h 61,2a 75,0a 0,8la 4,92a
rel. % |72,8 1234 |71,1 90,4 |77,9 90,3
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Production Ability Impact Of Temporary Grasslands On Forage Quality

KOHOUTEK Al, CERNOCH V? KOMAREK P} NERUSIL P,
ODSTRIILOVA V.
'Crop Research Institute Prague 6 - RuzyResearch Station Jekb,
Czech Republic
?Plant Breeding Station Hladké Zivotice, Czech Répub

Abstract

Milk efficiency of dairy cows reached 6 548 kg o€ with consumption of 0.30 kg of feed
concentrates per a kg of FCM in 2007 in the CzeepuRlic (CR). Economic crisis makes the farm
holdings reduce production costs by using quatitade from renovated grasslands instead of expensiv
feed concentrates. Therefore an accurate smalkjdbivas established in the J&kad (elevation 342 m)
site in 2008 in four replications with a selectiohl5 grass species: hybrid ryegrass (1 varietgiah
ryegrass (1), perennial ryegrass (5), timothy ¢@gksfoot (3), tall fescue (3), Festulolium (6)) tzat-
grass (1), meadow foxtail (2), red fescue (2) aralimtain brome (1), smooth brome (1) and Alaska
brome-grass (1), yellow oat-grass (1). The triad featilized with N 180 kg/ha in the form of ammoni
nitrate with lime applied in three doses per 6Chkg(in spring, after the first and second harve&s)
kg/ha P (superphosphate) and 100 kg/ha K (potassalt)) four-cut utilization, first cut on 29April,
then 45 days between cuts. The contribution evedudity matter production and forage quality.

Introduction

Milk efficiency of dairy cows reached 6 548 kg ofEM with consumption of 0.30 kg of feed
concentrates per a kg of FCM in 2007 in the CR.nBauc crisis makes the farm holdings reduce
production costs by using quality forage from reated grasslands instead of expensive feed
concentrates. Generic hybrids (Frankow-Lindberg @tskon, 2008; Gutmane and Adamovich, 2008)
gain ground among the assortment of grasses dilneitoproduction abilities, good health conditiomda
persistence.

Materials and Methods

The trial with the assortment of grasses was astad at the site in J&ko in 2008 on gley
fluvisoil with neutral soil reaction (pH/KCI 6.7a quick renovation of permanent grassland was made
after the first cut with herbicide Touchdown Quatfglyphosate) in the amount of 8 litres/ha. Sowing
was carried out at the beginning of August 200& fhrtilization was done with 180 (3 x 60 kg/haill)
the form of ammonium nitrate and lime, 35 kg/has@perphosphate) and 100 kg/ha K (potash salt). The
contribution evaluates the first yield year of Ifagges species: hybrid ryegrass "Odra’, Italiagrags
“Lubina’, perennial ryegrass varieties “Algol’, ‘$thng’, "Jaran’, "Korok” and "Jaspis’, meadow fescu
varieties "Kolumbus” and "Pronela’, timothy vadstiBobr" and “Sobol’, cocksfoot varieties “Niva’,
“Vega” and “Toscali’, tall fescue varieties "Kordrobe” and "Prolate”, Festulolium varieties gl
"Hykor’, new varieties HZ 14 — DK and KL 26, ‘Léfand "Perseus’, tall oat-grass "Median’, meadow
foxtail varieties “Talope” and "Vulpina’, red fescuarieties “Tagera” and "Tradice’, smooth brome
‘“Tabrom”, mountain brome ‘Tacit’, Alaska brome-grawew variety CD1 and yellow oat-grass
"Roznovsky’. The trial with the assortment of geass utilized in four cuts, the first cut is domtethe
stage of stalk shooting of cocksfoot, the secorfducth cut after 45 days. The contribution evadgatry
matter production and forage quality. The qualityfarage dry matter was evaluated by NIR Systems
6500 fitted with a spinning sample module, in refd@mce range 1100-2500 nm, band width 2 nm,
measured in small ring cups, duplicate samplesrezhiwice. The parameters measured were crude
protein (CP), fibre (CF), PDIE, PDIN, NEL (net eggof lactation), NEF (net energy of fattening)ings
software WinlISlI Il, vers. 1.50.
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Results and Discussion

In 2009 the vegetation growth was accelerated byearly spring start and above-average
temperatures in April (+5 °C) in the whole CR amha fiirst cut was carried out on 29th April 2009.
Among the evaluated assortment of grasses (Tdkigl,l) tall fescue was the most productive wité th
yield of 17.54 t/hdDM, followed by Italian ryegrass 17.41 t/ha, festidms and timothy 17.12 t/ha,
brome grasses 16.22 t/ha, hybrid ryegrass 16.27 ¢lbsely followed by other species, yellow oasy
14.11 t/ha and red fescue 14.25 tfiaa the lowest yield. This confirmed high and bedéghproduction
efficiency of the whole grass assortment in thetfiyield year. Festuloliums gain ground in other
European countries as Gutmane and Adamovich (2008).

In the first yield year the forage shows high canication of nutrients, especially CP (160.3 —
187.5 g/kg DM), PDIN and PDIE. The energy concatitn (NEL) in the forage is the highest in
ryegrasses (5.79 — 6.02 MJ/kg DM), the lowest ione grasses (4.77 — 4.91 MJ/kg DM), red fescue
(4.98) and meadow foxtail (4.98 MJ/kg DM). The ceniration of CF was from 226.3 to 274.2 g/kg DM,
the lowest was in ryegrasses, the highest in bignagses.

Table 1: Dry matter production and quality of foeagf grass species in 2009
Forage quality parametrs

Species DM CP CF PDIN PDIE NEL NEF
t/ha o/kg o/kg o/kg o/kg MJ/kg MJ/kg
Lolium x hybridum Hausskn. 16.27 160.3 2325 942 328 5.79 5.65
Lolium multiflorum Lamk. 17.41 158.7 240.7 939 83. 6.02 5.91
Lolium perenne L. 15.16 1746 226.3 102.2 855 5.795.66
Festuca pratensis Huds. 1555 178.7 2351 10259 85.5.64 5.46
Phleum pratense L. 17.12 1655 248.8 95.9 85.2 5.6%.52
Dactylis glomerata L. 15.78 179.2 243.0 104.6 86.05.51 5.32
Festuca arundinacea Schreber. 17.54 166.1 248.20 9883.3 5.36 5.12
Festulolium 1712 163.8 2458 958 83.0 5.30 5.06
Arrhenatherum elatius (L.) Presl 1542 176.0 243.102.3 84.2 5.45 5.25
Alopecurus pratensis L. 1453 1724 2455 97.8 82.94.98 4.68
Festuca rubra L. 1426 167.3 2544 98.7 82.0 5.22 .98 4
Bromus inermis Leysser 14.12 1875 260.8 107.2 83.(6.19 4.91

Bromus marginatus Nees es Steud. 17.67 168.0 274£8.3 83.2 5.22 4.94
Bromus sitchensis Trin. in Bong. 16.86 153.5 280.87.5 81.9 5.06 4.77

Trisetum flavescens (L.) P.B. 14.11 156.7 266.4 592. 83.5 5.40 5.18

Average 15.73 168.5 249.4 97.9 83.8 5.44 5.22

DT 0.5 2.49 26.6 22.7 14.8 3.7 0.41 0.48

DT o.01 290 30.9 26.4 17.3 4.3 0.47 0.56
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Fig 1 Dry matter production of the grass species in 2a@e Jewko site

Dry matter (t/ha)

Grass species

Conclusions

The production abilities of grass species are hagh they are the basis for effective forage
production in monocultures, as well as in legumesgrmixtures. The forage harvested in time and well
conserved is fundamental for high efficiency ofrdaiows and suckler cows and allows reducing feed
concentrates consumption.
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Silage Inoculants - Where Next?

DAVIES D. R.
Institute of Biological, Environmental and Rurali@wes, Gogerddan Campus,
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Introduction

In areview considering the future of silage inaeus it is worth briefly examining where
inoculants are now and where they have come frdhe principle of silage inoculation with culturek o
lactic acid producing organisms has been usedfexcess of 100 years, the process being firsieappl
to sugar-beet residues (Watson and Nash, 1960) uBe of cultures such as ‘lacto-pulp’ were in
common use in France, and Crolbois (1909) sucdgssieveloped methodologies to grow pure cultures
of selected beneficial lactic acid producing bdatefThese studies also proved the benefits ofyappl
these inoculants to beet-pulp silage compared térestment. Further research continued and Voéltz,
1918 (cited by Watson and Nash, 1960), inoculataliah ryegrass witlBacillus cucumeris fermentati
and produced silage with a lactic to other volasiteds ratio of almost 3.5:1. Many silages on farm
today fail to reach this ratio, which is as we knamvexcellent indicator of fermentation qualityedpite
the work of these early pioneers showing the p@kttenefits of inoculation to silage production,
inoculants were still viewed by many farmers aditdé value to them until the mid to late 1980'She
reasons for this were predominantly due to the @dba efficacy of the commercial inoculants avd#ab
at the time. However, microbiologists have riseithie challenge and a whole host of commerciagsila
inoculants have been developed over the interve2iingears or so, and inoculants, for those farrters
use additives, have displaced acid additives acnoss$ of Europe as the additive type of choice.

Inoculant development until the mid 1990’s focussedhomo-fermentative lactic acid bacteria
species and most inoculants contained one or ntoas from the specielsactobacillus plantarum,
Lactococcus lactis, Pediococcus pentocaseous, Pectos acidilacticiand Enterococcus faecium.
Other species have subsequently been introducedpimve the fermentation process or to increase the
aerobic stability of silage during feed-out thesgude species such Bsopionibacteria sp, Lactococcus
salivarius, Lactobacillus paracasei, Bacillus spnd, probably most controversially, the hetero-
fermentative specied.actobacillus buchneri.l am not going to review these recent developmast
a number of excellent reviews have been publisi&taimley; 2001; Muck, 1993; Spoelstra, 1991,
Weinberg and Muck 1996). So homo-fermentative utentts have been very successful in improving
silage quality, reducing the concentrations of tiddatty acids, ammonia-N and free amino acidsilst
increasing concentrations of water soluble carbaiigdand true protein (Cussenal., 1995; Davieset
al. 1998; Jaleet al.,2009; Merryet al, 1995; Winterst al. 2001).

So Where Next for Silage Inoculants?

Before attempting to answer this question it isamant to understand the situation in the ruminant
farming sector. World-wide agriculture and partéely livestock farming, is facing it's biggest dleange
to date. Increasing demand from developing coemtior meat and milk products is competing with the
fact that livestock are directly responsible foroath 9% of the total anthropogenic greenhouse gas
emissions and once all other associated emissierscaounted for this rises to 18% of the anthrepay
global emissions (Gilet al 2009), resulting in the need to reduce emissioAtongside this there is
increasing pressure on land and water resourcestingsin increased cost of protein and energy
supplements for ruminant diets. However, rumisamve the ability to convert non-human-edible
sources of feed into high value human food, bt #iso raises the health debate where an increased
percentage of the world’s population are becomingse due partly to the over consumption of meat and
milk products. There is also the increased conswuacern in certain quarters of the world of food
safety, particularly with the rise of food borntndsses such as those caused by verotoxigeniali..
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Thus the challenge for the sector is to increasdymtivity of healthier and safe meat and milk prod,
whilst reducing emissions, or in other words img@voduction efficiency yet further.

With all of this in mind what opportunities are tbefor silage inoculants to rise to these
challenges?

I would propose that silage inoculants have mangodpnities in helping to provide some
solutions to these global problems. So in the redaa of this paper | will focus on the role theyutd
have in:- a) Reducing environmental impact of memnit farming, both from the angle of nitrogen
pollution and methane, which goes hand in hand imigbroved efficiency and reduction of losses from
the system b) Improving both the biological anéroital safety of human food, and ¢) Improving the
healthiness of human food.

The potential of inoculants to reduce environmentaimpact

The first key factor affecting environmental impéverall efficiency of production, put simply
to reduce waste. There is plenty of evidence dyreguoted in this paper to indicate that homo-
fermentative silage inoculants by improving silégementation can reduce wasteful end products aach
ammonia-N and volatile fatty acids, which resulpimorer feed conversion efficiency and higher lo-si
dry matter losses. However, it is also becomingaasingly evident that one of the consequences of
improving silage quality is the negative impactstimay have on aerobic stability. It is accepteat th
well-preserved, high quality silages, particulathpse inoculated with homo-fermentative lactic acid
bacteria, are more prone to spoilage than untresiteges (Weinbergt al, 1993), due both to the fact
that more nutrients are preserved in the silo aedetare fewer secondary end-products that inttibit
growth of spoilage microorganisms. This undoubytedsults in the potential for more waste.

The problem of aerobic instability has led to dtshivay from homo-fermentative lactic acid
bacteria towards hetero-fermentative lactic acictdréa with the bacterium of choice beibgctobacillus
buchneri(Oude Elferinket al, 1999; Driehuist al, 2001). This approach has been shown to intfibit
aerobic deterioration of silages through the préidamf end-products other than lactic acid maeudgtic
acid. However, whilst this approach can inhibitodéc deterioration of silage (Driehuis al, 2001), the
effect is not always consistent (Kleinschmit anchgu2006). It is well documented (Woolford, 1990;
McDonald et al, 1991) that the production of acetic acid resinta slower fermentation and thus will
probably have a concomitant effect on the proteiaity of the silage (Daviest al, 1998; Joned,998).

An understanding of the biochemistry of the silé&nentation shows that for every molecule of
acetic acid formed an equivalent molecule of carthioxide is produced (McDonalet al, 1990). Thus
for every 1 g of acetic acid in silage 0.733 g @,@re also produced. Data taken from a large stale
tonne grass silage clamp study (Wintersl. 2001) shows that the acetic acid concentrationdoulated
silage (10 g/kg DM) is significantly lower than thia untreated silage (27g/kg DM). Taking these
figures and examining a farm producing 250 tonrfeslage dry matter the difference in g@roduction
for untreated versus inoculated silage in this easeld have been 3.1 tonnes of £0The reader may
find my comparison between untreated and homo-fetatige inoculant treatment unfair, when arguing
against the use of hetero-fermentative silage ilamts.  However most published inoculant
experimentation is conducted at small scale andllysno more than 1 kg. Many of these experiments
show that treatment with hetero-fermentative inantg produces more acetate than the untreatedtontr
silage. In one such study (Danregral 2003) thel. buchneritreated silage had 55.3 g/kg DM acetate
which was over 6 times greater than theplantarumtreated silage and more than twice the untreated,
and that was at laboratory scale! Furthermore upttering the rumen acetate is an end-product of
rumen fermentation, whereas lactate is convertguidpionate which also requires 2idns. Removal of
hydrogen ions from the rumen is the sole reasomuisren methane production. The net result of this
being a theoretical reduction in methane emisdiam silages with a higher lactate:acetate ratio.

Whilst, for the reasons highlighted above, one caestion the role of hetero-fermentative
inoculants in silage production to control aeropfmilage, what is beyond questioning is the faat th
aerobic deterioration represents a significant ltéssthe industry and current homo-fermentative
inoculants fail to guarantee aerobic stability amf. Much progress has been made in the use of
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combination additives combining food preservatiwgth homo-fermentative inoculants to successfully
control aerobic deterioration of silage (Owen, 20R2@mmeret al, 1999; Whiteet al, 2002). However,
to be more sustainable, | would argue that we neefibcus further attention on a wholly microbial
solution to the problem. This is not just a purital dream as there are a number of clues touticol
that do indeed warrant further investigation.

A few microbial approaches have been tried, suchnatural end-products of microbial
fermentation (Grinstead and Barefoot, 1992) or ty&dler toxins (Loweset al, 2000). The former is
still worthy of further investigation. If we comgr research published in a previous symposium inere
Brno (Merryet al. 1997) these authors published work showing thestitsnof adding pure diacetyl in
controlling aerobic deterioration. Diacetyl is @guced by a number of lactic acid bacteria, pdgity
those used in the production of dairy food productslowever, further work by this group was
unsuccessful (Merrpers comn).in realising the potential of this approach ilmgé inoculant bacteria.
Despite this the improvements in rapid screenitgrielogies and DNA methodologies (eg. Ennadtar
al., 2003) should be harnessed to investigate/isotatiicl acid bacteria that have the ability to praduc
natural end-products that could inhibit the growfhyeasts and moulds that cause aerobic detenorati
whilst maintaining fermentation quality. Whilst iidering the role of fermentation end-products an
interesting conundrum was posed when it was shdwah [ticerne silage was more stable than maize
silage (Muck & O'Kiely, 1992; O'Kiely & Muck, 1992hut these authors further concluded that the
factor causing stability was produced during egsijaas the fresh crop was not stable. An invetsiga
of the minor chemical constituents of lucerne tbatild be involved in the lactic fermentation could
provide another microbial approach to reducinglsgei Finally before leaving the important subjafct
aerobic deterioration it is worthy of note that ishimany believe fungi are responsible for detation
the acetic acid bacteria have also been implicggedelstraet al. 1988), these utilize either lactic acid or
ethanol for the production of acetic acid and,CCHowever, more recently (Nishinet al., 2009)
Acetobacter pasteurianwsas associated with aerobically stable silage @itl®0 fold lower yeasts count
than the untreated silage. Thus indicating anoffaential route to control aerobic spoilage solely
through a microbial solution.

Careful selection of future silage inoculants atswe the potential to help reduce total methane
outputs from silage fed ruminants. This potentisilses through their natural ability to produce
bacteriocins or lantibiotics (a special group diilzintics produced by the lactic acid bacteria)neGuch
example of this is nisin, a lantibiotic produced ¢dbme strains ofactococcus lactigMatsusakiet al,
1996). These strains are used in the dairy ingualkste to their activity against food bourne pathgend
spoilage organisms such Racillus spandListeria monocytogenesHowever, studies with purified nisin
(Callawayet al., 1997) usingn vitro rumen studies have shown the potential at 1puMénrtimen liquor
to inhibit methane production. The obvious negpss to investigate the potential of introduciagtic
acid bacteria as silage inoculants that both mimirgdage quality characteristics but also thatibith
methanogenesis in ruminants when fed the resultiages. As a result this approach could alsoaedu
the incidence of listeriosis both in farmed livestdut also in human food. If nisin proves nob&the
way forward, we must not loose faith in the lacticid bacteria’s ability to produce arange of
bacteriocins/lantibiotics that could have benefigtects in the rumen. Russell and Mantovani (3002
have already proposed that naturally occurring rurbacterial bacteriocins could be used as feed
additives, so why shouldn’t the same be true ofdsarin producing silage inoculant bacteria asfer
additives with rumen modifying capabilities.

| would now like to focus on nitrogen use efficigi®UE), improvements in whole farm NUE can
have significant benefits to the economics of ligek agriculture. It is well documented that sdag
inoculants can improve the protection of proteionfrbreakdown and thus the level of intact protein
remaining in the silage and how this in turn img®wanimal performance and importantly whole animal
nitrogen retention/utilisation (Daviest al, 1998; Jones, 1998; Winteet al, 2001). Whole animal
nitrogen utilisation is not only important for fareeonomics but also to reduce outputs of wastegetr.
There are two considerations with respect to nénognd climate change gaseous emissions. Fingly t
better use of forage protein will result in redu€®0, emissions associated with fertilizer production and
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fuel to transport concentrate nitrogen onto farnSgcondly nitrogen excretion from animals resuits i
N,O emissions so any reduction in N excretion poalgiveduces green house gas emissions. The exact
contribution NO makes to total emissions is uncertain as thereansiderable climatic effects causing
variability (Gill et al. 2009), but MO is approximately 300 times more potent than, @Oit's global
warming effect. As previously stated there is tdersble evidence for NUE benefits from inoculahis
benefits of amino acid supply have received fas Esention. Winterst al, (1999; 2001) have shown
significant effects of inoculation on the overadlhge amino acid profiles with significant increase
certain essential amino acids across a range afiéocrops for example red clover had increasgsind

of 30% and histidine of 9.5% in inoculated compateduntreated silage. These are among the first
limiting amino acids for production response andsthare a key reason why ruminants are fed
supplementary protein which is often used ineffidie and thus supplied in gquantities that are great
than required, resulting in increased nitrogen etxon. It is known that the amino acid profile roéat
and milk protein is very different from that of ptgprotein, with microbial protein having a morendar
amino acid profile to animal protein. Bach et(2000) suggested that if the amino acid profilélobd
entering the mammary gland was the same as thatliothe crude protein content of the diet could be
reduced to 15%. Little attention has focussedhenamino acid profiles of different strains/speaid
inoculant lactic acid bacteria. However, consibbraiversity between different species of lactiida
bacteria has been identified as early as 1977 (&ndrhal. 1977). Attention should now be focussed on
assessing both the variation amino acid profilesilafje inoculant bacteria and the effect silageatéd
with improved inoculants could have in reducing aamtrate protein feeds in animal experiments.

Finally before moving on from the subject of reddi@vironmental impact, we should consider
the CQ emissions associated with harvesting forage. H®eea machinery on farms burns significant
guantities of fossil fuels, any move to reduce tWisuld give a positive impact on reducing GHG
emissions. With the ensilage of grasses and leguar® cut per season is common place across the
temperate regions of the world, and for very goedsons. The relationship between forage quality
measured either as digestibility or metabolizalslergy content and animal production response i$ wel
documented. If poor quality forage is fed not odlyes production decline but there are significant
increases in methane emissions per kg of meat lbr produced. Frequent cutting of perennial silage
crops enables maximum forage quality to be attaibat] this does have consequences for on farm fuel
consumption. One possible approach availablelégesiadditives would be to increase digestibility o
plant cell walls and thus enable delayed harvesiinfgrages without any resultant loss in qualibws
providing the potential to increase harvesting rivde and reduce fuel usage. Considerable focus by
additive manufactures on the use of enzymes taislothis has been made. However, scientificaky th
results have been poor. The reason for this wesrsttly put by Stark and Wilkinson (1986) whenythe
stated ‘one of the major problems which has preagtiite use of effective quantities of enzymeslagsi
additives is the cost:activity relationship.” Cioning they quoted Henderson and Mcdonald (1974 wh
suggested that about 4 kg cellulose/t of silage mesxled to obtain meaningful improvements in silage
quality. Whilst | can accept that enzyme technglbgs moved on in the last 30 years the cost:agtivi
conundrum is one that in my view still holds troedldy. So what are the alternatives, as usual béak
on my faithful friends the lactic acid bacteriaotulants as they grow in the silo produce alleheymes
that are required, so all that is required is faaadidate inoculant bacterium to be discoveret ltha
cell wall degrading abilities. The key component m&nt cell walls that reduces digestibility is
lignification as the plant matures. The lignin bees closely associated with the digestible cedliland
hemicellulose fractions rendering them more ditfidar the rumen micoflora to degrade. Donagdty
al., (1998) recently identified species of lactolatilat produced ferulic acid esterase that wolslit
in the solubilization of lignin and thus the potaehto improve cell wall digestibility. Further wio has
been conducted (Nserelkd al, 2007) with potential silage inoculant speciedaatic acid bacteria that
produce the ferulic acid esterase. In these stufiserekcet al 2007) using &. buchneriferulic acid
esterase producing strain as part of the silageulaat showed an increase im situ ruminal neutral
detergent fibre digestibility from 0.362 in the redted to 0.422 in the inoculated silage. Thediate
the encouraging potential of such an approachwbunust proceed with caution for 2 reasons.
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To ensure the correct silage producing organisntiiized, and for the reasons outlined early in
this manuscript, in my opiniot,. buchneriis not one of these

There must be a guarantee that the cell wall thatligested in the silo is not subsequently
fermented in the silo thus providing less availabtergy for utilization by the animal.

The potential of inoculants to improve food safety

Silages have the potential to act as a reservoibdth pathogenic microorganisms such.esberia
and E. coli and biochemicals such as mycotoxins. These umadbdsi components of silage have the
potential on farms to reduce animal performance @de disease, but they also have the potential to
pass from farms via the food chain into man caubingan disease. Silage inoculants have the patenti
to reduce these risks. Within this paper | haveaaly set out the case for the role future inodslan
should control aerobic deterioration of silage aaduce methane emissions by ruminants being fed
silage. These or similar approaches can be tatgeteoth pathogen control and the reduction ofowsx
chemicals such as mycotoxins (the end productsrafdl growth) in the silo. So other than highlighis
important area and the potential inoculants hawetirol these processes, | intend to spend no titoee
discussing them.

There is one more area where inoculants could hasafety promoting function in both ruminants
and man. If we take the situation in the food Btdy where everyday we hear of the benefits of
consuming this fermented milk product or that potioidrink, it is surely time for those of us wankiin
the field of silage inoculants to devote more dfforelucidate the health promoting attributes itzfge
inoculants. After all both rely on the fermentatiof food/feed ingredients by selected species filtoen
lactic acid group of bacteria. If we take one aogdocus, animals particularly farmed animals are
a major reservoir for the food borne pathogen grbepverotoxigeni&. coli (Whippet al. 1994). These
pathogens reside in the gut of the ruminant animitd the main site being the hindgut and in patticu
the rectum (Nayloet al. 2003). However research has also shown thatagtinge and multiplication of
this group of pathogens can be reduced by feedioliqtics (Zhaoet al., 1998). Species of lactic acid
bacteria are common inhabitants of the hindgutsafiy animals including man and ruminants. Once
established they compete for attachment sites engtht wall and thus competitively exclude other
bacteria from attaching to the gut wall thus préwventhe incoming bacteria for proliferation. Speciof
lactobacillus have already been shown to be bdakfit species of farmed livestock to competitively
exclude pathogens from the non-ruminant gut (Laidtemget al., 2004). Could silage inoculants previd
a similar function? There is considerable reseagcjuired before we could confidently claim sucdess
this area, but it is not beyond the realms of foilitsés. Firstly the inoculants would need to\sue
passage through the rumen. Weinbetrgl. (2003; 2004) suggested that inoculants could lpawbiotic
activities and have begun to assess the potertiiieon to survive passage through the rumen, their
results look promosing. Ultimately only furthersearch will answer whether the approach has future
potential, but it is certainly a goal worth chasing

The potential of inoculants to improve the healthiess of food

Governments and health practitioners are makingptiilation as a whole increasingly aware of
the importance of eating a healthy diet. Withiis ttontext, we need to take a holistic view of ttéakss
and not just focus on the commonly considered maatdents of proteins, carbohydrates and fats but
also examine the constituents of these particullidyfats and also the essential micronutrients sisc
vitamins and minerals. | would like to proposettsitage inoculants again have the potential tluérfce
silage quality to enhance both the concentratidreeidain fatty acids with in silages. These wotklds
be available to the animal and from there on wdaddexpected to be transferred into the human food
chain.

Conjugated linoleic acid (CLA) has gained consibbraattention due to it's many health
promoting properties such as anticarcinogenicpaittative and cholesterol depressing. Fermentag da
products are known to contain higher levels of Cth&n non-fermented milk equivalents (Lin, 2000),
thus again indicating the potential lactic acidtbda have to influence the outcome of the feediyua
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Studies (Kishinogt al.,2002; Lin, 2000) have indicated that a numberpaftses of lactic acid bacteria
including L. plantarum, L. acidophiluandL. lactishave the potential to produce significant amowfts
CLA in dairy based food production. Whilst rumin&mod products are seen to be a good source of CLA
in the diet of man, increasing the level with ik food products would be beneficial to the oVeral
human diet. The developments in this technology @rce again taking place in the food industry.
However, future silage inoculant development shanNgstigate the possibility of selecting bactehat
can enhance the concentrations of this health pioghdatty acid, as increasing the dietary intake o
CLA by ruminants should ultimately lead to highezvéls in human food. Silage inoculant
microbiologists should in the future investigate potential of lactic acid bacteria to enhance rotteglth
promoting nutrients with in animal feed, who knoove day we may have inoculants rich in vitamins and
minerals.

Conclusions

Within this manuscript | have tried to highligheas where future silage inoculants could enhance
the quality of silage over and above the traditiamatritional measurements of silage quality tha w
currently work to. In this every increasing conifpat world the farming community need to justify
every expenditure they make. It falls upon us &®etithis expectation; one way we can ensure this is
continue to develop silage inoculants not only uliilfthe farmer’'s needs but increasingly to mew t
needs of the consumer. To do this we need to ernbkat we keep pace with all relevant developmients
other research arenas and in particular thosevaddh dairy/food microbiology.
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The Efficiency of the Mixture of Sodium Nitrite, Sadium Benzoate and
Potassium Benzoate in Aerobically Unstable Silages.
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Abstrakt

Four types of various crops were used in a spesifidy to examine the effect of silage additive
based on sodium nitrite, sodium benzoate and potadsenzoate on silage quality and aerobic stgbilit
of silages in particular. Ensiling condition wasaltenged by weak packing density of forage andiby a
ingression into silos. Additive treated silages evéound to have alower pH, reduced formation of
ammonia-N and 2.3 butanediol and ethanol compargd untreated control silages. Significantly
eliminated yeast growth was reflected in considgrattreased stability of additive treated silagEke
use of the silage additive provides sufficient gméy of a required ensiling process and prolonged
aerobic stability even under difficult ensiling tition.

Introduction

A good fermentation process in a silo creates amlg part in successful silage making. During
another, feed-out phase, silo is opened and sgeggously kept under oxygen-free condition is esqmb
to oxygen, which promotes the growth of undesiraflieroflora such as yeast and moulds. Main
indications of their activity are the productiontefat and carbon dioxide and simultaneously redoidti
lactic acid concentration reflected in a pH incee@lsicDonald et al. 1991). This process degrades the
nutritional value and hygienic quality of silagd$e use of silage additives is one of ways to elaté
the aerobic degradation of silages. The antimiedopioperties of sodium benzoate, potassium sorbate
and sodium nitrite in forage conservation were whbracterised by Woolford (1975) and as such, they
are widely used as additives in the conservatioa wdriety of foods. But to reveal a real capapidf
additive or other factors to stop spoilage of €kggt is recommended to conduct test under unébler
silage-making conditions (Kwella et al., 1993).

Materials and Methods

Four types of various crops (mixtures of red closed timothy) were harvested and chopped to
approx. 5 cm particle length and divided into Zfiens; one forage fraction was left untreated anad
used as control and another treated with silagéieel@t the rate of 5 ml per kg FM. Crops wereileqls
at densities of approx. 100 kg DMYiin laboratory silos with a fermentation lock od for 49 days. Silos
and lids were obtained with inlets with the rubk@ppers to allow air ingression into silos. Thiasw
performed twice during the storage period, 14 artthys before the end of the storage, for eight sour
each time. Chemical and microbiological analysesewgerformed on silages, weight losses were
monitored during whole storage period, and aeretability was determined by measuring temperature
increase for 7 days.

Results and Discussion

Additive treatments in all crops were found to haignificantly a lower both pH values, at end of
storage and after stability test than in untreatadrol treatments (Table 1). The formation of amiaeN
and 2.3 butanediol and ethanol was significantiguoed in all additive treatments compared with
untreated control treatments. On the other handcaurations of lactic acid were increased in all
additive treatments in comparison with control tneents. Microbiological analyses revealed remarkabl
a lower count of lactate assimilation yeasts iradltlitive treatments than in control treatmentsdithek
treatments significantly reduced weight lossesmipvihole ensiling period in all crops. Aerobic sl
of silages, based on temperature measurementsedhinat it took significantly less time for untreat
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control silages to increase 3 °C than additivetéx@ailages. Results give the presumption thaedest
silage additive guarantee a required ensiling mp®@nd stable silage even when ensiling conditon i
difficult.
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Table 1: Chemical and microbiological compositiaiisilages from aerobic stability experiments (n=3)

Days until temp.

pH after aerated silages

DM  pH stability NHs-N* Lactic Acetic Butyric 2.3-butan Ethanol Weight increased by 3°C Lactate

Treatment acid acid acid diol losses (max. temp) yeasts
% of
TN % of DM Ig cfu/lg FM

Experiment I. Ambient temp.: 19.7 °C
Control 333 52 8.0 13.0 3.0 1.9 <0.05 1.7 0.9 4.5 0.4 (34.2) 7.1
Safesil 342 47 4.7 6.4 4.4 1.2 <0.05 <0.05 0.5 0 2. 6.8 (18.0) <1l.7
LSDg o5 0.02 029 1.48 0.37 0.12 N.S. 0.08 0.08 0.24 0.10 0.14
P value 0.001 0.001 0.001 0.001 0.003 0.001 0.01 0.001 0.001 0.001
Experiment II. Ambient temp.: 19.7 °C
Control 348 54 8.1 9.1 2.2 1.5 <0.05 2.2 0.7 4.6 0.3 (35.8) 7.0
Safesil 356 4.7 4.7 55 5.5 1.2 <0.05 <0.05 0.4 2 2. 6.8 (19.1) <17
LSDo 05 003 040 0.98 0.29 0.14 N.S. 0.15 0.06 0.21 0.03 0.11
P value 0.001 0.001 0.001 0.001 0.004 0.001 0.0010.001 0.001 0.001
Experiment III. Ambient temp.: 19.7 °C
Control 336 55 8.2 5.8 1.3 0.4 <0.05 0.8 1.8 4.0 0.4 (40.5) 7.0
Safesil 343 4.7 4.7 3.6 2.6 0.8 <0.05 0.1 0.4 1.5 6.8 (18.6) <17
LSDg 05 0.03 0.16 1.43 0.20 0.06 N.S. 0.11 0.21 0.30 0.08 0.20
P value 0.001 0.001 0.01 0.001 0.001 0.001 0.0010.001 0.001 0.001
Experiment IV. Ambient temp.: 19.7 °C
Control 349 5.2 7.8 8.4 1.5 1.3 <0.05 1.2 1.1 4.1 0.4 (35.5) 6.9
Safesil 35.3 4.6 4.6 4.9 3.0 0.7 <0.05 0.1 0.4 1.7 6.8 (18.2) <1.7
LSDg 05 0.04 0.08 1.29 0.27 0.11 N.S. 0.12 0.14 0.51 0.04 0.41
P value 0.001 0.001 0.002 0.001 0.001 0.001 0.0010.001 0.001 0.001

* The value is corrected for N added with the agditn form of NaNO2.
N.S. — Not significant
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Introduction

Storing the grain in large plastic bags on thed8aleduces labor time requirement in the
harvest period. Additionally short-time storage grhin provides the chance to get along
fluctuations in prices without investment in buildioperations. Experiences with high moisture
grains in large plastic bags already showed, thertetis a slight fermentation starting at 25%
moisture content with losses of only 1% (Matthie2606). The objective of this study was to
compare the storage of grain with low moisture enonin plastic bags with the conventional
bulk storage of grain regarding quality parameters.

Materials and Methods

The experiments were undertaken in 2008/09. Newtydsted wheat (moisture content
12%) was stored during a period of six months io plastic bags (9’ diameter, 10 m length,
AG BAG Profi Farmbagger, performance >300 t/h) aadllel in a granary on the same farm.
After the plastic bags had been filled, temperataggers were inserted into the centre of the
silo at eight measuring points lengthwise on tightrand left side of the bag (distance of 2 m
each). After two weeks, one month, three and sixthw samples were collected at the same
measuring points below the plastic film and in Oc&®depth (n=4). Parallel samples were taken
in the granary in the same intervals and at theesaasuring depths. The second bag was kept
closed for the whole period to analyze the infleermé the sampling in the first bag. The
samples were analyzed for dry matter, starch, cprdesin, pH-value according the German
standard methods (VDLUFA, 2007) and the microbimalgroups bacteria, yeast and mould
according the German guideline (DGHM, 2007).

Results and Discussion
Only minor differences were revealed by investiyadi concerning the temperature

development in the silos. There was a graduallyed=e in temperature over the 6 months; it
converges to the ambient temperature (Figure 1)l&iy results demonstrated that there are
no differences between the positions ‘upper partl &entre’ of the bag in parameters as ph-
value, starch, crude protein, content of bactemast, mould and germination: no differences
between the positions and no differences betweenstbrage systems (Figure 2). It can be
concluded from the very low differences, that ttogagge in a plastic bag has no influence on the
baking characteristics of bread. Further invesitigatare concentrating on this parameter.

Conclusions

The results demonstrate that the temporary gramage in plastic bags does not lead to
any grain quality loss compared to conventionatagje. Because of the very low costs of the
flexible bagging system it represents an altereativ high investment in permanent storage
structures for grain.
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Figure 1: Temperature data in the plastic bags dgrihe storage in comparison with
the ambient temperature
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Figure 2: Effect of different storage systems oéatton chemical and microbiological
parameters.
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Abstract

The effect of adding the inoculant BiorfiBioStabil Plus (BIOMIN GmbH, Austria),
a blend of Enterococcus faecium (BIO 34, DSM 353@ctobacillus brevis (IFA 92, DSM
19456) and Lactobacillus plantarum (IFA 96, DSM 83Bf to medium wilted legume-grass
silage was evaluated. Herbage was wilted to 326/ and had mean crude protein and
water soluble carbohydrate concentrations at ewgsif 174 and 88 g/kg respectively.

Treatment with BioStabil Plus resulted in signifidg higher (149.4 vs. 159 g/KgM;
(P<0.05) crude protein and (108.9 vs. 117.8 g/ kiyl; DP<0.01) digestible protein
concentrations. Inoculant treatment increased fetatien rate, resulting in a significant
(P<0.05) pH drop and in asignificant (P<0.05) @awe of total fermentation acids
concentration compared with control. The inoculanaduce higher (P<0.01) lactic acid content
and numerically higher acetic acid content compavigd that of the control. Butyric acid and
Ammonia N concentrations were significantly (P<Q.0&creased by application of BioStabil
Plus. Dry matter loss values were significantly @®@4) lower for BioStabil Plus treated grass-
legume silages. Inoculated silage had a higher.byw® (P<0.01) digestible energy (DE) and
a higher by 1.25 % (P<0.05) net energy lactatioEL(Nconcentration, when compared to
untreated silage. The inoculation of silage witlo&abil Plus has shown to improve aerobic
stability.

Introduction

Opportunities for promoting grassland utilisatiore aelated to the positive health
characteristics it gives to animal products. Olitajrgood fermentation quality, digestibility of
nutrients and high energy and protein value ingska requires the regulation of the ensilage
process, particularly for herbages with the higredues of buffering capacity (McDonald et al.,
1991). The advantages of the use of biologicalufards, recently obtained bacterial additives,
thanks to the suitable selection of lactic acidtéda, have been stressed by many workers, and
it is clear from the results that inoculants haveeneficial effect on the improvement of the
fermentation quality of silages (Muck and Kung, 19®%/robelet al, 2004). The current study
was designed to examine the effect of silage agdBioStabil Plus based on a bacteria strain
mix (Enterococcus faeciurBIO 34 (DSM 3530)Lactobacillus brevidFA 92 (DSM 19456)
and Lactobacillus plantarumIFA 96 (DSM 19457), BIOMIN GmbH, Austria on the
fermentation parameters and aerobic stability asgflegume silage.

Materials and Methods

In experiment mixed grass-legume sward (3686um perennel5% Phleum pretense
45% Trifolium pretenseand 5% others) wilted to 320 g/kg DM was ensilElte sward was cut
with a mower conditioneKverneland 347and was picked up with a precision chop forage
harvester Massey Ferguson 5130 (chop lerdgd® mm) after a 6-8 — hour wilt. Herbage was
either untreated (C-control) or treated (I) witlbdénlant Enterococcus faeciuBlO 34 (DSM
3530), Lactobacillus brevidFA 92 (DSM 19456) andl.actobacillus plantarumFA 96 (DSM
19457), BIOMIN GmbH, Austria)The inoculant was dissolved in water according uranat
usage recommendation (4 g /tonne of green foragkhas applied at rate of 4 liter solution per
tone grass to give 2 x 16olony forming units per gram of forage. Treatmemése applied in
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order of control and inoculant. After weighing, ggawas transferred to one of two ferro-
concrete trench (100-t capacity each). Five coritegjs (made from four layers cheesecloth)
filled with 1 kg ensiling mass were putted in eadb to determine DM loss.

Results and Discussion

On average the herbage before ensiling had 320 g DM. g/kg DM crude protein,
88.34 g/kgoM WSC and 0.4 g/k@pM nitrate. Buffering capacity of the grass- legusveard
was 40 mequivl00/®PM. Therefore, the grass-legume sward characterasednoderate to
ensile, because WSC/BC (water- soluble carbohysitatéduffering capacity) ratio was 1:2.22.
Fermentation coefficient (FC) was 49.

There were no significant differences between atéiek and treated silages in dry matter,
crude fibre, NFE, ADF and NDF content. However,atneent with inoculant resulted in
significantly higher (149.4s. 159 g/kg DM; P<0.05) crude protein and (108s9117.8 g/kg
DM; P<0.01) digestible protein concentrations. Tégults are shown in Table 1.

Bacteria straing&nterococcus faeciumdlO 34 (DSM 3530)Lactobacillus brevidFA 92
(DSM 19456) andLactobacillus plantarumIFA 96 (DSM 19457 treatment increased
fermentation rate, resulting in a significant (F38). pH drop and in a significant (P<0.05)
increase of total fermentation acids concentratmmpared with control.

Table 1: Chemical composition and fermentation paeters of ensiled grass- legume silage
Measured parameters Untreated control (C)  TreatinerBE" Sigrt.
Dry matter, DM, g/kg 315.4 319.2 1.072 0.079
Crude protein, g/kg DM 149.4 159.0 1.732 *
WSC, g/kg DM 9.4 10.7 0.433 0.139
Total organic acids, g/kg DM 67.16 76.62 1.97( *
Lactic acid, g/kg DM 36.74 44.15 1.419 *x
Acetic acid, g/kg DM 28.23 32.17 1.021 0.051
Butyric acid, g/kg DM 2.15 0.23 0.362 *x
Ethanol, g/kg DM 7.87 7.06 0.217 0.059
Ammonia N, g/kg total N 57.5 46.0 1.746 *x
pH 4.38 4.25 0.023 *

DE, MJ/kg DM 13.05 13.32 0.035 **
NEL, MJ/kg DM 6.42 6.50 0.019 *
DM losses, g/kipM 106.2 88.3 3.565 *

'Standard error of a treatmentStatistical significance where NS=Not significant,
*=P<0.05and ** =P<0.01 respectively.

The inoculant produce higher (P<0.01) lactic a@dtent and numerically higher acetic
acid content compared with that of the control. THueulated silage had higher lactate : acetate
ratios (1.4) compared with that of the controls (1.3). Butyricida and Ammonia
N concentrations were significantly (P<0.01) deseshby application of inoculant. Dry matter
loss values were significantly (P<0.01) lower fbortreated grass-legume silages, as
a consequence of better fermentation.

Inoculated silage had a higher by 2.1 % (P<0.0d¢stible energy (DE) and a higher by
1.25 % (P<0.05) net energy lactation (NEL) conarin, when compare to untreated silage.
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Figure 1: Aerobic stability of BioStabil Plus (Betated or untreated (C) grass-legume silages.
(superscripts * and ** denote statistical differexsc of means at 0.05 and 0.01 levels,
respectively)
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The control silage, which was not inoculated, sthtieating after 54 h (2.25 days) and
reached temperature differences higher th¥ &bove the ambient temperature after 108 h
(4.5 days). The maximum temperature (23)5in the control silage was reached within 120 h
(5 days) from start of exposure to air. Increaseacentration of acetic acid in BioStabil Plus
treated silage had a positive effect on aerobibilgtaof the silage. The temperature rise of
inoculated silage was slight. Inoculated silagetstbheating after 102 h (4.25 days) but no had
a temperature rise of more thalC2above the ambient temperature during 10 dayssexpdo
air (Figure 1).

Conclusions

Microbial inoculant based on a bacteria strain (Erterococcus faeciufdlO 34 (DSM
3530), Lactobacillus brevidFA 92 (DSM 19456) and.actobacillus plantarumFA 96 (DSM
19457 had a significant effect on legume-grasgsilguality characteristics in terms of lower
pH and shifting fermentation toward lactic acid twithomofermentative LAB. The
heterofermentative LAB actobacillus brevisadded in microbial mix had a tendency to shift
fermentation towards acetic acid. Inoculant treatmsignificantly decreased butyric acid
content, N-NH fraction and dry matter loss. As a consequencebaiter fermentation,
inoculated silage had a higher by 2.1 % (P<0.04¢stible energy (DE) and a higher by 1.25 %
(P<0.05) net energy lactation (NEL) concentratishen compare to untreated silage.
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Summary

The extent of wilting, harvester type and the dffemess of excluding oxygen combine
to create conditions within bales that are lessatiffe to inhibiting the activity of undesirable
microorganisms than occurs in precision-chop sil@@&iely et al, 200J. Technologies are
needed to improve the fermentation in baled sil&giective of the study was to evaluate
a new baling system. Authors investigated the fetateon profile and bale parameters of the
new-type alfalfa and sweet graglfum multiflorum)silage bales. Baling was carried out by
a Goweil LT Master baler-wrapper machine from chapplfalfa (theoretical chop length: 20-
30 mm, NDF: 445 g/kg) and grass (theoretical clemgth: 20-30 mm; NDF: 451.5 g/kg). High
density was carried out with the new technology8-2Z8 DM kg/ni in fermented alfalfa and
246-261 DM kg/m in grass silage compared to conventional bale20@DM kg/m). It was
confirmed that the new baling system is able tanfbales in a wide range of dry matter content
(290-520 g/kg).

Introduction

Conventional round baling systems provide a raliwrdensity range (without and with
cutting system in variable chamber round baler$.6-180.3 kg DM/m, without and with
cutting system in fixed chamber round balers: 14&1@ 161.0 kg DM/t respectively)
stimulating undesirable fermentation process inffidebales. Aim of the study was to evaluate
an ensiling method (a new bale-forming technologmbined with wrapping system) and dry
matter limitation of the new type round baler. B®n-chop wilted forage (alfalfa and grass)
harvested by conventional self-propelled choppevdsier machine was baled by the new
technology. Authors investigated (i) the effectshbrt (290 g/kg DM - 4 hours) and long term
wilting (520 g/kg DM - 12 hours) on bale parametensl fermentation profile in the new-type
alfalfa wrapped bales and (ii) the effect of thevrmle-forming system on bale parameters and
fermentation profile of wilted and chopped 'swegtass (ltalian ryegragbaled silage.

Materials and Methods

Alfalfa (Medicago sativpderived from the ¥ cut (July 2007) in a 2 years old alfalfa
plantation (crude protein: 196 g/kgDM; NDF: 445 gjiiM). It was mowed with rotary disk
mower equipped with conditioner, spread and witbedwindrows for 4 hours (290 g/kg DM)
and 12 hours (520 g/kgDM), respectively. Italiaegsass I(olium multiflorun) derived from
the ' cut (May 2008), tedded and wilted for 24 hoursider protein: 146 g/kgDM; NDF: 474
o/kgDM). Pick-up was carried out by a self-propelfecision chopper-harvester (Claas Jaguar
840). The theoretical chop size range was: 20-30 Baiing was carried out by a Goweil LT
Master baler-wrapper machine. Nominal size of balas: 1.13 x 1,22 m. Pressurization: 150
bar. Film for wrapping was applied with thickne$2b um in 6.5 layers carried out by 26 turn
and 60% pre-stretch. Output and efficiency werefollewing: 18-20 bales/hour. Fermentation
profile was determined in three different stagéfaifa:13", 30" and 78 days, grass:"8 15"
and 98" respectively). Crude nutrient-, carotene-, NDF- &mhentable carbohydrate content
were analysed in the plant-, wilted forage andysia
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Results and Discussion

It was confirmed that the new baling system is abléorm bales in a wide range of dry
matter content (alfalfa silage: 290-520 g/kg, gré&ds88 g/kg DM-content) in theoretical chop
size of 20-30 mm with extremely high density (dHadilage: 213-278 DM kg/fngrass silage:
246-261 DM kg/m) due to high pressurization (150 bar) and smatliga size (20-30 mm)
compared to conventional bales (90-200 DM Ky/nin both treatments (Table 1).
Recommended wet bale weight range of alfalfa (charsed by 350-400 g/kg DM, 20-30 mm
chop size and 400-450 g/kg DM NDF content) is 780-8nominal bale size: 1.1 x 1.2m).
Higher than 900 kg of bale weight due to low drytteracontent (lower than 300 g/kg) can
cause high challenge of effluent and bale detdimraHigh density (effective and quick air
exclusion) had beneficial effect on fermentatioteivsity and quality (Table 2). It was proven
by fast pH-drop (pH in alfalfa silage (on the 18thy: 4.84avs 4,87a, respectively), in grass
silage (on the 15th day: 4.55) and early lactid atmminated fermentation (LA:AA ratio in
alfalfa silage on the 13th day: 2.83a and 4.46bsweet’ grass silage on the 15th day: 6.52,
respectively). Long term wilting of alfalfa (520kg/ DM: 12 hours) reduced the acetic acid
concentration (p< 0.05) and LA:AA ratio (LA:AA ratio on the 70th day.83avs 4.46b,
respectively), but significantly reduced the caneteontent of wilted alfalfa compared to un-
wilted and short term wilted alfalfa (un-wilted alfa: 126.7a+6.7 g/kg DM, long term wilted
alfalfa: 24.3b+2.0 g/kg DM, short term wilted afal 65.7¢+8.5 g/kg DM).

Conclusions

It was confirmed that the new baling system is abléorm bales in a wide range of dry
matter content (290-520 g/kg). There is better hgeneity of the new bales compared to
conventional bales, owing to the forage being cledpgnd mixed. a high density (alfalfa silage:
213-278 DM kg/m} grass silage: 255 DM kgAncan be achieved due to high pressurization
(150 bar), as well as a short particle size. Highsity results in good anaerobic conditions for
fermentation.

Table 1: Comparison of new type of bales (n=15) aoeventional bales (Forristal and
O’Kiely, 2005)

High density bales made from precision-chogonventional baled

forage silage
Baled alfalfa silage = Baled ‘sweet’ grass Typical grass bales

WA fafd (A silage .

wet Dry (Lolium multiflorun) in Irefand
Dry matter content (g/kg) 290.1i8.5523 g *1 317,5+£11.1 300
Nominal bale size (m) 1.13x1.22 11'1232X 1.13x1.22 1.25x1.25
Bale weight (kg) 904+25.1 657+13 987+13.4 650
Bale weight (kg DM) 262+7.3  342+6.6 310+4.1 195
(Bl\c/)\;affluent of variation of 1.4% 1.4% 1.3% i
Wet density (kg/m) 734+10.3 534+7.9 813+12.1 425
Dry density (kg DM/r) 213+3.0 278+4.1 255+3.9 130
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Table 2: Nutrient content and fermentation charsastis of the new type alfalfa- and ‘sweet’
grass baled silages (n=5).

Forage Wilted alfalfa Alfalfa silage Wilted Grass
Alfalfa . o o L Grass .
character wet dry wet dry grass silage
Dry matter,
glkg mean 240.5a 300.6b 524.8c290.1b 520.4c 188.8a 264.5b 317.5c
ST 14.4 12.7 26.5 8.5 16.3 34.6 11.2 11.1
Crude protein,
g/kg DM mean 196.0a 192.7a 197.6a190.6a 199.8b 146.0a 145.8a 146.9a
ST 104 7.4 5.9 3.3 42 12.7 9.8 5.0
Total carotene, o, 126.7a 657b 243c 27.6c 10.9d 205.6a 126.289.6b
mg/kg DM
ST 6.7 8.5 2.0 11.9 0.7 25.8 15.1 19.1
NDF, g/kg DM mean 444.7a 450.9a 450.5a428.1b 441.0 474.4a 497.3a51.5b
ST 22.2 13.8 9.3 10.0 104 6.2 14.0 7.7
Total sugar, mean nd nd nd nd nd 169.6a 86.5b 25.1c
g/kg DM
ST 12.3 5.2 8.1
Fermentation stage Baled alfalfa silage Baled grass silage
9 13" day 30" day 70" day g da 15" 90" da
‘wet'  'dry’ 'wet”  'dry’  'wet’  dry’ y day y
pH mean 4.84a 4.87a 4.60b 4.41b 4.49b 4.74c 5.08a 4.55b 4c4.3
ST 0.13 0.05 0.22 0.15 0.08 0.14 0.33 0.15 0.08
'é;"l‘g'%;lc'd’ mean 71.26a 45.60b 89.77c 61.87d 84.70c 54.92b 68.01a 83.24b 99.77b
ST 7.06 5.08 2.55 3.45 6.50 5.76 6.54 11.93 11.72
Qﬁg'gﬁc'd' mean 25.29a 10.25b 26.13a 13.46b 25.50a 13.28b 9.56a 13.04b 16.27b

ST 1.89 0.85 4.98 1.73 5.08 1.70 1.06 3.17 1.98

Propionicacid, oo 024a 019a 040c 020a 052c 026a 022a 0.37b2c0.1

o/kg DM

ST 0.03 0.05 0.13 0.04 0.19 0.13 0.00 0.06 0.05
Butyric acid,
g/kg DM mean 0.000a 0.000a 0.00a 0.00a 0.09b 0.00a 0.000a 0.00a 0.54b

ST 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mean 25.53a 10.44b 26.53a 13.66b 26.20a 13.54b 9.78a 13.41b 16.92b
ST 190 0.86 5.09 1.72 5.14 167 106 3.22 3.02
mean 96.79a 56.04b 116.29c 75.53d 110.89c 68.47d 77.79a 96.65b116.70c

Volatile acids,
g/kg DM

Organic acids,

g/kg DM

ST 6.85 5.62 5.31 3.82 1044 6.61 7.14 1497 10.06
LA/AA mean 2.83a 4.46b 354a 4.65b 283a 4.46b 7.16a 6.52a 4a6.2

ST 0.40 0.42 0.73 0.61 0.50 0.49 0.71 0.76 1.22
Total sugar, mean nd nd nd nd nd nd 713a 515a  25.1b
g/kg DM

ST 17.75 1427 8.05

abcdMeans in the same row with different letters difje< 0.05)
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Introduction

In 2008, the USA produced 101.2 million tonnes dfole-crop maize silage (United
States Department of Agriculture, 2008) and ab@utd222 million tonnes of alfalfa haylage.
Approximately 82 to 84% of this silage was madebimker silos and drive-over piles.
However, the failure to implement proper silage ag®ement practices, especially proper
sealing technique, resulted in the unnecessarydbsgproximately 16 to 20 million tonnes.
Standard (std.) polyethylene, weighted with disedrdull-casing tires or tire sidewalls, has
been the most common method used to seal bunkdrpil@s, but organic matter (OM) losses
in the original 0.91 metres can exceed 30.0 % (@eagd Bolsen, 2006).

The use of an oxygen barrier (OB) filmv(w.silostop.com as an alternative to standard
polyethylene for sealing bunker silos and piles wesorted at the XlI International Silage
Conference in 1999 (Degano, 1999). Degano (1988 that the permeability of Silostop
film was 0.025 that of standard polyethylene filinttte same thickness. Oxygen transmission
rate (OTR) through standard polyethylene film usit@0% oxygen is 1812 cm3/m?3/24 h
(American Society for Testing Materials, ASTM D398%hile OTR through Silostop film
using 100% oxygen is 65.5 cm3/m2/24 h (ASTM D3983%hus, the permeability of OB film
was 0.036 that of the std. polyethylene.

This paper presents an Excel spreadsheet, whicmagss the economic benefit of
sealing ensiled forage or high moisture grain inkau silos and drive-over piles, and compares
two sealing methods, std. polyethlene and OB film.

Materials and methods

The spreadsheet was developed from research ceddaicKansas State University from
1989 to 1995, and equations published by Huck et(1#197). In the first section of the
spreadsheet, the user enters values for the faltpwdepth from the original surface to be
evaluated; silage price; as-fed silage densitiaakér or pile deminsions; percent of the silage
in the original depth lost during the storage aeddbut phases; and cost of the sealing
materials. The results are calculated and repdmtdte second section.

Results and discussion

Two examples from the spreadsheet, which compan&dusilos and drive-over piles
sealed with either std. plastic or OB film, aregeneted in Table 1.

In a large, 18.3 m wide x 76.2 m long, bunker silanaize silage, which has an average
depth of 3.66 m, sealing would prevent the losS.8fand 7.5 % of the original 3,637 tonnes of
crop ensiled for the std. plastic-sealed and QB-fiealed bunkers, respectively. The OB film
(bunker silo 2) would save an additional $2,714nwfize silage in the original top 0.91 m
compared to std. plastic (bunker silo 1).

In a27.7 m wide x 62.0 m long drive-over pile ¢fala silage, which has an average
depth of 1.98 m, sealing would prevent the los8.4fand 12.2 % of the original 2,054 tonnes
of crop ensiled for the std. plastic-sealed andfibB-sealed piles, respectively. The OB film
(pile 2) would save an additional $3,870 of alfafiage in the original top 0.91 m compared to
std. plastic (pile 1).
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Conclusions

The economics of properly sealing bunker silos drge-over piles makes it clear that

farmers should pay close attention to the detdithis troublesome task. Sealing with OB film
has a greater economic benefit than sealing withpetlyethylene.
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Table 1: Profitability of sealing maize silage inriker silos and alfalfa haylage in drive-over
piles with either std. plastic or OB film.1

Bunker 1 Bunker 2 Pile 1 Pile 2

maize maize alfalfa alfalfa

Inputs and calculations std. plastic OB film std plastic OB film
Silage value, $ per ton 45.00 45.00 67.50 67.50
Silage density in top 0.91 m, kg pef m 600 600 550 550
Density below top 0.91 m, kg pem 750 750 650 650
Silo depth, m 3.66 3.66 1.98 1.98
Silo width, m 12.2 12.2 27.7 27.7
Silo length, m 60 60 62.0 62.0
Silage lost in the original top 0.91 m:

unsealed, % of the crop ensiled 60 60 50 50

sealed, % of the crop ensiled 25 125 22.5 125
Cost of covering sheet, ¢ per sqgm 50 140 50 140
Total silage in the silo, tons 3,637 3,637 2,054 ,052
Total value of silage in the silo, $ 163,685 163,68 138,646 138,646
Silage in the orig. top 0.91 m, tons 761 761 860 0 86
Value of silage in orig. top 0.91 m, $ 34,262 32,26 58,020 58,020
Silage below the orig. top 0.91 m, tons 2,876 2,876 1,194 1,194
Value of silage below orig. top 0.91 m, $ 129,42329,423 80,625 80,625
Silage lost if unsealed, $ 20,557 20,557 29,010 01,
Silage lost if sealed, $ 8,565 4,283 13,055 7,253
Silage saved by sealing, $ 11,992 16,274 15,956 75281,
Sealing cost, $ 2,371 3,940 2,920 4,852
Net value of silage saved by sealing, $ 9,621 @,87 13,036 16,905
Net benefit from OB film, $ 2,714 3,870

T Numbers irbold are user inputs.
Values are from the data Bplsen et al. (1993), Berger and Bolsen (2006),klder et al (2008).
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New Procedures for the Conservation of Nearly Un-fenentable
Feedstuffs and High Moisture Grains

PIEPER B., KORNU., PIEPERR.
'Dr. Pieper Technologie- und Produktentwicklung Ginb6818
Wuthenow, Germany
? Institute of Animal Nutrition, Department of Vetery Medicine, Freie
Universitat Berlin

Introduction

Successful silage fermentation depends on bothraimaeconditions and a low pH. The
low pH is achieved through the conversion of sugarkactic acid by epiphytic and/or added
lactic acid bacteria (LAB). On the other hand, farmacid has been frequently used for effective
feedstuff preservation, especially under conditiorieere ensiled crops had low dry matter
content and low contents of water-soluble carbadiygd. Formic acid has been shown to reduce
pH, and concentrations of lactic acid, acetic aoid butyric acid in different kinds of silages
compared to untreated silages (Baytok and Muru@32®cDonald et al.1991, Nadeau et al.
2000). The current study was conducted to ensilfietmentable feedstuffs using a combination
of homolactic acid bacteriaLgctobacillus plantarumDSM 8862 and 8866) and a partly
neutralized FA with alkaline (FA NA).

Crop with dry matter content (DM) lower 85 % is ddionally storable and causes high
costs with increasing DM. Crimped wet grain (DM/’S %) can be inoculated with LAB and
successfully ensiled (Fig. 1).

Materials and Methods

Nearly un-fermentable feedstuffs were successfahsiled with a combination of
homofermentative acid bacteria (LABR, plantarum DSM 8862 and 8866) and a partly
neutralized formic acid (AmasilN3 in lab-scale and in industrial-scale. The compisuwere
added separately to the harvested material. Usibgratory silos, alfalfd,.olium, Poa, Holcus
and red clover of different dry matter content ¢84) and maturity were ensiled (Tab. 1)
Plant materials were mixed with fresh soil to irase clostridial counts in the fresh material and
increase the potential of butyric acid productioming ensiling. Treatments were control, LAB,
AmasilNA®, LAB+AmasilNA®, and LAB+molasses and the chemical preservativéasflo
liquid, respectively (Tab. 2).

Wet grain (DM < 75 %) was crimped immediately aftervest, inoculated with LAB
and ensiled. At DM > 75% water was added beforenming. The trials were done with
remoistened grain (model experiments) and harveshfgrain (field experiments) with barley,
triticale, wheat and corn at DM content of 75% &Bé&bo with and without addition of LAB.

Results

The combination LAB+AmasilNA led to lower concentrations of acetic and butyric
acid, reduced dry matter losses ands;MN, after a 90-day storage period as compared to
the other treatments (Tab. 3). The additive eftddtAB+AmasilNA® was the result of rapid
acidification to pH 4.4-5.0 caused by the formiddawith later lactic acid fermentation of
fermentable carbohydrates by the LAB inoculum uatiow and stable pH was achieved.
Fermentation characteristics indicate less spootaebut rather specific lactic acid
fermentation of carbohydrates, which is mainly dmu¢he sensitivity of detrimental bacteria to
formic acid which improves the hygienic propertasthe silage. Based on these results, the
combined but separately added use of LAB+AmasfiNand LAB+molasses can be
recommended as reliable procedures. LAB+molassassady a commonly used technology in
Germany. Using LAB+AmasilN® has been shown to produce more than 30,000ikagesof
highly un-fermentable feedstuffs.
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After 3 days the pH decreases faster and deepesedaby inoculation with LAB
depending on the water content (triticale: DM 75ntrol pH 6.5 — LAB pH 6.3; DM 65%:
control pH 4.9 — LAB pH 3.9). In the fresh harvesteticale the numbers of aerobic spore
forming bacteria and yeasts were drastically reduyethe LAB-inoculation after 50 days. Also
dry matter losses caused by fermentation are wevy(hearly 1%).

Summarizing the above ensiling of crimped remoistieor harvest fresh grain is safe and
low-loss possible using homofermentative lactiddsacteria. As shown in subsequent feeding
experiments with pigs the digestibility of nutrieris not negatively influenced. The digestibility
of organic substance tends to accompany with arease. In consequence of the reduced
phytate-phosphate as part of the whole phosphatéerb by ensiling the digestibility of
phosphate in the moist silages was clearly incoeéRieper et al, 2007).

Grain is cost-efficient to ensile using water anombfermentative LAB. The low
process-costs (Tab. 4) enable fully new possiedifor the production of hygienic cereals from
bringing-forward the harvest or in rain periodsha&mce the operating grade of harvest
technique, for the cultivation of intertillageswrdersown crops.
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Table 1: Characteristics of feedstuffs and factffecting ensiling process.

Feedstuff Al- Al- Rough Red Cocks Creeping Peren. Peren.
falfa falfa  blue- clover foot soft rye rye

Parameter 1 2 grass grass grass 1 grass 2
DM (%) 25.5 188 205 18.6 19.1 20.8 20.1 18.1
Crude proteih 16.0 235 18.4 18.5 19.1 16.8 15.8 16.9
Sugat 3.4 4.3 4.3 12.6 0.5 5.4 11.8 10.7
Buffering capacity 5.5 7.9 5.3 4.4 5.3 5.0 6.0 7.2
Sugar/buffer. capacity 0.6 0.5 0.8 2.9 0.1 1.1 20 15
NO; (g/kg) 0.4 150 184 11.2 4.3 10.4 0.4 0.2
Epiphytic LAB nd? 0.4 4.7 5.9 4.8 6.4 4.9 5.0

(Ig cfu/g)

1 9% of DM, not determined’g lactic acid/100 g DM
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Table 2: Treatment scheme with additives. Contotigined no additive, without clostridial
spores in the mentioned case (Alfalfa 1).

Feedstuff Al- Al- Rough Red Cocks  Creeping Peren. Peren.

Falfa falfa blue- clover foot soft rey rey
Treatment

1 2 grass grass grass 1 9rass?2
Clost. spores Igcfulg FM 0 3.3 3.3 3.3 3.3 3.3 3.3 3.3
LAB? Ig cfulg FM 5.5 55 5.5 5.5 5.5 5.5 55 5.5
FA NA3 liter/t FM 4,25 35 35 3.5 35 35 4 4
LAB? lg cfulg FM 5.5 5.5 5.5 5.5 5.5 55 5.5 5.5
+ FA NA® t+liter/tFM  +425 +35 +35 +35 +35 +35 +4 +4
LAB?! Ig cfulg FM 5.5 5.5 5.5 5.5 5.5 55 55 5.5
+ molasses +litert FM +35 + 35 + 35 + 35 +35 35 + 40 + 40
Chem. preé. liter/t FM 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

! Clostridial spores, > BIO-SIL®, Dr. Pieper Technologie- und Produktentwicklung lBm
® Amasil NR, BASF AG? Kofasil liquid, ADDCON Agrar GmbH.

Table 3: Effect of additives on the relative DNddes, fermentation characteristics and energy
content - average of all silages in comparisondatml (%).

Treatment Control  LAB! FANA®? LAB'+ LAB® + Chem.
FA NA? molasses preser-
Parameter vative’
DM-loss 106 83" 51° 37 63 68
Acetic acid 100 97 63 19 87° og
Butyric acid 100 1058 9 4° 4 4
Lactic acid 100 119 199 203 305 169
NH3-N/Niotal 10¢° 88 3¢ 19 27 59
Crude fibre 100 10¢° 94 oy 91° 93
ME* 100° 107 113 116 114 108
NEL® 10G% 104 110 112 117 106
DLG points 27 31 85 99 84 45

25 °Means in the same row with different superscrifffed(P < 0.05).
! BIO-SIL®, Dr. Pieper Technologie- und Produktentwicklung®bn? Amasil NA, BASF AG
% Kofasil liquid, ADDCON Agrar GmbH.
*Metabolizable energyNet energy for lactation (calculated).

Table 4: Dosage of lactic acid bacteria and wategrounded
grain for conservation

DM Moisture  LAB' Water Costs
of the grain (g/t FM) (I1t) (€M)
(%) (%)

73 27 1 - 0,74
75 25 1 10 0,77
78 22 1 40 0,78
82 18 1 90 0,80

!BIO-SIL®, Dr. Pieper Technologie- und Produktentwicklunghbn

2 price basis 2010
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Figure 1: Principle of the conservation of choppg@in with lactic acid bacteria and water
(Pieper et al, 2005)

+ homofermentative lab *

+ homofermentative lab * + water (wetted)
> | <
65% 70% 75% 80% 85%

dry matter content of the grain

* homofermentative lab = BIO-SIL®
Lactobacillus plantarum DSM 8862 and DSM 8866
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Introduction

The primary function of feed protein in the dietasprovide the ruminants with absorbed
amino acids (AA), often denoted as metabolizabletgan (MP) in the form ofe-amino
nitrogen. The MP requirement of ruminants is metnfrtwo sources: microbial protein
synthesized in the rumen and feed protein thatpescenicrobial degradation in the rumen. In
addition, endogenous protein is included in conmguthe MP supply and requirements in some
protein evaluation systems, e.g. NRC (2001).

Protein nutrition of ruminants is complex, becatise dietary supply of AA is modified
both quantitatively and qualitatively by microbif@rmentation in the fore-stomachs before
digestion in the small intestine. Total CP and slifge CP are of little value in protein
evaluation for ruminants, since dietary CP is qudytly absorbed as AA. Meta-analysis of milk
production trials (Huhtanen, 2005) indicated thadtabolizable energy (ME), and even dry
matter (DM) intake predicted milk protein yield pemses better than CP or digestible CP
intake, whereas MP intake was a better predictanitd protein yield than ME intake. When
high CP diets are fed a large proportion of apga@&hdigestion is a result of ruminal ammonia
production and absorption that does not provid®resl AA for the host animal. In a recent
meta-analysis (Broderick et al., 2010) zero ruménhb@lance (=CP intake — omasal CP = 0)
was obtained at dietary concentrations of CP amiernudegradable protein (RDP) of 147 and
106 g/kg DM, corresponding to ruminal ammonia-N anitk urea concentrations of 71 and
17.7 mg/100 ml, respectively. Above these concéotra a substantial proportion of CP is lost
as net ammonia absorption and subsequently agyiiha

Protein is usually the most expensive componentiaify cow diets. During the last
decades there has been increasing concerns of $¢ierms from dairy farms, both in the forms
of evaporative losses (ammonia N) to the atmospharckleaching losses (nitrate) to ground
waters. Feeding large amounts of supplemental iprigealso often associated with increased
phosphorus (P) intakes and emissions, since prstgaplements contain more P than forages or
cereal grains. Because of both economical and @mwiental concerns it is important to
optimize protein feeding.

Accurate and precise evaluation of feed proteiruevds a prerequisite for optimizing
production and minimizing environmental emissior@nf dairy operations. An ideal protein
evaluation system should quantify accurately thepguof MP from microbial protein and
undegraded feed protein (RUP) as well as the reoudnts RDP of rumen microbes and MP
(amino acids) of the host animal. Accurate estiomtf the distribution of manure N between
faecal and urinary N would be useful in predictiegvironmental emissions. Considerable
improvements in feed protein evaluation were matlerwCP or digestible CP were replaced
with the MP-based systems that differentiate the®PRBquirements of rumen microbes and
absorbed AA requirements of the host animal. Theept of diving feed protein into RDP and
RUP is theoretically a sound concept, but consldergroblems exist in determining these
protein fractions. In a meta-analysis based of INémnerican (739 diets) and North European
(998 diets) large datasets of milk production ssigdrediction error of milk protein yield was
only marginally improved by including effectiveqgtein degradability (EPD) in the model
together with intakes of total digestible nutrie(i®N) and CP (Huhtanen and Hristov, 2009).
a two variable model (microbial MP + feed MP) poteld milk protein yield markedly better
than total MP; and interestingly, the regressiorfoent of microbial MP was 5-fold
compared to feed MP. Protein supplies were estinaiecording to NRC (2001) protein
evaluation system. The lower coefficient for RURgests that its utilization was lower than
that of microbial protein and/or differences in Swoply of RUP were overestimated. This and
other meta-analysis of production data have dematest that it is important to evaluate the
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feed protein systems using the data from produdtiafs. The ultimate aim of feed evaluation
systems is to rank the nutritive values of feedstabrrectly; not only qualitatively but also
quantitatively.

With typical dairy cow diets the contribution ofrémes to the total CP intake is high, for
example in the dataset of North European feediatstwith dairy cows the average proportion
of forage CP was 56% (s.d. 11.9) of the total G&k&. Therefore understanding the factors that
influence the protein value of forages is importantoptimizing the supplementary protein
feeding in order to minimize N emissions from dadperations. The objective of this paper is
to discuss factors influencing forage protein valaed the strengths and weaknesses of the
methodologies used in estimating feed protein vétwedairy cows. Validation of different
approaches will be made using meta-analysis offdata milk production trials.

Microbial Protein Synthesis

Quantitatively microbial protein is the major scairof amino acids absorbed from the
small intestine (generally MP) in feed protein exion systems. The mean contribution of
microbial N to the total non-ammonia N (NAN) flowtd the omasum was on average 71% for
96 diets (Broderick et al., 2010). Because micrighiatein is the major component of the total
MP supply, it is essential to predict microbial feino synthesis accurately and precisely.
Reliable determination of microbial protein syntlses technically demanding, since it is
labour-intensive and it requires cannulated animéligesta and microbial flow markers.
Traditionally, measurement of compartmental nutriBows within the digestive tract and
microbial protein synthesis in the rumen have delbm sampling through simple T-cannulas
fitted either in the abomasum or proximal duoderftdi@rmon and Richards, 1997; Titgemeyer,
1997). Omasal sampling technique was developed tédegh et al., 1997) and modified
(Ahvenijarvi et al., 2000) to sample the digestanfithe omasal canal. Omasal sampling method
offers some advantages compared with duodenal sagnpl is less invasive - only rumen
cannula is needed (i), smaller endogenous conipifbuto digesta, especially CP (i) and
sampling takes before the hydrolysis in the abomashegins (iii). The method was evaluated
using meta-analysis (Broderick et al., 2010; Huaitaet al., 2010). The evaluation suggested
that the prediction errors of the estimates of oba@l protein synthesis were markedly smaller
than in datasets based on duodenal sampling aindla smarker (usually GDs) method. Close
relationships between ruminal and total NDF and @¢éstion, and between omasal NAN flow
and milk protein yield also provide credibility ¢ifie technique in rumen digestion studies.
However, the authors attributed the accuracy aadigion of the technique to the application of
triple-marker method in estimating digesta flonheatthan sampling site per se.

The analysis of omasal flow data (Broderick et2010) indicated that microbial protein
synthesis in the rumen was closely related to QN tdigested in the rumen (OMTDR). The
amount of OMTDR can not be measured in practice tharefore another parameter describing
the supply of fermentable energy for rumen micrabeseded to compute MP concentration of
a feed or diet. In feed protein evaluation modeilsrabial N synthesis is usually expressed per
kg digestible OM (DOM) that can corrected for sabses that provide either no or less energy
(ATP) for rumen microbes than digestible carbohtgka For example, silage fermentation
acids provide less (lactic acid) or no energy (VF#) rumen microbes (Chamberlain, 1987).
Restricting in-silo fermentation by gradually inasing the rate of formic acid application from
0 to 6 L/t increased the concentration of residuater soluble carbohydrates and decreased
concentrations of fermentation acids (Jaakkold.eP@06). These changes were associated with
increased microbial protein synthesis and duodBiAdll flow. In contrast, the diets based on
formic acid treated silages supported a greateratial protein synthesis than diets based on
hay harvested from the same sward (Jaakkola andaHeh, 1993). It could be expected that
the absence of fermentation products in hay wautdeiase microbial synthesis compared with
silage. However, the microbes had a better aceaessiltstrate in fresh compared with dried
forage that compensates for the smaller ATP suippie silage. In addition, a high proportion
of soluble N is present as peptides (Nsereko arak&®000) in formic acid treated silage that
may stimulate microbial synthesis.
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Likewise silage fermentation acids, long-chaittyfaacids, RUP or post-ruminally
digested starch and NDF do not provide energy farobial growth. Therefore, discounting
DOM for these substances should result in more rateuMP concentration. To test this
hypothesis mixed model regression analysis (Sr&i@001) effect was performed to compare
models predicting milk protein yield (MPY) usingndar and quadratic terms of MP as
independent variables (MPY = a + bMP + cylQuadratic term was included in the model to
allow diminishing returns with increasing MP intaKéne data consisted of 832 diets from 171
milk production trials with dairy cows. Microbial Biynthesis was computed DOM calculated at
maintenance level of feeding (DQMas a basis. a value of 145 g microbial CP peD&iM,,
was derived from omasal sampling data (Broderickl.e2010). When DOMwas discounted
for total acids (TA), fat expressed as ether ext(@&) and RUP or for combinations of these
factors the efficiency value was modified to maimtéae mean microbial supply constant for all
models. The models were compared to the currenersy$MTT, 2006) that uses digestible
carbohydrates (DCHO) + RDP as the basis computiimgotvial protein. The intake of RUP
was estimated according to the Finnish protein watadn system (MTT, 2006) that is
a modification of the Scandinavian AAT-PBYV systeltafisen et al., 1995). The goodness of
the models was compared using residual mean sqaen@adRMSE) adjusted for random study
effect and Akaike’s information criterion (AIC).

Differences between the models predicting MPY welatively small (Table 1), and
prediction errors were small (about 18 g/d). Quadraffects were highly significant
(P < 0.001)indicating diminishing responses to increased Mgpbku According to RMSE and
AIC milk protein yield was most precisely predictathen microbial protein synthesis was
calculated using DOM— RUP as a substrate. Discounting Dfgr TA did not improve the
model. Theoretically the model should have improwdce these fermentation acids provide
no or very little energy for rumen microbes. Tlssim contrast within vivo observations of
reduced MPS with increased extent of silage feratemt (Harrison et al., 2003). This effect
may be related to increased propionate productiom fsilage lactic acid that has been
demonstrated in the analysis of rumen fermentadita of cattle fed grass silage based diets
(Sveinbjornsson et al., 2006) with intraruminaltéde infusion study (Jaakkola and Huhtanen,
1992). Increased gluconeogenesis from propionaidnoprove the utilization of absorbed AA
for milk protein synthesis thereby compensating tbe reduced MPS with extensively
fermented silages. Reduced plasma glucose contientia cows fed restrictively fermented
silages compared with those fed high lactate ssiglygettinen and Huhtanen, 1997; Shingfield
et al., 2002) supports the hypothesis that glusagply may be more limiting with restrictively
fermented silages.

Although restricting in-silo fermentation has camsingly been demonstrated to increase
microbial protein synthesis, MPY responses to iastely fermented silages can almost
entirely be attributed to reduced feed intake (ldobh et al, 2003). In addition to limited
glucose supply amino acid profile of microbial giaot may not be ideal for cows fed grass
silage-based diets. Histidine is the first limitimgnino acid in dairy cow diets based on grass
silage and cereal grain supplements (Vanhatald.etl299; Kim et al. 2001). Because the
histidine concentration in microbial protein is tedly lower than in milk protein (20-2ds
26-27 g/kg amino acids), utilization of additioP derived from microbial protein may be
compromised by a sub-optimal amino acid profile. a@es in plasma amino acid
concentrations in the study of Miettinen and Hubtan(1997) support this suggestion.
Compared with well-preserved high lactate silagstrigtively fermented silage and post-
ruminal casein infusion produced similar increaBeplasma concentrations of lysine and
branched-chain and total essential amino acidsremsiseonly casein infusion increased plasma
histidine and it produced much greater MPY resp¢88evs. 102 g/d).
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Table 1: Prediction of milk protein yield from MBpply (MPY = a + bMP + cMB) computed

using different models in estimating microbial giat synthesis (P-values for B and C all
P <0.001)

A SE P-value B SE C SE RMSE AIC

DCHO + RDP -131 50.6 0.01 771 63.0 -1069.8 18.4 8145.5
DOMy, -119 47.6 0.01 774 59.2 -1128.5 18.3 8137.8
DOM,,-TA -42 445 0.35 704 55.0 -10017.3 18.0 8150.3
DOM,-EE -107 47.1 0.02 761 58.4 -1098.3 18.3 8150.0
DOM,,-RUP -128 49.7 0.01 767 619 -10494 179 8107.6
DOM,,-TA -EE -35 443 0.43 699 545 -10a7.1 18.2 8178.3
DOM,-TA -RUP -60 47.2 0.21 712 58.4 -98 184 179 8143.7
DOMp,-EE — RUP -120 49.6 0.02 759 61.6 -10B9.4 18.1 8132.2

DOM,-TA-EE-RUP -55 47.3 0.25 713 58.3 -1008.3 18.3 8189.7
SE = standard error
RMSE = Residual mean squared error, adjusted fadn study effect.
AIC = Akaike’s information criterion (smaller is ther)
DCHO = Digestible carbohydrates
RDP = Rumen degradable protein
DOM, = Digestible OM at maintenance level of feeding
TA = Total fermentation acids
EE = Crude fat (ether extract)
RUP = Rumen undegraded protein

Although fat does not provide energy for rumen whes, discounting DOMfor EE did
not improve the prediction of MPY. However, manytgin evaluation systems (Vérite and
Peyrand, 1989; AFRC, 1992; Tamminga et al.,, 1994d$¢n et al., 1995) discount fat in
calculating microbial protein. In contrast, in th&RC (2001) system fat has actually a very
strong contribution to microbial protein synthesécause a factor of 2.25 is used for fatty acids
[(ether extract — 10 (g/kg DM)] to calculate tothdjestible nutrients (TDN). In spite of being
theoretically incorrect, standard error of predintivas not higher for TDN compared with total
tract DOM (NRC, 2001). In a previous analysis (Hutgn and Hristov, 2008) MPY prediction
was only marginally poorer when the contributionntitrobial protein to the total MP supply
was estimated from TDN at maintenance than from RQMwvas discussed by NRC (2001)
that improved efficiency of microbial protein syalis may compensate for the reduced rumen
fermentability with increased fat intake. Fat s@opénts have consistently decreased protozoal
countsin vivo (Sutton et al., 1983; Hristov et al., 2004). Based protozoal populations in the
rumen are usually associated with reduced intrarahmecycling of N as indicated reduced
ammonia concentrations (Williams and Coleman, 19p&imarily as a result of a decrease in
proteolysis of bacterial protein by ruminal protaz(Broderick et al., 1991). Based on the
relatively small variation in dietary fat contemtdapossible increases in the efficiency of MPS
with increased fat content, discounting fat fromM@may not affect the prediction accuracy
of microbial protein synthesis. This is especiatlye for forages that have low variation in fat
concentration.

Theoretically, postruminally digested starch shootit be subtracted from DQVin
calculating microbial protein, since it does poivide energy for rumen microbes. The current
methods estimating ruminal starch digestibility en@ccurate (for discussion see Huhtanen and
Sveinbjorsson, 2006). It is therefore possible tmatecting the fermentable substrate for post-
ruminal starch digestion would rather increase thearease prediction errors in estimating MP.
Starch digested in the small intestine is absodseglucose that can reduce the use of amino for
gluconeogenesis. Increased glucose supply caeftiierimprove the utilisation of amino acids
for milk protein synthesis and thereby compensatélife reduced energy supply for microbial
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protein synthesis. Similarly, NDF digested in thiadagut does support microbial protein

synthesis and contribute to MP supply to the hoshal. The analysis of omasal sampling data
suggested that the contribution of the hind-gubtal NDF digestion is small (Huhtanen et al.,
2010), and its true variation probably small.

Subtracting RUP from DOMfrom the fermentable substrate in calculating nba@b
protein synthesis improved the prediction of MP¥nfir MP. This is logical, since by definition
RUP is escaping fermentation in the rumen. Withsulitracting RUP from DOWMIt would be
double-counted; energy for microbial growth andapscof feed protein. There is also some
evidence of negative effects of increased undegitiaof dietary CP on microbial protein
outflow from the rumen (Voigt and Piatkowski, 198[ftharraguerre and Clark, 2005).
The latter authors reported a 7% reduction in nhiedoprotein outflow from the rumen with
increasing RUP intake. However, meta-analysis ohsah sampling data (Broderick et al.,
2010) did not provide evidence for a lower effi@gnof microbial synthesis with reduced
ruminal protein degradability.

Increased feeding level can influence the supplynafrobial protein by two different
mechanisms: diet digestibility is decreased (NR@)12 and efficiency of microbial protein
synthesis is increased (Volden, 1999; Broderickalet2010). Digestibility decreases with
increased intake due to faster passage rate of gaditles from the rumen. Depression in
digestibility with increased feeding level is gmzafor diets that have high digestibility at
maintenance compared with poorly digestible didR€, 2001; Huhtanen et al., 2009).
Feeding level effects tend to be smaller for dietsed on grass silage and small cereal grains
(Huhtanen et al., 2009) compared with diets basechaize silage and maize grain based NRC
(2001). Increased net efficiency of microbial pmotgynthesis with increased feeding level also
results from faster passage rate of rumen fluid padicle phase. Consequently, microbial
turnover time decreases allowing a greater propomif fermentable energy (ATP) to be used
microbial growth instead of maintenance of thesc€ellhe positive relationship between DM
intake and microbial efficiency in omasal samplgtgdies is shown in Figure 1. The efficiency
increased significantly with increased intake, émel effect tended to be quadratic rather than
linear.

Does adjusting the efficiency of microbial protesynthesis and DOMfor actual intake
level improve the accuracy of protein evaluatiostemn? When DON was adjusted for feeding
level effects according to the model of Huhtaneralet(2009) and microbial efficiency was
adjusted using the linear relationship from Figlr@rediction error of MPY with the quadratic
MP model was slightly poorer (18.6) compared witle DOM, and DOM — RUP models
(see Table 1). The current analysis suggests thetra complicated system did not improve the
accuracy of predictions of milk protein yield respes. This is probably because these opposite
effects almost compensate for each other; on aggethg positive effect of feeding level on
microbial efficiency was slightly greater than thegative effect on digestibility. It is also
possible that additional factors in the proteinlegaon model generate errors. The NRC (2001)
discounts TDN for the feeding level effects, bueslmot take into account increased efficiency
of microbial protein synthesis with increased fa@gdke. This will result in greater requirement
of supplementary protein at high intakes and mitkdpction levels, and could partly explain
the lower milk N efficiency in North American milgroduction trials compared with North
European trials (Huhtanen and Hristov, 2009).
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Figure 1: The relationship between DMI and theoédficy of microbial N synthesis in the
rumen (n = 96 diets) estimated using a mixed reggjoesmodel. The values are adjusted for
random study effect (adopted from Broderick et2£10).
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Ruminally undegraded protein is another major sewfcmetabolisable protein. When
the microbial requirements of RDP are met, the suppMP to the host animal at given intake
level can only be increased by feeding protein kments high in RUP. However, ruminal
protein degradability of the most common proteipements is relatively high, and marginal
MPY responses to supplementary protein remain rdtdve (Figure 2). With a diet based on
lucerne and maize silage maximum protein yield whismined at 165 g/CP kg DM, whereas
with grass silage based diets positive responses wbtained at higher CP level. Better
responses with grass silage based diet could btedeto increased silage DM intake, whereas
with lucerne-maize silage diet total DM intake stdrto decline above 165 g CP/kg DM. With
soybean meal supplements the marginal MPY respease).10 — 0.11 g per g increase in CP
intake and with rapeseed expeller it was 0.15,ae8pely. Because the true CP digestibility of

protein supplements is high (soya close to 100%X®@% of incremental CP intake would be
excreted in urine.

Figure 2: Effects of increasing dietary CP concatitth on milk protein yield: a = soybean
meal (Olmos Colmonero and Broderick, 2006); B =as@ed expeller (Shingfield et al., 2003);
C = soybean meal (Shingfield et al., 2003)
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The value of additional forage protein is difficati determine without confounding
effects of digestibility, forage type etc. MarginglPY response was 0.16, when forage CP
concentration was increased by harvesting graagesat four different maturities (Rinne et al.,
1999). In contrast, manipulating silage CP conediatn by increasing the rate of N fertiliser
application had no effect on milk protein yield {{gifield et al., 2001; Arvidson, et al., 2009).
In the study of Shingfield et al. (2001) rapesee@gedier produced substantial production
responses with both low and high CP silages. Giffees in MPY responses to increased CP
intake between maturity and fertilisation effectgggest that increased energy (and microbial
protein) rather than feed protein supply was tfi@emcing mechanism.

Increasing dietary CP concentration by replacirasgrsilage with red-clover silage has
markedly increased protein flow the rumen (Dewhaetsal., 2003; Vanhatalo et al., 2009), but
marginal milk protein responses to increased imakprotein supply were minimal. Reduced
ruminal protein degradability is attributed to thetivity of polyphenol oxidase system that
inhibits proteolysis. The lack of milk protein yiekesponse to red clover despite increased
protein supply suggests that forage RUP is oklitthlue or other factors (e.g. energy) limit
production.

Determination of protein degradability

In practical feed protein evaluation ruminal protelegradability is determined by
incubation feeds in nylon bags in the rumen fofedé@nt periods of time. Thia situmethod is
also widely used determine NDF digestion kineti8sveral excellent reviews (e.g. Nocek,
1988; Stern et al., 1997; Noziére and Michalet-Rare2000; Hvelplund and Weisbjerg, 2000)
have been published. They provide a detailed insigto the sources of variation and
methodological aspects of the procedure. Insteadisifussing methodological details, this
paper attempts to focus on the effects of foraggradtability on protein yield responses
observed in production trials in lactating dairywsoand discuss possible limitations of
degradability models.

Kinetic models are then used to estimate degradgtézameters that are subsequently
used to calculate effective protein degradabilEyD) in the rumen. Disappearance of CP is
most commonly described using @rskov and McDonb®¥9) model:

P=atBx (1-d% [1]

where P = disappearance of CP at time = t, a aritiytdegraded fractiorB =in time
degradable fractionky is the fractional rate of degradation Bf fraction. Fraction that is
completely indigestible in the rume@)(is calculated as 1 --aB, i.e. the sum oA, BandC is
unity. Effective degraded protein is the calculaasd

EPD = a+ Bx ky/ (kg +ko), (2]

whereA, Band kg are as defined above akglis fractional rate of passage. Proportion of
undegraded or escape protein is given by the emuati

Escape € + Bx k,/ (ks +k;) =1 — EPD [3]

Ideally, fraction ais equivalent to forage solutNeand can be quantified as buffer
soluble N. For silages soluble N can also be amdlys water soluble N, since it is strongly
correlated with buffer soluble NRf = 0.82; n = 24; unpublished data from MTT, Finlarithis
fraction consists mainly of non-protein N (NAN) aachall amount of true protein. The basic
assumption of the kinetic model (drskov and McDdnal79) is that faction a is degraded at
infinite rate, i.e. the escape is zero. The sank@shioue also for Cornell Net Carbohydrate and
Protein System (Sniffen et al., 1992) that use Vegh default values for the digestion rate of
the A-fraction (NPN). However, there is a plenty of emde based on different methodological
approaches that this assumption is not correct.
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Omasal flow measurements have shown a considefiMe of feed soluble NAN
(SNAN = soluble N — ammonia N) with peptides bempgantitatively the most important
component (Choi et al., 2002; Reynal et al., 20¥0jden et al. (2002) fed a single dose of
silage soluble N to cows and estimated that appratély 10% of the soluble non-ammonia
N escaped rumen degradation in the liquid phaseniar value can be recalculated from the
data of Choi et al. (2002).

Hristov and Broderick (1996) estimated the flowNffractions from rumen pool sizes
and fractional passage rates of rumen solid amidighase. Outflow of alfalfa and corn silage
SNAN in the liquid phase was approximately 24% bé tdietary intake. Peltekova and
Broderick (1996) estimated using inhibiiarvitro technique that 20% of silage SNAN escapes
rumen fermentation. Hedqgvist and Udén (2006) egéchausingin vitro technique that
proportionally 25% of soluble protein in ryegrastapes ruminal degradation. In a redent
vivo study with dairy cows, proportionally 13% of SNAN *N-labelled formic acid treated
silage escaped ruminal degradation when estimatea fuminal™N kinetics (Ahvenjarvi et al.,
2007). They labeled grass intrinsically wifiN and isolated buffer soluble N that was pulse-
dosed into the rumen. Variation in the estimates SMAN flow probably reflects
methodological and dietary differences between ghalies in addition to contribution of
microbial SNAN flow (Choi et al., 2002; Reynal ét 2007).

Huhtanen et al. (2008) evaluated the effects afgsilwater soluble N on milk protein
yield (MPY) and N efficiency (MNE) using data fromilk production trials in which various
forages factors (e.g. digestibility, fermentatiarality, forage species) were studied (257 diets,
80 studies). Silage MP was calculated by usingstemt EPD value irrespective the proportion
of soluble N, i.e. assuming that solubility did notiuence degradability. Various parameters
were used in mixed model regression model in auiditd the total MP supply to predict MPY
responses.

Regression coefficient of soluble N was signifitantegative (Table 2) when it was
included as a second independent variable in th¥ lifrd MNE models with MP intake or
dietary CP concentration. This suggests that sikayigble N had a lower productive value than
insoluble protein; however quantitatively the effewas small since 100 g/kg total N difference
in soluble N corresponded 7 g/d difference in MA¥fe negative effect of soluble N on MPY
can almost completely be attributed to ammoniaihesregression coefficient for SNAN was
non-significant and quantitatively minimal. One twaf standard deviation (88 g/kg N in the
data) corresponded only to 1.7 g difference in MRMrginal effects of the SNAN fraction
(free amino acids, peptides and soluble proteinsM®Y and MNE were consistent with the
observations of considerable escape of this fradtiam the rumen. In contrast, ammonia N has
a negative effect on silage protein value. Whentgmigsis in the silo has proceed up to
ammonia N, this fraction does not provide energgreformed amino acids for rumen microbes
and no escape of amino N in the liquid phase.

-65-
Forage Conservation, 2010



Table 2: Effects of silage N components on milkginoyield (g/d) and milk N efficiency (milk
N/N intake; g/kg) when included in mixed regressidels with total MP intake or dietary CP
concentration (From Huhtanen et al., 2008).

P- P-
X1 X X3 Intercept Slope Slope value Slopg value RMSE R?
Milk protein yield (MPY)
MP 111 0.424 15.7 0.982
Soluble
MP N 143 0.428 -0.070 <0.01 15.2 0.984
MP  NHs-N 138 0.414 -0.190 0.004 14.5 0.985
MP  SNAN 111 0.432 -0.031 0.25 15.1 0.984
MP  NHs-N  SNAN 143 0.416 -0.182 0.01 -0.019 0.46 14.6 .98
Milk protein efficiency (MNE)
CpP 524 -1.51 0.01 6.2 0.932
Soluble
CP N 533 -1.51 -0.020 0.02 0.46 6.1 0.933
CP  NHzN 525 -1.49 -0.070 <0.01 0.14 6.0 0.937
CP  SNAN 523 -1.50 -0.003 0.81 <0.01 6.1 0.933
CP  NH-N SNAN 525 -1.49 -0.070 <0.01 0.000 0.98 6.0 0.936

2 RMSE and Rvalues are adjusted for random study effect

MP = metabolisable protein (g/d)

Soluble N, NH3-N and SNAN = concentrations of deli¥, ammonia N and soluble NAN
(9/kg N)

CP = dietary CP concentration (g/kg DM).

The small effect of soluble N, and especially SNANggests that N solubility does not
markedly influence the true protein value of grsitages or mixtures of grass, whole-crop and
legume (red-clover) silages. Although the degrddglof silage SNAN is most likely higher
than that of silage insoluble N, the differenceampensated by lower intestinal digestibility of
insoluble N. True digestibility of SNAN fraction mompletely, whereas indigestible fractions
including ADF-found N are all associated with thedluble fraction (Sniffen et al., 1992).

Broderick (1994) suggested atwo-compartment kinatiodel applying different
degradation and passage rates for soluble andibsisdN fractions. Theoretically this model is
more appropriate than the @rskov and McDonald (L197@del, which is used in most protein
evaluation systems to compute EPD values from degjien kinetic data. Equations for the two
pool-compartmental model for EPD and escape are:

EPD = ax Kgs/ (ks +Kpg), + Bx kgi/ (Kai +Kpi) (4]
Escape = & Kps/ (Kis+ Ko, + Bx kii/ (Kgi +kyi) +C (5]

where A, B andC are as defined earlierkys and kg are degradation rates for soluble
N fractions A) and insoluble degradable fractioB),( andk,s andk, are the corresponding
passage rates. It should be noted that althougddageadation rate of th&-fraction are much
faster than that of thB-fraction, the liquid passage rate is also muctefatan that of particles
in dairy cows at high intake levels. Consequenthg differences in degradability of these
fractions are much smaller than the large diffeeeéncdegradation rates may suggest. Equations
[4] and [5] are modifications of Broderick (1994)uations. He assumed that only soluble true
protein could escape and included other SNAN foasti(free amino acids and peptides) in the
completely degradabla-fraction. However, the later evidence from omasahpling studies
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(Choi et al., 2002; Reynal et al., 2007) indicdtest also free amino acids and peptides escape
from ruminal degradation. With this technique thenples are taken before the hydrolysis in the
abomasum commences allowing a more detailed imatgin of ruminal N metabolism.
The model [4] can be modified to exclude ammondanftheA-fraction.

Although the two-compartmental model seems to batiafactory approach, the practical
problem is how to determine the degradation raté-fsction. The method should be accurate
and precise, if feed specific parameters valuegairg) to be used in protein evaluation models.

One of the major problems of tiresitu technique is its poor reproducibility (Madsen and
Hvelplund, 1994). This was also demonstrated byriTetoal. (1998) in evaluating feed protein
systems. When MP supply was calculated using aaoh&PD value for all feeds, residual
predictions errors of production parameters werell@emcompared with MP supply calculated
using determinech situ values. The data consisted of 157 diets from @twmiatories that had
standardised their procedures of thesitu determination. The same conclusion can be made
from a meta-analysis of large datasets of North #gae and North European production trials
(Huhtanen and Hristov, 2009). Bacterial MP predidt&PY responses as well as the total MP;
i.e. the predictions were not improved by includihg feed MP to the total MP. Feed MP was
calculated according to the NRC (2001) system, liiciv degradation parameters are based on
a largein situ dataset. These findings do not imply that theee raw differences in protein
degradability between the feeds, but thatithsitu values are not more accurate than constant
values. This is demonstrated by a hypothetical @karm Figure 3. The EPD values of five
feedsin situ were 50, 60, 70, 80 and 90%, and the corresporitling” values 60, 65, 70, 75
and 80%. In this case the mean square errors fadex@actly the same (7.1%). For example, in
situ underestimated EPD of Feed 1 by 10 %-unitsamestimated that of Feed 5 by 10 %-
units, whereas the reverse was true for constabt EP

Figure 3: a hypothetical example of errors with thesitu and constant EPD values
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Because of low reproducibility of thia situ method, using forage EP values that are
estimated using empirical equations derived frofmeptsilage parameters. Yan and Agnew
(2004) published models that prediciedsitu EPD precisely R ~ 0.80). The most complete
model based on concentrations of DM, CP, NDF, pitio of soluble N in total N (all
expressed as g/g) and the ratio between lacticaadd/FA is given below:

EPD (g/g) = 0.758 + 0.701 x CP — 0.167 x DM — 0.XDF + 0.251 x SN/N + 0.002 x
LA/VFA [6]

According to the model silage EPD will increase hwihcreased CP concentration,
N solubility and lactic acid to VFA ratio and it Widecrease with increased concentrations of
DM and NDF. Rinne et al. (2009) calculated silagl Msing EPD values calculated with
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equation [6] or according the Finnish protein eatibn system (MTT, 2006) that uses
a constant EPD for silages. Concentrate MP wasileaésl in both cases using the MTT (2006)
system. The MTT (2006) system predicted MPY bettempared with using EPD values
computed using Yan and Agnew (2004) equations €r8hl Residual analysis showed that
productive value of low EPD silages according tonYand Agnew (2004) model was
overestimated and that of high EPD silages underated.

The Yan and Agnew (2006) model predicts higher EBIDes for high CP and low NDF
silages compared with low CP and high NDF silagdsese differences may at least partly
result from relative differences in the contribatiof microbial contamination of undegraded
feed residues. Incubation of intrinsicalfN labeled feeds demonstrated that a large proportio
of residual N is of microbial origin (Varvikko ariddndberg, 1985), especially for feeds of low
CP and high NDF concentration. Since forages tyjyiteve relatively low CP and high NDF
concentration, microbial contamination can severéifluence forage EPD estimation.
Michalet-Doreau and Ould-Bah (1989) developed tgoations to correct the EPD values for
microbial contamination; one was related to CP #redother to CP and NDF. Interestingly,
their coefficient for correcting EPD values for tthiéerences in NDF concentration was similar
to those in the equations of Yan and Agnew (20@4) dstimating EPD values from the
laboratory measurements. This suggests that thiatiearin silage EPD values that is related to
CP and from NDF concentration can reflect diffeemin the extent of microbial contamination
of undegraded residues.

Table 3: The effects of different equations ofcéiffe protein degradability (EPD) estimation on
prediction of milk protein yield from estimated atwilizable protein supply (Y = a + BX)

N A s.e. B s.e. RSME
All data
Basal model 397 92 19.4 0.437 0.011 16.16
Yan & Agnew 397 76 20.7 0.456 0.012 17.55
Soluble N data
Basal model 248 103 22.1 0.442 0.012 14.53
Yan & Agnew 248 95 24.2 0.454 0.014 16.40

' Root mean squared error

Lower degradability of high NDF low CP silages ablle associated with reduced
intestinal digestibility of RUP. Nitrogen insolgbln acid detergent (ADIN) tends to increase
with advancing maturity (e.g. Rinne et al., 199Tizélde et al., 1999) leading to reduced
digestibility. Concentration of ADIN can be analgizehemically, but it can also be predicted
from iNDF concentration rather accurately (Figuyje@oncentration of iINDF is closely related
to forage digestibility (Huhtanen et al., 2006)das an essential parameter of mechanistic
models predicting nutrient supply.

Prediction error of quadratic MP model remained hamged (18.7) compared using
a constant (0.82) RUP digestibility, when Yan angnéw (2004) equations were used to
predict silage EPD and digestibility of silage Ru@s calculated as (RUP — ADIN) / RUP.
Prediction error was smaller (17.8) when constaities were used both for EPD and RUP
digestibility according to the Finnish protein axation system (MTT, 2006). This analysis was
based on 822 diets in 170 studies. The resultsestigigat there is no such variation in ruminal
degradability or intestinal digestibility of silageUP that is predictable from other silage
components and influence productive value of silpgeein. Considering the methodological
problems and low reproducibility of ruminal situ and intestinal mobile bag technique it is
even more unlikely that such differences can beadetl by direct determining EPD and
intestinal digestibility.

Passage model for insoluble proteinB-fraction)
Most feed protein evaluation systems use the @rskal McDonald (1979) model in
calculating EDP from th@n situ kinetic parameters. The model assumes that papadsage
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from the rumen follows the first-order kinetics and

Figure 4: Relationship between iINDF and ADIN cortcations (unpublished data from MTT,
Finland)
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ignores the mechanisms of selective retention efl fparticles. However, the marker
kinetics data estimated from duodenal samples giyoimdicate that the passage of feed
particles cannot be described by assuming the rumarsingle first-order kinetic system (Ellis
et al., 1994; Huhtanen et al., 2006). Both intdally (ADF-"N) (Huhtanen and Hristov, 2001)
and extrinsically (Lund et al., 2006) labeled faragshowed an ascending phase of marker
excretion curves. The passage rate estimated frmmdescending phase of marker curves
clearly underestimates the residence time in tineeruduring which the feed is subjected to
degradation.

Allen and Mertens (1988) presented a model comguBDF digestibility for the two-
compartment system including selective retentiorfeed particles. The same model can be
applied for theB-fraction protein, since most likely the passageeit of insoluble protein
follows that of NDF. Selective retention has eveemdemonstrated for concentrate particles or
labelled faecal particles (for references see Hriat al., 2006). Equation [4] can be extended
to include selective retention of feed particlesh@ rumen as follows:

EPD = ax Kys/ (Kis+Kog) + BX [Kai/ (Kai + ki) X (1 +Ki/ (Kai +Kpi)] [7]

wherek; is the rate of release of particles from rumen escapable pool (large particles)
to escapable pool (small particles) and the otlacarpeters as described before. The model is
shown graphically in Figure 5
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Figure 5. Schematic model of ruminal protein degtémh considering escape of soluble NAN
and selective retention of insoluble feed particlesind B refer to protein fractions in the
@rskov and McDonald (1979) model.

Feed Protein

o /N

Ky
«—| Soluble Insoluble CP (B) ’ :
CP (A) NE-pool
Kos Ko
A\ 4 k '
Insoluble CP o
E-pool

[

The effect of the model assumptions have a strofigeince to calculated supply on
digestible RUP. Concentrations &fB andC fractions for two example forages were assumed
to be 400, 550, and 50 and 600, 350, and 50 gdaperctively. In the two compartment model
the residence time @-fraction was assumed to be 35 h [15 + 2&;% 1/15 = 0.067/h anki,
= 1/20 = 0.05/h] and assumilkg, andk,s values of 1.50 and 0.15/h for tAgfraction A. a value
of 0.08/h was used dg; for the B-fraction. The difference in the flow of digestibRUP
between the two example forages decreased fromhé@ whe Jrskov and McDonald (1979) to
19 g/kg when the escape Affraction and selective retention Bffraction were included in the
model. This is consistent with the analysis of picitbn data that strongly suggest that the
variation in the RUP supply is overestimated. Aselyof omasal sampling data (Broderick et
al., 2010) also indicated that the differencesaftow feed N are smaller than predicted by the
NRC (2001) model (Figure 6). The slope of residaahblysis was significantly negative
indicating that the differences in feed N flow wesmaller than predicted. Part of RDP was
recovered as RUP and part of RUP was recovered&siirstatistical analysis of the flow data.
The former could be related to the escape of SNANhie liquid and the latter to the
underestimation of rumen residence time by one-eotngent passage model. In omasal flow
data the relative value of feed N was 0.68 of thlamicrobial N in two variable model
predicting milk protein yield. This value is mucigher than the corresponding ratio (0.2) in the
meta-analysis of milk production data (Huhtanen BEinidtov, 2009) when the protein supply
was estimated according to the NRC (2001) systemchvsmaller coefficient in production
data indicates an overestimation of the rangeerstipply of RUP, i.e. true differences in RUP
supply were smaller than predicted.
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Figure 6: Relationship between predicted (NRC, 2001d observed feed N flow (Brodrick et
al., 2010).
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Silage Analysis

For practical ration formulation it is important kmow which chemical and biological
parameters are important in describing productreggin value of forages. To determine which
forage parameters are important in predicting npitbtein yield responses a mixed model
regression analysis was carried out. Forage paeasnetre included in the model in addition to
MP supply from concentrate feeds. The data combsistéd27 treatments means from 98 milk
production trials. Silage DM intake and D-valuer(centration of digestible OM in DM) were
clearly the most important parameters in deterngifitPY responses when expressed per unit
of standard deviation (SD) of the parameter (T@)leRelative silage DM intake potential can
be predicted accurately from silage parameters ttalue and fermentation quality being the
most important parameters (Huhtanen et al., 20®iWge D-value can be reliably estimated by
laboratory methods and NIRS provided that the nustare properly calibrated and validated
with thein vivo digestibility data (Huhtanen et al., 2006). Themsy effects of silage DM intake
and D-value in predicting MPY responses indicagertficrobial protein is the major component
of MP in silage. This is obvious, since the suppfyfermentable energy from silage for
microbial synthesis is a function of these two a&hiés. The contribution of silage CP
concentration on MPY responses was surprisinglyllsarad it only approached statistical
significance. On average silage DM intake (11.1dkdghe marginal responses to increased
silage CP concentration was only 0.018 (= 0.21rggp€P/kg DM) / (11.1 kg/d x 1 g/kg DM).
The low value can be due to the lower energy sufspiy CP compared with carbohydrates to
rumen microbes (1), enhanced degradability withdased CP concentration (2) and/or poor
amino acid composition of forage RUP (3). The lowefficient silage CP concentration
suggests that forage CP is of minor value as acsouafr utilizable protein beyond the level of
microbial requirements of RDP. It may be concludkdt ideal forage to sustain high
N efficiency in milk production would have a higlgestibility and low CP concentration.

The effects of silage ammonia N and SNAN in thisadet were consistent with earlier
study (Huhtanen et al., 2008) including data onbnT studies in which various forage factors
were investigated. As discussed earlier, negatifexts of ammonia are related to the loss of
fermentable energy and other growth factors (eeg &mino acids and peptides) during in-silo
fermentation. In contrast, silage SNAN had neeeffon milk protein yield. As discussed
earlier, according to the assumptions of the wideded @rskov and McDonald model this
fraction should not escape from the rumen, but expmmtal evidence based on different
methodologies has invalidated this assumption.réhevery of a pulse dosiN labelled silage
SNAN was greater in dairy cows a grass silage-bdidhan that of ammonia N (51 vs. 44%)
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suggesting a better microbial utilisation of NANh@x than ammonia N (Ahvenjarvi et al.,
2007).

Additional parameters [silage concentrations of BiMl NDF, dietary concentrations of
lactic acid, VFA, total acids and iINDF, proportiohlegume (mainly red clover) in silage and
harvest (primary vs. regrowth)] were neither statally significant nor improved MPY
predictions when included separately as an additiparameter into the model shown in Table
4). Because the concentrations of DM and NDF agatiely related to silage degradability
(Yan and Agnew, 2004), degradability of red clogdage is lower than that of grass silage
(Dewhurst et al.,, 2003; Vanhatalo et al., 2009)DiNis positively related to ADIN
concentration (Figure 4) and silage acids do ngbplsu energy for rumen microbes
(Chamberlain, 1987), it could have expected thdeast some of these theoretically justified
parameters had improved the model. Several reasm$e suggested for this: variation and
consequently expected effects are small (i), tiiectf are compensated by other factors (ii),
there are compensatory mechanisms in metaboligin garameters can not be accurately
analysed (iv).

Table 4: The model predicting milk protein yielddjgfrom concentrate MP intake and silage
parameters (n = 527; RMSE adjusted for random seffigct = 15.7)

Response
Effect Unit Estimate SE P-Value Mean SD per SD unit
Intercept -270 42.2 <0.0001
Concentrate MP kg/d 492 19.4 <0.0001
Silage DM intake  kg/d 28.6 1.39 <0.0001 111 1.34.0
Silage D-value g/kg DM 0.64 0.075 <0.0001 675 4126.3
Silage CP g/kgDM 0.21 0.118 0.08 157 224 47
Silage ammonia N  g/kg N -0.23 0.069 0.001 50 259
Silage SNAN g/kg N -0.029 0.0239 0.23 517 87.6 25

1 SNAN = Water soluble N — Ammonia N

Conclusions

Most of the variation in MP supply from foragespaprs to be related to microbial
protein and therefore accurate and precise estmatfi forage digestibility is essential also for
accurate predicting of protein value. Variatiorthie supply of undegraded feed protein supply
from forages appears to be small; at least wheeolitcerns milk protein yield responses.
It appears that the current experimental methodpimal in situ nylon bag incubation,
overestimates the differences between the feedsirmnal protein degradation. This partly
because of inherent problems of the technique anttiylue to the false model assumptions in
calculating degraded protein. Therefore it is uglljkthat protein values based on determined
degradability predict productive value of foragetpin better than values calculated using
constant degradability. This does not mean thatrethare not differences in ruminal
degradability, but current techniques are not ateuenough to result better estimates than
using a constant degradability. In is also posditée reduced forage degradability is associated
with reduced intestinal digestibility of RUP. Prapon of soluble N in total N, especially
SNAN, has relatively small influence on productixadue of forage protein. However, it should
be noted that when high solubility is related tteesive and/or poor fermentation milk protein
yield will be decreased. Reduced performance camostl completely be attributed to reduced
intake potential. Developing protein evaluation misdand experimental methods to determine
parameters required in the model it is essentéltthe models and methods are validated using
the data from production trials. Complications andhiew parameters for practical protein
evaluation models can only be justified if predios of production responses are improved.

-72-
Forage Conservation, 2010



Due to complicated interaction both in digestiord anetabolism adding new factors and
parameters to factorial or semi-mechanistic progialuation models may increase prediction
errors of milk protein yield unless for example th&eractions between absorbed nutrients in
tissue metabolism are taken into account. Mechardghamic models such as the Nordic dairy
cow model Karoline (Danfaer et al., 2006) may pdevia tool a solution to handle the
complicated interactions better than the currerdeis
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Mycotoxins, GMO and Bulk Feed
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Zahradni 1, 664 41 Troubsko, Czech republic

Abstrakt

The work objective was to compare the content ofatgxins entering the food chain
from the maize silage. The paper includes threesyebservation. The content of mycotoxins
was assessed in maize silages after four planégiioh strategies against European Corn Borer
GM hybrid MON 810, commercial isoline Monumental daftwo insecticide protection
(chemical insecticide or biological protection gsinvasps). Mycotoxins assessed were
deoxynivalenol (DON), fumonisin (FUM), and zearaen(ZEA). The experiments have
demonstrated very low or no contamination of GMQzmdy ECB and subsequent analysis of
Fusarium mycotoxins showed a correlation with ihgesistance, i.e., mycotoxin content in
GMO material was lowest compared to the highestezdnn the control untreated maize.
Keywords: maize, silage, mycotoxins

Introduction

One of the most important factors affecting theltheaf animals, their efficiency as
producers, and the quality of livestock productshis feeding ration. Feedstuffs may contain
harmful substances that negatively affect not dméyhealth of animals, but also the safety and
acceptability of their products. These harmful saibses may contain contaminants that were
created during the production, preservation anthgwof these feedstuffs, or even during their
technological processing. Often, this involves saommon contaminants as fungi and their
toxins. The occurrence of fungi on maize harvedwmdsilage, which has higher stubble
remaining after cutting, is partially eliminated Esg as the upper part of the ear is not
contaminated by European corn borer (ECB - Ostninibilalis). Corn borer damage leads to
fungal contamination which can subsequently spteaather parts of the plant. In the case of
harvesting severely contaminated and older maiaatplwith high dry matter content, the
material is usually contaminated with Fusarium spyhich leaves its toxins in the silage,
decreasing its digestibility, reducing productidficeency, and negatively influencing animals’
health. The appearance of fungi and their mycogxian also be expected if the silage
production technique was not in accordance wittp@rastandards. Especially problematic are
slow and interrupted ensiling, contamination withl,Sfailure to cover the material, leakage of
rainwater, insufficient sealing against air, etbe$e factors lead to greater contamination with
undesirable bacteria and fungi that might causerskry fermentations and not only result in
loss of nutrients but also put at risk the healtld @hysiological functions of the animal
consuming the silage.

Mycotoxins are secondary metabolic products fronuleh® belonging in particular to the
Aspergillus, Penicillium and Fusarium genera. Mibran 300 secondary metabolites have been
identified although only around 30 have true togroperties which are of some concern.
Toxinogenic moulds may develop under all climatoditions on any solid or liquid supports
as soon as nutritional substances and moistures\aativity Aw over 0.6) are present, hence
the wide variety of contaminated foodstuff substsatThese toxins are found as natural
contaminants in many feedstuffs of plant originpessally cereals but also fruits, hazelnuts,
almonds, seeds, fodder and foods consisting ofnanufactured from, these products and
intended for human or animal consumption. Two gsooftoxinogenic (mycotoxin producing)
fungi can be distinguished. The first one consétsingi (such as Fusarium) which invade their
substrate and produce mycotoxins on the growingtplbefore harvesting: this is the category
of field (pre-harvest) toxins. Aflatoxins and Fusam toxins are included in this group. The
other group contains fungi which produce toxingrmaftarvesting and during crop storage and
transportation. These toxins are named storageo&rharvest) toxins and ochratoxin a belongs
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to this group. Mycotoxins are small and quite stabblecules which are extremely difficult to
remove or eradicate, and which enter the feed chiile keeping their toxic properties.

Issues regarding mycotoxins in forages have beenhmdiscussed in recent years.
In considering the health risks connected with dieek consumption of corn silage
contaminated by mycotoxins, we can divide thisdapio three parts: 1) issues associated with
the growing of maize; 2) issues relating to maiaevlsting and silage production; and 3) the
feeding process and the possible removal of dangarontaminants from the feedstuffs. In the
Czech Republic’s soil and weather conditions, tlEnnmycotoxin producers are soil fungi of
the genus Fusarium.. In discussing this area aitehas focussed on growers’ interventions
that may decrease the contamination of plants é&setipathogens and so to create conditions for
a lower content of toxic metabolites. From the renipectrum of technological possibilities,
the most important are: the cultivar and its tygy, matter content, and phytopathological and
biotechnological steps toward reducing damage #mtpl by ECB. Among biotechnological
steps, we refer mainly to the cultivation of GM meaivith incorporated Bt toxin.

Material and Methods

Damage to plants by ECB allows infection by fungathogens, and is one of the factors
that increase the possibility of contamination bycotoxins. Experiments carried out over
several years have compared protection of maizenstggdCB using 1) a genetically modified
Bt-hybrid, 2) traditional protection using inseaties, 3) biological protection using wasps of
genus Trichogramma, and 4) a control variant (eolio Bt-hybrid Monumental). ELISA
quantitative tests for mycotoxins analyses wereluse

Results and Discussion

These experiments have demonstrated very low arontamination of GMO maize by
ECB. a 70-95% effectiveness was achieved usingticg#es. The effectiveness of biological
approaches was strongly dependent upon the weathelitions, but the average effectiveness
was less than that using chemical protection. Suesg analysis of Fusarium mycotoxins
showed a correlation with insect resistance, iggotoxin content in GMO material was lowest
compared to the highest content in the controlaatéd maize (tab. 1).

Table 1: Number of insect corridors (50 plants)gieyple from 2007)

silage corn grain DON
Control 100 % (43) 100% (60) 100 % (540 ppb
Insecticide 4% 8% 0
biological control 50% 50% 60%
BT hybrid 0% 0% 10%

It should be noted that the mycotoxin content in @lvhaterial was not always zero.
Even if this material was not attack by ECB, thderial could still have been contaminated by
fungi of the genus Fusarium, because the genetidifitation is intended as a protection
against damage done by insects and it does n@&aserthe resistance against fungal pathogens.
Notwithstanding all the questions that are relaedhe use of genetically modified plants,
cultivation of GM maize can be recommended from thevpoint of decreasing mycotoxine
contamination. Thirty four studies abolktisarium mycotoxin contamination in isogenic BT
maize and non-Bt maize hybrids grown in Europe, USAuth America and Asia were
analyzed. Thirty out of total amount of studies Binmaize came to the conclusion that Bt
maize is less contaminated with mycotoxins (FUM,NDQ@EA) than the conventional control
variety in each case (Ostry et al. 2009).

A list of mycotoxins of interest which are of soguncern for the safety of animal feed in
the European Union was published in an EU SCAN ntefleU SCAN, 2003). It includes
Aflatoxin B1 (AFB1) and Ergot sclerotia, which aebject to Commission Regulation (EC) No
1881/2006. Zearalenone (ZEA), Deoxynivalenol (DO@Ehratoxin a (OTA) and Fumonisins
(especially Fumonisin B1, FB1), the maximum levels which are now recommended
(Commission Recommendation 2006/576/EC). Thisalsb includes T-2 and HT-2 toxins
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Bt-maize was cultivating on 8,300 ha in the Czeepublic in the year 2008 and making
the country the second-largest grower of Bt-maizthe EU after Spain, with about 70,000 ha.
In 2009 was a little smaller area about 7000 hareBis afforded not only for maize grain
production but also for silage production from neaiZhis protection is more important for
locations with a higher occurrence of this pedhim past, and in later-maturing maize hybrids,
for which the interval between the Corn Borer's daswn and the harvest is extended.
The results from the subsequent experiments irglidhe equivalence of the nutrient
composition and feeding value between Bt maizei@naear-isogenic control. The digestibility
of crude fibre and nitrogen-free extracts of Bagéd determined on whether was higher than that
of the control silage (KZova et al. 2009)

A separate chapter relates to the harvesting afenés quality, the subsequent speed and
quality of its ensiling, and the quickest possi#aling of the silage against air and its covering.
Recommendations, for increasing the quality ofgglare provided. There can be no exception
in practice if there is not to be secondary contetidbn of the ensiled material by “storage
fungi”, which may be connected with mycotoxin protlon. The article’s authors have
analysed a wide range of samples collected durivgg e@nsiling processes from individual
locations of trench silos, as well as samples llaate been taken from the face of the silage
when loading out the silage for feeding. The rasglnfirmed that if the ensiled material
contains a greater amount of mycotoxins, then thasebe found across the entire profile of the
final silage. If mycotoxins are present during feriod of silage fermentation they are also
present at the final opening of the silo. The cosicn is drawn, that if maize cannot be
cultivated without the possibility of mycotoxinsibg present, then the ensiling process will not
decrease the amount of those substances, becasse ale chemical compounds with high
thermal and chemical stability.

Conclusion

Mycotoxins contamination of maize products could ipeportant negative factor
decreasing feed safety for farm animals. Plantget@in strategies against European Corn Borer
including GMO Bt-hybrid is good way to reduce natlyinsect incidence, but mycotoxin
content too.

The results have been obtained during the projd#$3043 and QH71041, supported by
the Ministry of Agriculture of the Czech Republiand the MSM262960800, supported by
Ministry of Education, Youth and Sports of the Qz&epublic.
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Investigation of Clostridial Spores in Swedish Daly Herds
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Introduction

Clostridiumbacteria contaminate the forage at harvest byaswilmanure that have high
spore counts. Growth dElostridium bacteria in silage is a problem in dairy productias
Clostridial spores can be transferred from thegsileo the milk through the faeces. Milk with
high spore counts disturbs the cheese making moaed results in cheese that cannot be
marketed (Pahlowet al., 2003). Therefore, spores are analysed at the daogs and too high
of aspore count can result in areduced milk pfaethe producer. This study aimed to
investigate differences in management between dairgls in south-west Sweden that had high
or low spore counts in the milk and to advise theniers on methods that potentially result in
decreased spore counts in silage and milk.

Material and Methods

The study included 23 farms in south-west Swedémwhach half of the herds had high
spore counts in the milk (> 600 spores/ml milk)idgr65% of the time during the 16 month-
period before the start of the project, whereasother half of the herds had low spore counts
for several years. The herds were further divided the amount of manure applied on the leys;
from no manure to 100 tonnes per hectare. Sampiemnhlysis of Clostridial spores were taken
of stored manure at spreading and of soil, grovgrags-clover forage and of wilted forage at
each harvest in the summer of 2007. Grass-cloleges from silos and round bales, silages or
feed mixtures in the feed trough and faeces frarcthws were sampled twice during the indoor
period of 2007-2008 in all of the herds. Additidpalsamples of wilted grass-clover forage
were taken at each harvest and samples of stdag $rom the silos were taken on farms with
elevated spore counts in 2008-2009. Samples afesiba feed mixtures in the feed trough and
of faeces from the cows were taken twice duringitidwor period of 2008-2009 in all of the
herds. The milk was analysed monthly for Clostlidspore counts by the dairy coops.
Cleanliness of the cows was registered on ascala fl to 3, where 1 was clean, 2 was
moderately dirty and 3 was very dirty, at the farisits. The silages were stored in towers,
bunkers, clamps, tubes or as round bales. Use dbtyae of silage additives were recorded.
Samples for analysis of Clostridial spores werem@adin the middle of the silage surface or
tube, 200-300 mm from the edge of the silage saréaw from the silage that was going to be
fed the same day as the sampling. The Clostrigiakes counts in feed and faeces were
determined at Eurofins laboratory, Lidkdping, Swed&onsson, 1990) whereas the Clostridial
spore count in milk was analysed at Steins laboyattbnkoping, Sweden (Cerf and Bergere,
1968). The freshly fed silage also was analysedfdomentation characteristics at Eurofins,
Sweden. Results shown as log values are presestatedians with minimum and maximum
values within parenthesis, otherwise the resutpaesented as means and standard deviations.

Results and Discussion

Clostridial spore counts in the soils were highg (83 (2.5-3.9)/g) but unaffected by the
application rate of the manure that had high spownts (log 3.2 (2.0-4.9)/g). Growing and
wilted forage contained very little spores (< lo§/8) and they were unaffected by manure
application rates. Herds with low milk spore coumsl no elevated spore counts in the silage in
the middle of the silage surface but 14% of theasfrom herds with high milk spore counts
had a spore count of log 3.5 (3.5-5.8)/g in thedi@f the silo surface. High Clostridial spore
counts from silage near the edges of the silagiasirwere found in 64% of the samples
(log 3.2 (2.3-4.7)/g) from normal herds and in 7d%the samples (log 3.9 (2.3-5.0)/g) from
herds with elevated milk spore counts. Forty-onega of the total number of samples from
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round-baled silage had elevated spore counts (IBg231-6.1)/q). Fifty percent of the herds
with high milk spore counts stored the silagescasd bales only and 1/3 of these herds used
silage additives, whereas the other 50% of the shaith high milk spore counts stored the
silage in bunkers, clamps or tubes and almostfahese silages were treated with additives.
Twenty-seven percent of the herds with low milk rep@ounts used round bales, most
commonly without additives. The remaining 73% oé tmormal herds used towers, bunkers,
clamps or tubes, usually with an additive appliedhe silage. As expected, silage DM content
affected fermentation characteristics and was eorded by the effect of additive and storage
type (Table 1). The additives used were bactemaculants and acids in about equal
proportions between herds. The inoculants wereuarmixtures of lactic acid bacteria and the
acids were mixtures of formic acid and propioni@adhe silages generally had high ethanol
concentrations, especially in the untreated silage008-09, which also had high butyric acid
concentrations, which basically originated from twamples with very high butyric acid
concentrations (64 and 68 g/kg DM). However, theliare Clostridial spore count in these
untreated silages was log 2.0 (2.0-3.5), which a@sal to the median spore count of all the
other silages. The percentage of silage sampldgs spbre counts > log 2.0 was higher for
untreated than for treated silages in 2007-08 (25%10%) whereas the opposite was true for
2008-09 (8% vs. 25%) in problem herds. These resntticate that proper ensiling technique
always is very important for a successful fermeoteto occur, even when additives are used. It
Iso is important to use recommended applicatitesraf the additives.

Table 1: DM, pH and fermentation products in gratsver silages sampled fresh before being
fed to the herds with low or high Clostridial spooeunts in milk. Means and standard
deviations within parenthesis expressed as g/kg Ness stated otherwise.
Fermentation Herds with low spore  Herds with high spore Herds with high spore
characteristics count in milk 2007-08 count in milk 2007-08 count in milk 2008-09
No additive Additivé No additive Additive No additive  Additive

n (no. of 12 18 16 10 24 12
samples)

DM, g/kg 393 (146) 299 (90) 380(126) 307 (94) 4442) 404 (150)
pH 4.9 (0.5) 42(0.3) 48(05 45(04) 5.0}]0.6 4.8(0.6)

NHs-N, g/kg 74 (44) 88 (23) 65 (34) 85 (38) 76 (56) 65 (43)
total N

Lactic acid 51(37) 120(48) 60(42) 88(51)  65)(55 58 (39)
Acetic acid 12 (9) 18 (14)  10(11) 24(28)  10(11) 9.0(9.3)
Butyric acid 0.4(0.8) 08(23) 09(0.2) 03(0.6 6.1(18)  1.1(2.1)
Ethanol 7.3(4.8) 5.4(9.9) 85(6.4) 55(59) (20 13 (13)

Mean of silages treated with bacterial inoculantamid in nearly equal proportions between
herds.

Silage and feed mixtures in the feed trough hadespounts > log 2.0/g in 50% of the samples
from problem herds (log 3.0 (2.1-6.1)/g) and in 38%4he samples from the herds with low
milk spore counts (log 3.3 (2.3-3.9)/g). Elevatdds@idial spore counts in the faeces from the
cows were found in 73% of the samples (log 3.3-§3)/g) from herds with high spore counts
in the milk whereas 63% of the samples from herdh wo remarks on the milk had spore
counts > 2.0 (log 3.1 (2.3-4.6)/g). The cleanlingfsthe cows generally was worse in herds with
high spore counts than in herds with low spore toimthe milk (Figure 1).
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Figure 1. Relationship between cleanliness of thescand Clostridial spore counts in the milk
from each of the herds averaged over the indooiogsrfrom October until March 2007-08 and
2008-09.
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Conclusion

Problems with high Clostridial spore counts in thék start in the silage but can be
resolved by keeping the cows clean. Silage stol@zkdo the edges of the bunker silo or tube
and round-baled silage are prone to Clostridiaivgino
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The Effect of T2 Toxin and Zearalenone on Health ash Metabolic
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Mycotoxins are secondary toxic metabolites of féamous fungi that adversely effect
animal and human health. It is estimated that thezeover 400 different mycotoxins. They are
produced by a wide range of fungi and are containedarious foodstuffs and feedstuffs all
over the world. Thus, mycotoxins represent a serfgigiene and health problem worldwide.

There is a high occurrence of mycotoxins in foraged therefore there is a high
incidence of health disorders caused by mycotoireattle in this country. These are mainly
mycotoxins produced byusariumsp (lllek 2007, Moravcova and Néhik 2007)

The aim of this study was to evaluate the effectoafy-lasting increased intake of T2
toxin and zearalenone on production performancatthand metabolic profile in dairy cows.

Material and Methods

The monitoring was carried out in the autumn anateviseason in the dairy herd C with
average milk production 5,620 kg milk per 305 dagtdtion. Diets were adjusted to different
phases of calving-to-calving interval and were Hase maize silage, clover-grass silage,
meadow hey, straw, concentrate and vitamin-minieed. Cows were fed total mixed ration
twice a day, using a feeding cart. TMR providedelsvof nutrients meeting the cow
requirements. However, some cows in the herd hagtésed somatic cell counts in milk and
there was poor conception rate (bulk tank somagit @ount 380,000-520,000; first-service
conception rate 30-34%). At the farmer’s requds,@valuation of nutrition and health status of
the cows was performed with the aim to reveal cao$éigh SCC and reproductive failures.

The history of the herd, diet composition and féegredient quality were assessed.
Concentrations of T2 toxin were measured in mailage and clover-grass silage by ELISA at
the State Veterinary Institute laboratory. Cows avphysically examined by groups, and 10
cows were repeatedly withdrawn blood samples foodlchemistry and complete blood count
(haematology). The first examination (A) was pearfed at the end of November in cows from
20 to 60 days in milk. The second examination (Bl wwerformed in the same cows as (A) in
mid December and the third examination (C) was queréd in January. After the first
examination (A), the feeding of the maize silagataming high mycotoxin levels (mainly T2)
was terminated and a new silage with low mycotdeirels was given. Haematology analyses
were performed using the abc analyser. Blood chieynigas done with the analyser Hitachi
902, using standard sets from Roche and Randoxant3T4 hormones were determined by
chemiluminiscence (Immulite).

Results and discussion

Clinical status — the cows showed lower appetiptinaum body condition score, dull hair
coat. There was a sporadic occurrence of diariieather clinical signs were observed.

Total mixed ration had a favourable structure amdndt show any sensory alterations.
The laboratory examinations showed that the malagescontained 486 ug/kg of T2 toxin and
2 452 ug/kg of zearalenone. Grass-clover silagdagoed only 32 ug/kg of T2 toxin and
26 ug/kg of zearalenone. The new maize silage owdaonly traces of T2 toxin, and
zearalenone was not detected.
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Table 1: Some blood and milk parameters.

Examination A B C
Parameter Unit

Hb g/l 82,6 84,3 90,5
HMT 1/1. 0,31 0,33 0,35
E T/ 5,12 5,38 6,32
Le G/l 5,83 6,62 7,24
Cb gl/l 70,6 74,1 72,8
Al g/l 30,8 32,6 34,1
Gl mmol/| 3,34 3,28 3,36
Urea mmol/| 4,86 5,12 5,34
Bil umol/l 6,32 5,14 4,26
BHB mmol/| 0,81 0,62 0,51
AST ukat/| 1,74 1,52 1,44
GMT ukat/| 0,53 0,55 0,42
CK ukat/| 1,86 1,92 1,74
GSH-Px ukat/| 722 834 886
B-carotene umol/l 3,24 3,68 4,86
Vit. E umol/l 4,12 4,52 5,33
T3 nmol/l 1,83 1,78 1,82
T4 nmol/l 58,62 61,35 80,21
Milk

Milkyield I/kus/den 16,2 16,8 18,2
SCCA t/ml 476 422 296
SCCB t/ml 420 380 280

SCC A = mean no. 30 cows
SCC B = bulk tank somatic cell count of the herd

The results showed that the cows had a high inbhkaycotoxins via maize silage that
adversely affected both milk production and qua{l8CC) and some metabolic parameters.
Decreased haemoglobin, marginal packed cell volyhematocrit) and erythrocyte count
values indicated impaired erythropoesis and blasdds due to haemorrhages in the digestive
tract and mammary gland parenchyma. Reduced let&k@oynts were also due to the above-
mentioned mycotoxins, as reported by many reseexgfi®oter et al.,1994; Gremmels 2005;
Jouany and Diaz 2005). Long-lasting intake of mggots and synergism between mycotoxins
caused damages to the liver parenchyma which isdatetl by high activities of liver enzymes
and increased bilirubin concentrations. Similaulsswere demonstrated in laboratory animals
(Rajmon et al. 2001), poultry and pigs (Smith eR805, Wyatt, 2005) An interesting finding is
low concentrations of antioxidants such as betateae, vitamin E and GSH-Px and decreased
concentration of T4. It is assumed that the aboeetioned mycotoxins increase the
requirement for the antioxidants, or there couldabeapid degradation of beta-carotene and
vitamin E inside silage before feeding. The chaofythe diet consisting in the replacement of
the mycotoxin contaminated maize silage for the-camtaminated one resulted in a gradual
increase of milk yield and a significant reduction SCC and improvement of metabolic
parameters under study. In approximately two moafter the exclusion of the contaminated
maize silage from the diet, the blood count impthweST and GMT activity values decreased
to physiological range, total bilirubin concentoati decreased, and levels of beta-carotene,
vitamin E, GSH-Px and T4 increased to the physickdgange. Reproduction performance was
evaluated 3 months later. First-service conceptdmincreased from 30-34% to 46%.

Conclusion

The monitoring of increased intake of T2 toxin aedralenone in dairy cows under field
conditions showed adverse effects on milk yield apglity, health status and fertility.
A long-lasting intake of mycotoxins caused damamehe liver parenchyma, decreased milk
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production, increased SCC and reduced fertilitye €kclusion of the mycotoxin contaminated
silage from the diet resulted in a gradual improgatof health status and metabolic profile of

the dairy cows under study.

The study was performed within the project QH8180¢he Czech National Agency for
Agricultural Research.

Referencesare available at the authors.
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Silage Stored Crimped High-moisture Grain in View & Feed Nutritive
Value and Hygienic

VROTNIAKIENE V., JATKAUSKAS J.
Department of Animal Nutrition and Feeds, InstitateéAnimal Science of
Lithuanian Veterinary Academy, Baisogala, LT-82R Zebenkos 12,
Radviliskis distr., Lithuania, Email: pts@Igi.lt

Abstract

Trial were conducted to examine nutrient compositmd hygiene of dry barley (DB)
and ensiled barley (MB) and to compare the effeE3B and MB on voluntary feed intake and
milk production of dairy cows. The barley crop frame half of a 30-ha field was combined
when the grains were at the cheesy ripe stage bfritya(564 g DM/kg), and the grains were
subsequently crimped and conserved in a plaste tisbng Murska Crimper-Bagger. The barley
crop from other half of the same field was combiméten grains was at complete maturity
(832 g DM/Kkg) and stored in aerated bin.

High-moisture fresh or preserved barley grains @iontmore (P<0.05) WSC and less
(P<0.05) starch, however, other chemical compasiparameters not differ compared with
dried grains. The content of fermentation end petglsuggested that preserved crimped barley
grains were of good fermentation quality. The comicdion of the toxins and microbial
contamination of the conserved high-moisture badegreased in when compared with dried
grains. Crimped preserved barley grains stimulgtedter intakes of grass silage and total diet
DM than those increased milk production by 6.5 #bprioves milk quality and in addition,
helps cut costs.

Introduction

Drying it is no longer an option for feed graintiaology to protect cereals from spoilage
due to significantly increased costs for energy aaditional investments into drying capacities.
a strategically desirable approach is the ensitii@arly combined moist cereals to produce
a highly digestible with easier and safer formtafch moist feed. High-moisture crimped grain
preservation in hermetic plastic sleeve is an @itr@ and interesting alternative to drying and
based on a procedure similar to ensiling grassqR@®n additional advantage thatbecoming
increasingly important is that feedisgmped grains allows the use of homegrown, traeeab
(source-verifiedfeeds instead of purchased concentrates This stadyaimed to evaluate the
effectiveness of ensiling high moisture barley (MBains and to compare the effects of dry
barley (DB) and ensiled barley (MB) on feed intakel milk production of dairy cows fed grass
silage.

Materials and Methods

MB was combine harvested at the cheesy ripe sthgeaturity (dry matter (DM) 564
g/kg and DB at complete maturity (796 g DM/kg) frone same field. MB grains were rolled,
treated with acid additive (3.5 I/t, AIV2000, KemiOyj) and conserved in a plastic tube using
Murska Crimper-Bagger. DB was dried to the final Didntent of 842 g/kg and stored in
aerated bin. Eighteen dairy milking cows were gelbdor the experiment according to parity,
lactation, date of calving, present milk yield dadt year milk yield and live weight. Cows
which were randomly assigned to one of two group®) were given concentrate (containing
different treated barley grain) at fixed amounto@ D was fed concentrate mixture - DB-
rapeseed meal-vitamin mineral supplement: 730-ZBO34g) and group M was offered
concentrates based on MB (with fixed DM proportariMB to DB) supplemented with equal
value to group D of rapeseed meal and vitamin rainepplement. Both groups were offered
grass-legume silagad libitum. Each forage was fed twice daily. The data werdyaad using
analysis of variance to test for the effect of galdreatments. For the feed intake, a group of
9 cows was considered as the experimental unitnfi&ryield, milk protein yield and milk fat
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yield respectively, each cow within a group was sidered as the experimental unit.
a probability of 0.05<P<0.10 was considered a segrificant trend.

Results and Discussion

The chemical composition of DB and ensiled MB isegented in Table 1. The results of
the experiment show that ensiled MB has signifigafiigher basic nutrient content and
significantly higher digestible energy concentmatighen compared with DB.

Tablel: Chemical composition of dried and ensiladsture barley grain
Dry Crude | Starch Dig. energy,
matter | protein Ash | Sugar| ADF| NDF MJ/kg DM
Dried barley (DB) 842 140 589 25| 32 10% 174 14.2
Ensiled barley (MB) 563 149 570 26 | 60 87 157| 15.3
SEM 48.25 | 1.53 3.35 0.3 5.04 331 342 0.18

A

P *%* *%* *% ns *%* * % 23 *

Treatment

Significance: ** = P<0.01

The fermentation quality of ensiled MB was goodiredicated by optimal pH (4.09),
ammonia-N (48.1 g/kg N), and volatile fatty aci@4.6 g/kg DM) content. Lactic acid, butyric
acid and ethanol concentrations in ensiled MB wi2®, 0.1 and 4.0 g/kg DM respectively.
Similarly the quality of grass-legume silage wasodjowith pH value (4.2), dry matter
(320 g/kg), ammonia-N (46 g/kg N) and volatile yadicids (32 g/kg DM) content. Lactic acid
content was 44 g/kg DM and butyric acid was noedetd. The results of a study confirmed
good hygienic quality of anaerobically preserved Igiin. Fungal counts and yeast counts
were lower in ensiled MB compared with DB. Aflatoxand zearalenone concentrations tended
to be lower in ensiled MB than in DB. (Table 2).

Table 2: Hygiene parameters evaluated in DB andeh$/1B

DB Ensiled MB
Deoxynivalenol (DON), mg/kg| 0.063 0.0197
Zearalenone (ZEN), mg/kg <0.0078 <0.00175
Aflatoxin B1, mg/kg <0.0032 <0.001
Yeast, cfu/g 8.1x104 7.0x102
Fungal counts, cfu/g 2.0x105 <1.0x10

Acremoniella — 3.3

Bipolaris — 16.7

Contamination with dominant
genera of moulds, %

Cladosporium — 10.0

Cladosporium — 1.7 Others — 0.3

Fusarium — 30.0

Ulocladium — 8.3
Cladosporium cladosporioides
Fusarium soloni, F.
Sporotrichiodes,

F. tricinctum, Penicillium spp.
Sporotrix schencki, Ulocladium
chartarum

Cladosporium
cladosporioides
C. herbarum

Dominant colonies of molds

The cows consumed large quantities of the silag24¢s11.8 kg DM per cow per day)
when the ensiled MB diet was offered (Table 3). Teased silage intake and higher MB
digestible energy value and crude protein conctotravere reflected in higher milk yield, with
higher milk fat concentration and a higher by 1g3pger cow per day ECM. Can be supposed
that the cows fed moisture grain have slower stdighstion in the rumen and that results in
improved utilisation and improved rumen functionnfiviton et al., 1998). However, a more
recent dairy cow trial conducted by Jaakkola e(2005) did not detect any difference in dry
matter take when dry barley was replaced with edsitimped barley in a total mixed ration.

-87-
Forage Conservation, 2010



Table 3: The effect of ensiled moisture barleyavade intake, milk yield and milk composition
in cCOws

Feed intake, Milk and constituent yield,

kg DM/day/cow  |kg/day/cow Milk composition, g/kg
Treatment Silage | Conc. Milk | ECM | Fat | Prot.| Fat Protein Lactgse
DB 11.8 |6.7 19,8 | 20.9| 0.864 0.662 43.1 33.1 48.1
Ensiled MB 121 | 6.7 21.1| 22.2| 0.922 0.784 439 34.749.8
SEM 032 |0 0.45| 0.49| 0.02| 0.02 0.03 0.04 0.04
P 0.224 | 0 0.199 0.172 0.088 0.167 0.588 0.063 *

Significance: * = P<0.05

Conclusions

The results suggest that ensiled crimped moistarkey has higher nutritive value than
dry barley and shows atendency to increase gegssvlie silage intake, milk yield and to
improve milk quality. Ensiling of high moisture ey may reduce fungal counts and
mycotoxins concentrations and can help to avoidatiienal productivity problems potentially
caused by the ingested mycotoxins.
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Effects of Variety Type and Maturity at Harvest onWhole Crop Maize
Silage Characteristics
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Introduction

During the ensiling process, easily degradableatartirates are fermented to lactic acid,
acetic acid, and alcohol (mainly ethanol). The fation of acids lowers silage pH, which has
a preserving effect (Wilkinson, 2005). In practlt@vever, sometimes very low pH-values are
observed. Data from the laboratory of AVEVE (MenksdBelgium) showed end-pH values for
maize silage of 3.3 and even lower (Christiaen@0,/2 Intake of large amounts of acid silage
combined with acid formation from high concentrgirtions may depress rumen pH and
provoke digestive problems (rumen acidosis, digglaabomasum) in high yielding dairy cows.
No proof of this hypothesis was found in literatulaize breeders for whole crop silage have
developed different variety types, from early madgrtot late maturing types, from stay green-
types to dry down-types (very rapidly maturing typéBarriere et al., 2006). The aim of the
laboratory experiment was to investigate the infieeof variety and harvest time on whole crop
maize silage characteristics. The experiment wapated by the Flemish Government.

Materials and Methods

Four variety types were involved in the laboraterperiment: Justiffa as dry down-,
Lafortund as stay green- , Frarikgs late maturing- and Aurefias early maturing type. Five
airtight microsilos of 2.75l content and equippethwCO, —valve (5 per treatment) were made
for each variety, striving at a density of 200dgdry matter per m3. Harvest took place at
5 times in order to finally obtain material withimree distinct dry matter (DM) ranges 27-30%,
30-35% and higher if possible (see table 1). h#west, dry matter content, sugar content and
density were determined; particle size was meashy a sieve method (Melcion et al., 1981).
At desiling after 50 days 4 silos per treatmentenanalysed for DM, crude protein (CP) and
ash as well as the fermentation characteristics ghimonia, lactic acid, volatile acids and
alcohols). DM content was corrected for loss ofatité compounds during oven drying
according to Dulphy and Demarquilly (1981. Data evestatistically analysed by SAS.
Normality was tested by Kolmogorov-Smirnov. Normgadlistributed variables were analysed
by one-way ANOVA with Tukey apost hoctest. Crude fibre (CF), residual sugar and starch
content were determined on a pooled sample pdniezd. Finally, the physical structure of the
silage was calculated using the formula of De Bnalea (1999): SW=-0.1 + 0.009*CF.

! *mandatory for Belgium : Aureffa: Clovis-Matton, Lafortun: KWS Benelux, Justiffa: Pioneer Hi-Bred and
Franky® : Scam.
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Table 1: Characteristics of the chopped whole amgize at harvest
variety harvest gADMkg sugar (g/lkg DM)  density (kgfin  PL® (mm)
3.8

Aurelia 1 261 84 188 .

Aurelia 2 293 41 185 4.7
Aurelia 3 341 6 173 5.5
Lafortuna 1 254 46 160 4.7
Lafortuna 2 322 21 169 4.6
Lafortuna 3 342 12 174 5.7
Justina 1 267 50 184 4.6
Justina 2 322 67 182 nd
Justina 3 335 31 180 6.4
Franky 1 239 52 147 Ad

Franky 2 280 31 168 4.1
Franky 3 288 31 157 4.1

! ADM= g absolute dry matter/kg fresh weight at lessty 2- not determined, 3 particle length

Results and discussion

Especially when the DM content at time of harveagtivas low, it was difficult to obtain
the desired density. For all varieties exceptlfgtina , sugar content decreased with increasing
DM content. Particle size tended to increase \Wit¥ content. As 2008 was a rather late
harvest season, the highest DM range was not réaathensiling. At desiling, distinct DM
ranges were obtained for Aurelia, Lafortuna and enar less for Justina. For Franky, DM
contents were rather low and differences were raimall in order to draw conclusions. The
pH never reached very low levels and differencesewemall; pH significantly increased with
higher DM content. There were significant differeecamong varieties within the same DM
range, but these differences were rather smalerdwere no significant differences in acetic
acid content among treatments. Within the sameetyathere was a significantly lower lactic
acid and alcohol content with higher DM content,iouabsolute terms differences were small.
Except for Franky, there was a tendency towardsver crude fibre content and a higher starch
content as DM content at harvest time increasddnally, residual sugar contents were very
low and quite similar for the different treatments.

Conclusion

In this laboratory experiment, variety type andveating date did not have a major
influence on fermentation pattern and end-pH, el & residual sugar content.
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Table 2: Fermentation characteristics and chemaadlysis of whole crop maize silage

S £ <= < < 3 S S 2 3
B & Z &3 &3 2 &8 T g g
= g 2 2 2 2 2 2 2 ¢ 3 3
2 3 - = =) ks > =) 2 D 2 = <
2 S = ~ o s = 5 &~ & 8
3 $E o8 & &5 g s =z £ 65 & 3 g
Aurelia 1 3814 279a 42a 72a 17a 60a 08a 34a 234 20 3.% 29
Aurelia 2 3.83b 313b 45a 69a 17a 58a 09ab2332 20 2.0 317
Aurelia 3 392c 361lc 41a 70a 16a 46b 07bc13201 1.7 4.0 394
Lafortuna 1 3.77a 279a 46a 73ab 16a 64a 0.Bha 210 1.8 3.9 320
Lafortuna 2 3.88b 303b 49a 75a 19b 57ab 09@b 216 1.8 2.0 367
Lafortuna 3 3.90c 369c¢c 51a 71b 16a 51b 061Bb 187 1.6 2.0 405
Justina 1 373a 290a 37a 69a 19a 56a 0.8aa 3233 2.0 20 285
Justina 2 377b 335b 40ab 66b 17a 48b 0.78b 2220 19 20 334
Justina 3 384c 347c 44b Tlc 17a 49b 07bc 1814 18 4.0 365
Franky 1 380a 277a 45a 66a 17a 57a 10aa 2@64 23 20 277
Franky 2 385b 284a 46a 76b 18a 52b 0.8aal1&42 2.1 2.0 300
Franky 3 382c 315a 61b 61c 17a 52b 05ba20255 22 20 272
Aurelia 1 38la 279b 42b 72ab 17a 60ab 0.84a
Lafortuna 1 3.77b 279b 46a 73a l6a 64a 1.(GBaa
Justina 1 373c 290a 37c 69bc 19a 56b 0.84a 3
Franky 1 380a 277b 45ab 66¢c 17a 57ab 1.0@b 2
Aurelia 2 3.83a 313b 45ab 69bc 17b 58a 0.928m
Lafortuna 2 3.88b 303b 49a 75a 19a 57ab I©9.9@a
Justina 2 377c 335a 40a 66¢C 17b 48c 0.7ba 23
Franky 2 385d 284c 46a 76a 18a@b 0.8abl6a
Aurelia 3 392a 36lab 41c 70a 16a 46b 0.718x
Lafortuna 3 3.90b 369a 51b 71a 16a 51a 0.6bbc
Justina 3 384c 347b 44bc 7l1la 17a 49ab 0.1&ab
Franky 3 382c 315¢c 6la 61b 17a 51a 05c 20a

'corrected dry mattercrude ash;crude protein,'acetic acid,’lactic acid,’crude fibre,'means
in the same column within the same variety or hetrmeoment followed by the same letter don't
differ significantly P<0.05
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Effects of Stage of Growth of Grasses and Conservah Method on
Amino Acids Degradability in the Rumen and Intestiral Digestibility of
Rumen By-pass Amino Acids

KOWALSKI Z. M., GORKA P., PISULEWSKI P. M.
University of Agricultural in Krakow, Mickiewiczad28, Cracow 30-059,
Poland

Introduction

Feeding of modern dairy cows requires balancingdikés not only in terms of protein
digested in the intestines but also intestinallgcabable amino acid®\ADI ; Lappierre et al.,
2006]. In the models of calculation of AA absorhedhe intestines the assumption that ruminal
degradability deg) or intestinal digestibilitydig) of particular AA and protein are equal is still
in use [Rulquin et al., 2001]. However, it has bsaown in many experiments that it is not
always true [e.g. Erasmus et al., 1994; Zebrowskale 1997]. Majority of these trials
considered concentrates and only very few were waed on forages. Stage of growth and
conservation method can affect the content of NPRXbial N in grasses, which in turn may
have an impact on protein deg and dig. Little iewn on the effect of such changes on AA deg
and dig as well as on the relationship between AA protein deg or dig. Thus the aim of
a study was to determine the effect of stage ofvtiroof grass and conservation method on
protein and AA deg as well as on by-pass proteth &A dig and to determine the correlation
between AA and protein deg or dig.

Material and Methods

First cut pasture sward was harvested in threeréifit stages of growth of main grasses:
early earing (EE), earing (E) and before flowerifRF). Green herbage was frozen (G),
conserved as hay (sunny weather; H) or ensileeéredfier 24 h wilting (SW) or with formic
acid (85%, 3 I/t; SFA). Silages were made in 60akpc silos. Representative samples of all
forages were oven-dried (50°C/48 h) and groundrfiny. The study was carried out on 3 bulls
with rumen and duodenum cannulas, fed standardldiesacco and mobile nylon bag technique
procedures were performed according to Polish stasd [Kowalski et al.,, 2008]. The
N content was determined in pooled residues afterimal or intestinal incubations for each
animal, whereas AA composition was determined ialg samples for each incubation time
(Beckman HPLC 126AA). Degradability rate constaatsd effective rumen degradability
(ERD; k=6%/h) were estimated according fdrskov and McDonald [1979], using
MARQUARDT method [SAS, 2004]. The results were sabpd to two-way analysis of
variance and SNK test using GLM procedure [SAS 4200

Results and Discussion

Irrespective of conservation method, delaying ofrvest decreased CP content,
particularly between EE and E stages. It also as®d NPN %total N in green herbage and hay,
whereas in silages the tendency was the opositgyeSi made of older grasses contained less
NPN %total N. Ensiling did not change the CP contert increased NPN %total N from 21.2
to 49.6%. Proteolysis was the most intensive iegeis made of grass cut at EE. CP content and
NPN % total N were similar in hay and green herbddeere was no clear treatment effect on
AA composition.

Aging of grass decreased ERD of protein (77.3,,78053% for EE, E, BF respectively;
P<0.01), which was patrticularly seen for silagesctStendency was due to decreased b and
c constants. The lowest by-pass protein dig wandofor E forages (68.6, 54.9, 58.9%;
P<0.01). Irrespective of stage of growth and emgithethod, ERD of silage protein was higher
than of green herbage and hay (69.9, 77.4, 79.83%%9or G, SW, SFA, H respectively;
P<0.01). The highest differences between silagdsotimer forages were found in EE stage of
growth, and the lowest in BF. Among conservationthods, silages were also characterized by
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the highest a and the lowest b fractions. On theerobhand, by-pass protein of silages was
significantly less digested in the intestines (644.5, 54.9 and 69.4%; P<0.01). The highest
by-pass protein dig was found for hay. Most systess one single value describing either
protein deg or dig for a particular forage [INRAQ®Z]. However, the results of our study
suggest that for grass silages the effect of sthggowth should be considered. The effect of
ensiling method, formic acid vs. wilting, on prateleg and dig was lower than stage of growth.

Similarly as for protein deg, delaying of harvdstespective of conservation method,
decreased significantly ERD of all AA studied, pararly between EE and E stages. On the
other hand, ensiling, irrespective of the methadreased ERD of alanine, isoleucine, leucine,
lysine and valine. Compared to other methods, iegsivith formic acid increased deg of
phenylalanine, glycine, glutamic acid, histidinegthionine, proline, serine, threonine and
tyrosine. Deg of valine from SFA was significantiigher than from SW, whereas there were
no differences between SFA and H in proline degwebdifferences between forages were due
to higher a and lower b fractions. The highestlaesfor majority of AA were found for SFA.
There was no conservation method effect on degpdrtic acid and cysteine. Moreover, there
were no differences between green herbage andhhdggi of almost all AA studied. Generally,
all above tendencies were found irrespective ofjestaf growth. The relationship between
protein and AA deg depended on AA. The coeffic@ntorrelation ranged from about 0.40 (for
arginine and aspartic acid) to about 0.90-0.95 ioleucine, leucine and valine). Delaying of
harvest, irrespective of the conservation methacteiased the differences between protein and
AA deg. For E and BF stages of growth, except faniae and proline, AA deg was lower than
protein deg. Moreover, protein and AA deg were kimfor either green herbage or hay,
whereas AA deg was lower than protein deg for lmldges, particularly in the BF stage of
growth.

Aging of grass, irrespective of conservation metltmtreased all by-pass AA dig, which
was particularly seen between EE and E stages.dverein all stages of growth by-pass AA
dig of almost all AA (except histidine, tyrosinedanysteine) was much higher than by-pass
protein dig. The highest by-pass AA dig was found liay, whereas the lowest for silages,
particularly SW. Average by-pass AA dig was 736,36 72.7, 79.5%, respectively for G, SW,
SFA, H, and it was higher than by-pass protein 8igerage coefficient of correlation between
by-pass protein and AA dig was 0.80, with the lawfes alanine (0.69) and the highest for
arginine and proline (0.91).

Conclusions

Stage of growth and conservation method affectetepr and AA degradability in the
rumen and by-pass protein and AA intestinal digpdgy, which should be taken into the
consideration in nutritive value tables. Since Aédgdor dig differ from protein deg or dig it
should also be considered in calculations of AADI.
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Greenhouse Gases and Sustainable Animal Agriculture
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Summary

Major greenhouse gases (GHG) attributed to anigi@t@ture sector are methane (CH4)
and nitrous oxide (N20), though carbon dioxide (C@dntributes almost half of total
greenhouse effect. Rumen CH4 emission in an enternentation can be accounted as the
biggest anthropogenic source. The abatement mesrhaof rumen CH4 emission may be
divided to direct and indirect suppression to metigens in the rumen. The most significant
strategy to mitigate ruminal CH4 emission in indirenanner is to promote alternative
metabolic pathway to dispose of the reducing powempeting with methanogenesis for H2
uptake. The efficient prebiotics and probiotics énddeen innovated to mitigate rumen CH4
emission instead of ionophores in respect to faddtg. They are mostly propionate enhancers
which consume metabolic hydrogen (H2) compete witbthanogens and abate rumen
methanogenesis in indirect manner. However, asdienifitrate reduction in the rumen which
shows strong redox potential is effective to mitggumen CH4 emission without toxic nitrite
accumulation when L-cysteine is simultaneously adstéred. Furthermore, Escherichia coli
modified genetically has been developed to promoiteite reduction abating ruminal
methanogenesis. One of protease-resistant antiodtresubstances (PRA) has been isolated
from Lactobacillus plantarum as a direct suppresdaumen methanogens. The suppressing
effect of PRA on rumen methanogenesis were examisatd) the in vitro continuous methane
quantification system.

The possible use of agricultural biomass céedisf non-edible parts of crop plants
such as cellulose and hemi-cellulose and animalesasgas proposed as a renewable energy and
nitrogen sources. The ammonia stripping from diggsturry of animal manure in biogas plant
to apply three options of nitrogen recycling toigate NO emission. In the first option of the
ammonia stripping the effect of ammonolysis on fealdie of cellulose biomass was evaluated
on digestibility, energy metabolism and proteirfizdtion. Saccharification of the NHreated
cellulose biomass was confirmed in strictly anamraipcubation with rumen cellulolytic
bacteria,Ruminoccous fravefaciento produce bio-ethanol as the second option ahania
stripping. In an attempt of NHuel cell, the reformed hydrogen from the Ntripped from
20 | of digested slurry in thermophilic biogas flanuld generate 0.12W electricity with proton
exchange membrane fuel cell (PEM) as the thircbopti
Key words. GHG, rumen methane, probiotics, ammonia strippgiigmass

The mitigation of anthropogenic four GHG, carbomxiile (CO2), methane (CH4),
nitrous oxide (N20O) and sulphur hexafluoride (SF&hd two groups of  GHG,
hydrofluorocarbons (HFCs) and perfluorocarbons (®FRave been established as legally
binding commitments in The Kyoto Protocol (IPCC9&® Important GHG attributed to animal
agriculture are CH4 and N20O. Rumen fermentationrwhinant livestock and anaerobic
fermentation of agricultural organic waste incluglimnimal manures are major contributors of
CH4 emission as anthropogenic sources (Moss, 1993).

To abate the GHG, the development of mitigationhoés of rumen CH4 is the most
significant issue in the world ruminant livestoaloguction (Van Nevel and Demeyer, 1996)..
The prompt increase of atmospheric N20O since lasttury is closely related to abrupt
expansion of human and animal population aftemaovation of Haber-Bosch process. Severe
environmental pollutions were caused at the same though the reactive nitrogen withdrawn
from atmosphere as stable paired nitrogen brougtiitgorosperous food production. To secure
food production preventing environmental catalysbg global warming sustainable
development of animal agriculture should be sougimot only developed but also developing
countries as an alternative way. Inventories oittens and their abatements are accurately
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assessed in both GHG to develop “clean developiechamism (CDM)” in Kyoto Mechanism.
The CDM might give highly economical and environitarnncentives for the implementation
in developing countries. The key element of thessyaling must be low-input for sustainable
animal agriculture in developing countries. Carlaomd nitrogen recycling in the agricultural
biomass as renewable energy and nitrogen resouriggd contribute mitigation of CH4 and
N20 (Takahashi, et al., 2003, 2004, 2007; TakahasthiUemura, 2009).

The present paper deals with perspective on GH@&alaaind possible uses of biomass
towards sustainable animal agriculture.

Mitigation of rumen methane emission with prebiotic and probiotics.

In the rumen, metabolic Hs produced during the anaerobic fermentation lo€age.
This H, can be used during the synthesis of volatile fatiyls and microbial organic matter.
The excess Hfrom NADH is eliminated primarily by the formation of Gy methanogens,
which are microorganisms from th&rchea group that are normally found in the rumen
ecosystem (Baker, 1999). The stoichiometric balamic®&FA, CO, and CH indicates that
acetate and butyrate promote LCproduction whereas propionate formation consemdgs
thereby reducing CHproduction (Wolin, and Miller, 1960). Thereforestaategy to mitigate
ruminal CH, emission is to promote alternative metabolic patyhwo dispose of the reducing
power, competing with methanogenesis for tptake. As assimilate nitrate reduction in the
rumen which shows strong redox potential is reddyiv higher affinity to H than
hydrogenotrophic methanogenesis, the administrationitrate remarkably suppressed ruminal
methanogenesis (Takahashi and Young, 1991, 1992).

Hi/THb(%) CH, .
25 - (W”n“qfﬁgéb BW)
20 - 4 2.00
15 - 4 150
10 + -4 1.00
5 4 0.50
0 = : : = 4 0.00

Control NO3 NO3+CYS CYS

Fig.1. The suppressing effect of nitrate (1.3 g Wakg?°-7>body weight ) on
methane emission and prophylactic effect of L-eyst (0.21 g S k§7°
body weight) on nitrate-induced methemoglobinemiahaep

Fig.1 shows that the formation of toxic nitrite veed from nitrate is successfully
prevented by L-cysteine (Takahashi and Young, 19992; Takahashi et al., 1989, 1998, 2000,
2002),i.e. the effective mitigation of ruminal GHemission is safely achieved by simultaneous
administration of nitrate and L-cysteine withouttraiie intoxication (Takahashi, 2001).
Furthermore Escherichia colimodified genetically was developed in an attengpprtomote
nitrite reduction abating ruminal methanogenesiar (& al., 2004a; 2005a; 2005b; 2005c;)

(Fig.2).
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Figure 2: Wild-type E.coli W3110 and the constracti of E.coli nir-Ptac

1. Wild-type E. coli W3110
Nitrate reductase (NRA)

1 2w
Narl(_b QH, periplasm
L2€ Q
NarH  NarG Nitrite reductase (Nir) cytoplasm
N

NO, ) + 8H"
/—\26 3NAD ‘ 2
NirB
NO;) + 2HY NO;) +H,O 3NAD NH, 5 + 2H,0

2. Construction of E. coli nir-Ptac by replacement of self-promoter (ir) in
E. coli W3110 bytac promoter (Ptac) (Ajinomoto Co. Inc., Kawasaki, Ja@an)
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Rumen manipulation with ionophores such as monehas been reported to abate
rumen methanogenesis (Mwenya, et al., 2005), Howehere is an increasing interest in
exploiting prebiotics and probiotics as natural dfesdditives to solve problems in animal
nutrition and livestock production as alternativesthe antibiotics due to concerns about
incidences of resistant bacteria and environmeaatilition by the excreted active-antibacterial
substances (Mwenya et al., 2006). Nisin and sapomitaining extracts of Yucca schidigera
and Quillaja saponaria have been categorized asefghy recognized as safe (GRAS)’ for
human consumption by US Food and Drug Administratidisin produced by Lactococcus
lactis subsp. lactis, antimicrobial activity agairspectrum of Gram-positive bacteria is
characterized bacteriocin and performed mitigatefect on ruminal methane emission
(Mwenya et al., 2004a; Santoso et al., 2004b; &at..e2006). Saponins are natural detergents
found in variety of plants. Yucca saponins havéeeofdal nucleus, whereas Quillaja saponins
are triterpenoid in structure (Fig.3). Supplemeatabf saponin-rich plant extracts decreased
ruminal protozoa counts and decreased methanoge@simpanied by decrease in the ruminal
acetate/ propionate (A/P) ratio in vitro and inovigWallace et al., 1994; Wang et al., 2000,
Takahashi et al., 2000; Santoso et al., 2004a; Mavemn al., 2004a; Pen, et al., 2006). However,
Pen et al. (2007; 2008) showed in recent detakadhenation that Q. saponaria had no effect on
ruminal methanogenesis and A/P ratio, althoughppsessed protozoa number.
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Figure 3: Chemical structure of Yucca schidigeral &uillaja saponaria

Yucca schidigera Qudlaaponaria
(Steroidal saponins) émtenoid saponins)

Galacto-oligosaccharides (GOS) are non-digestibiahydrates in nonruminants and
have along history of research as a prebioticsd famgredient. GOS are resistant to
gastrointestinal enzymes, but are selectivelyz&tdi Bifidbacteria (Sako et al., 1999). In the
rumen,BifidobacteriaandLactobacillusspecies utilize fructose, galactose, glucose and
starch as substrates to produce lactate and acktatate is intermediate compound of
a acrylate pathway during propionate productiomhim rumen. Meanwhile, propionate
production is indirect competition with methanogemsr available hydrogen.
As BifidobacteriaandLactobacillusspecies in the rumen can utilize GOS and produce
more lactate,

Figure 4: Chemical structure ¢#1-4 galacto-oligosaccharides
CH:0H CH.OH CH:CH

HO —0_ ¢ 0 0
OH OH 0 {OH He OH
OH OH OH
ruminal methanogenesis have been suppressdtl gy galacto-oligosaccharides
with or without direct-fed microbe yeasts and lacticid bacteria (Gamo, 2001;
Mwenya et al., 2004b; 2004c; 2004d: 2005; Sant@804a; Sar et al., 2002; 2004b;
2004c; Takahashi et al., 2002; 2003). However, dffecacy of 1-4 galacto-

oligosaccharides with the probiotics on differertsl and animal species remains to be
elucidated.
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Figure 5: Effect of PRA on potential methane prdaiaunc Control: Lactococcus lactis
ATCC19435 (non-antibacterial substances), Nisirl-Actococcus lactis NCIMB702054, PRA-
1: Lactobacillus plantarum TUA1490L (, and PRA-2Zukconostoc citreum JCM9698. Vertical
bars represent standard deviation (n = 4). Meanshwdifferent letters differ significantly
(p<0.01).
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Fig.5 shows that effects of protease-resistantmactobial substances (PRA)
produced by Lactobacillus plantarum and Leuconostoc citreumon rumen
methanogenesis were examined usingitheitro continuous methane quantification
system (Asa, 2010). Four different strains of @eitid bacteria, ControL.actococcus
lactis ATCC19435 (non-antibacterial substances), Nisin{Zactococcus lactis
NCIMB702054, PRA-1Lactobacillus plantarunTUA1490L, and PRA-2L.euconostoc
citreum JCM9698 were individually cultured in GYEKP mediun 80 ml aliquot of
each supernatant was inoculated into phosphateedff rumen fluid. PRA-1
remarkably decreased cumulative methane produdtimnPRA-2, there were no effects
on CH, and CQ production and fermentation characteristics inedixumen cultures.
The results suggested that PRA-1 reduced the nuwiberethanogens or inhibited
utilization of hydrogen in rumen fermentation.

Creation of renewable energy (biogas) from anaerofgrmentation (biogas
plant) of animal manures and the innovative reuse¢he digested slurry to mitigate
N>O

The increased emissions of £ahd NO from decomposing unmanaged and bio-
based industrial wastes along with the expansidmuafan activities contribute climate
change as GHG. The biogas plant produce biogasidimg combustible CH as
renewable energy using unused resources like ammaalures, can provide fuel, heat
and electricity (Takahashi et al.,, 2004;Umetsu let 2005, 2006; Komiyama et al.,
2006), and minimize the impact on the environmdmistreducing the amount of
pollutants discharged. Biogas system and its agipdic have been expanded in APEC
member economies as a mitigation strategy with @amamical incentive (Takahashi,
2009).
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Figure 4: Ammonia stripping apparatus
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The conventional biogas system based on anaerebitehtation of the organic
wastes, however, is not a nitrogen recycling bubaa recycling one. Therefore,
isometric fertilization of the digested slurry aft@naerobic fermentation may not be
a solution of current issue on excess nitrogen eabamnt, although nitrous oxide
emission is almost completely suppressed duringrab& fermentation (unpublished
data). It causes not only methane emission, botratsate leaching and & emission
from soil (Takahashi, 2006). The introduction of rmamia stripping from digested
slurry of themophilic biogas plant might be a smatto reduce total nitrogen content of
the slurry as a liquid fertilizer containing sui&lmitrogen and eventually can contribute
the mitigation of NO emission as anew concept of biogas system (#)g.
Furthermore, the stripped ammonia can be put tctiped use as a low-input and
renewable nitrogen resource without energy suppynfoutside, because abundant
amount of organic wastes exist in developing coestand the energy required for
ammonia stripping can be supplied from biogas pddtisiched to the ammonia stripping
apparatus.

The following three options have been examinedifture nitrogen recycling.

1. Production of high quality feed from cellulose biss in agricultural waste with
ammonia stripping process from digested slurry ioigas plant (Takahashi,
2006; 2007).

2. Saccharification of soft cellulose biomass to a&ebib-ethanol and hydrogen
using ammonolysis by stripped ammonia from effluemd hydrolysis of rumen
bacteria (unpublished).

3. Ammonia fuel cell with ammonia stripping from dig¢ed slurry (Takahashi and
Uemura, 2009; FOCUS, April 14, 2009).
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Introduction

The use of sugar beets has attracted significtenitain as potential substrate for biogas
production since dry matter (DM) yield per hectared gas production per kg DM are high.
However, storability of this crop is limited. Tharaof this study was to evaluate the process of
preservation of sugar beets by ensiling in AG BA&stic bags.

Materials and Methods

Preliminary tests on the possibility to store whé=ts in plastic tubes were carried out
in 2007. Whole and crushed sugar beets, harvestédbvember 2008, were then stored in
plastic drums (215 litres, 4 replications) and leftreated or treated with KOFASIISTABIL
(containing sodium benzoate and potassium sorlbat@)hibit fungal development. Crushed
beets were treated with the additive at 2 I/t, wherwhole beets were dipped in the solution for
about 2 min. Storage time of this trial was 4% rhenfAfter opening the drums the beets (whole
and crushed) were homogenized by garden chopperdd@termination of DM and fermentation
products was done by routine analytical proceddresh matter recovery was calculated based
on individual weight of effluent and silage, andnfeerature change upon exposure to air was
monitored by inserted data loggers in insulatedygigtol boxes for 15 days. Data were
submitted to statistical analysis by ANOVA.

Results and Discussion

Also whole sugar beets underwent intensive ferntiemias, under anaerobic conditions,
beet cell tissue dies off and releases some juiciehwin turn is fermented. Expectedly,
fermentation process starts in the periphericahsad the sugar beet leading to production of
high concentrations of fermentation products (TableSince the vast proportion of DM in
sugar beets silages is composed of soluble comgdgadcharose, fermentation products), DM
(corrected for loss of volatiles during drying) effluent is nearly as high as of silage.
Therefore, all effluent must be collected and usethiogas facilities. Whole beets produce
significantly less effluent whereby the risk is kedly reduced of nutrient losses through
uncontrolled effluent leakage, which in turn malkepossible to store them in plastic tubes
(Table 2). However, air ingress into the voids letw whole beets causes a higher risk of
aerobic losses upon emptying plastic tubes. Apjpticaof chemical additive significantly
reduced fungal contamination at the end of fermumtgwhole beets: P =.07, crushed beets:
P<.001) but somewhat increased effluent productidpon subsequent exposure to air,
temperature of untreated beets significantly rosabiout 40 °C indicating massive aerobic DM
losses whereas temperature of treated materialaimmained at ambient level (Figure 1).

Conclusions

Results of this trial should support and promoe filture use of cost-efficient bagging
technology in the preservation of sugar beets bstmate for biogas production. Further studies
are necessary and have already been initiated.
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Table 1: Concentration of saccharose and fermemaproducts in whole ensiled sugar beets
(beets stored in a plastic tube from December 200¥ugust 2008)

Parameter Section of the whole sugar beet

Outer section Mid section Core section
DM corrected 9/Kg" 250 231 242
Saccharose, g/kg FM 62.6 78.9 88.4
Lactic acid, g/kg FM 10.2 8.9 7.8
Acetic products, g/kg FM 10.6 9.6 7.9
Ethanol, g/kg FM 35.6 40.0 40.5
pH 3.85 3.85 3.85

Y DMeorrected (9/KQ)=DMuncorreciedt0.95*v0latile fatty acids (GC,, g/kg)+0.08*lactic acid
(g/kg)+ 1.00*alcohols (GC, including diols, g/kg); Weissbach and StrubelQ02,
www.LANDTECHNIK-NET.com

Table 2: Fermentation loss and fresh matter recpwdrensiled whole sugar beets (beets stored
in plastic drums from December 2008 to March 2009)

Parameter Crushed sugar beets Whole sugar beets
untreated treated untreated  treated

Fermentation loss, % of ensiled DM

Mean 3.8 2.5 P =134 9.4 1.8 P <.001

Standard deviation 15 0.3 0.5 0.4

Fresh matter (kg) recovered from 1,000 kg of ensitesugar beets

Silage 605 566 P =.008 900 883 P =.01

Effluent 383 429 P =.009 78 113 P =.001

Total 988 995 P =.130 978 996 P =.001

Figure 1: Effects of additive treatment of wholgaubeets on temperature rise upon exposure
to air (sugar beets stored before anaerobicallyplastic drums from December 2008 to March
2009)
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Forage Production and Quality of Short-term and Pemanent
Grassland with Festulolium Hybrids

HOUDEK I. }
Plant Breeding Station Hladké Zivotice, s.r.o.

Introduction

With the ever reducing number of bred cattle, Hebtum hybrids proven in forage may
also be used in biogas stations. Firstly, in tlss favourable areas for growing maize which is
still the main crop used in this respect. More efihardy grass vegetation at higher locations
and on more sloping grounds will efficiently prevesrosion. Secondly, it may very well
interrupt the cropping pattern at lower locatioasd its root system will supply a lot of organic
matter to soil. Thirdly, it even tolerates highertilizer rates, utilizes nutrients very well and
allows to balance collectors even when balancinmpisallowed by maize. Much lower price of
seed also plays its role.

Festulolium hybrids may also be sown into shomatggrassland without clovers with
other grass species and ryegrass and fescue hyhdgisbe combined — depending on the
required time of cutting. For harvest with conséiora already in the sowing year, they are
sown together with annual ryegrass; this methadsis used to establish clover-grass mixture.

Permanent grassland also provides a suitable sofitiemass for biogas stations. Since
many permanent grasslands do not yield qualitygerséhey may be improved by overseeding
clover and grasses, amongst others, the very leéstul hybrids, short-term ryegrass type as
well as perennial fescue type cultivars such asodgk Felina. Overseeding is studied, amongst
others, by VSTE researchers in #&0i (Kohoutek et al., 2007). For regeneration ofhpemnent
grassland, the above mentioned perennial hybridsribate to long lasting, high and quality
production of grass mixtures.

Material and Methods

Festulolium hybrid cultivars from the Plant BreegliStation Hladké Zivotice and its
forage quality are described in the paper in Sectiahis paper will focus on mixtures — clover-
grass stands and perennial meadow mixtures.

Both types of hybrids, ryegrass and fescue-type,used for short-term 2-3-year use
depending on moisture conditions of the site aladjsirequirement, i.e. sugar content in forage,
which is much higher in ryegrass hybrids. In angecdescue hybrids must be used for short-
term mixture in addition to ryegrass to gradualillyup their cleared space and to prevent weed
infestation and to maintain good yield of mixtunefuture years. Experiments with Festulolium
mixtures have been conducted for 25 years in Hi&ilkétice, and sown into random blocks on
land plots of 10 mwith four replications.

Trial with clover-grass mixture was established fiynmmer sowing in 2006, with
minimum nitrogenous fertilization prior to sowingidain autumn of each harvest year; no
fertiliser is applied prior to cut. Felina hybriche/sown in c. 10.5 kg/ha and 11 kg of Vesna red
clover. Ryegrass hybrids Achilles, Lofa and Perseeie sown in c. 6 kg and 16 kg clover per
ha. Trial with meadow mixtures was established@812using oats, nitrogenous fertiliser was
applied prior to sowing, and low rates after oassbst and in autumn. In crop years, nitrogen
rates were as follows: 60 kg nitrogen per 1 hargdccut 1 and cut 2, and 40 kg N prior to cut
3.

Yields in the tables below show the yield potentifatultivars and mixtures; full harvest
was conducted using a small-plot harvester Hege &i@ samples of fresh weight 1 kg taken
from the land plot were dried immediately to hatieskilns at the temperature %5

Samples were analysed using NIRS method in the dReseStation of Jetko and
selected samples were analysed in the laborataheafompany Nutrivet, s.r.0. in Pdhlice.
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Results
Clover-Grass Mixtures

Table 1: Clover grass dry matter yields

The selected 4 variant
include two early mixtures with
red clover Vesna and two mid

early mixtures with Besky
clover cultivar. The first early

mixture with Felina fescue
hybrid had the lowest vyielg

(Table 1) in the first year aft
summer sowing, but highes

yields in the next years. Thi
mixture also had the lowes

S o Average
Species and varieti@$Harvest| Harvest| Harvest

in mixtures year | | year Il | year lll | 3 years
TP Vesna + Fl

Felina 15.05 | 22.33 | 20.64 | 19.34
TP Vesna + Fl.

Achilles 19.72 | 22.02 | 20.12 | 20.62
TP Beskyd + Fl.

Lofa 1759 | 17.01 | 17.77 | 17.46
TP Beskyd + Fl.

Perseus 16.7 16.91 | 18.68 17.43

proportion of grass componertr
in the first cut — 50% (slowly developing after sog) while ryegrass hybrids in the other
mixtures had 85-95% proportion in the first cuteTdominant grass proportion was caused by
dry autumn after summer sowing where clover didmake to create branchy rosette. The grass
proportion was gradually decreasing in the nexs ¢amd years).

The higher grass proportion also showed in lowreide protein (CP) in the first cut
forage and higher content of fibre (Table 2). Desjpif higher fibre content, organic matter
digestibility (OMD) was similar to the next cuts.

It is a proven fact that NIRS method unfortunatehderestimates water soluble sugar
content (WSC) in forage, often by more than 50%vé\theless, there is a proven difference
between the Felina fescue hybrid mixture and athigtures with ryegrass hybrids.

Table 2: Forage quality of grass-clover mixturedaour cuts
of the first crop year (NIRS results)

2. Grass mixtures

As an example of grass g/kg DM OOMD NEL
mixtures, | choose two from apCut 1 CP | Fibre | wsc|% [MJ/kg]
extensive experiment with meado vesna + Felina [13.3[26.2 [5.2 [78.4 [5.51
mixtures — one for a humid starfyesna + Achilles|10.4[26.9 [7.6 |77.9 [5.31
and the other one for adry staN®eskyd + Lofa | 11.326.1 | 7.7 | 785 | 5.32
The seed mixture for the humitzequyd + Persel40.3[26.3 | 8.7 | 81.3 | 5.06
stand included dominant grass Ut 2
(F,f(f;‘tjlﬁg“marffg&zce;a" Sffhsrzu Vesna + Felina [19.3[185 [5.7 [80.7 [6.10
variety Kora, and timothyPhleum Vesna + Achilles 14.3_ 23,5 |6.7 75.8 |5.95
pratense L.)variety Sobol. The Beskyd +Lofa | 134232 [7.7 [ 80.8 5.92
seed mixture for the dry stand3eskyd + Persels2.7[24.2 [7.6 [ 79.7| 5.84
included  dominant  grasse&ut 3
Festulolium Hykor and oat gragVesna + Felina |18.9/20.5 |5.0 81.1 |5.95
(Arrhenatherum  elatius  (L.)] Vesna + Achilles| 17.1|21.2 |5.6 78.0 |5.96
variety Median. The mixtures als@Beskyd + Lofa 13.9246 | 6.2 75.8 | 5.65
comprised other grass species gmkskyd + Perseys3.4|25.5 | 6.5 76.9 | 5.54
red clover which disappeared by yt 4
year four. aconsiderable drop {\/esna + Felina [19.8]20.8 [5.7 [80.2 |6.10
yield in the second year was causyeqna + Achilles| 23.4|17.6 6.5 |79.8 |6.29
by an extremely dry season. Oncﬁeskyd + Lofa 51 | 19 7 790l 599
clover yield declines, annual yieldgs oo vq perseo1.7(18.9 | 7.7 | 79.8 | 5.97

varied depending on precipitatio

Two cuts were evaluated in Year Eight.

Forage quality of meadow mixtures (already witholaver) is expressed by values
obtained from harvesting samples in the forth hstryear where two cuts were analysed for

digestibilityin sacco.More values were established using NIRS methodI€Ta)
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Table 3: Meadow mixture yields with dominant Bkstum
DM vyield t/ha in harvest years

Mixture Name %
1. 2. 3. 4, 5. 6. 7. 8.
dom. Felina 20.549.76 | 14.1| 11.5512.88/10.57|15.44/10.71| 100
dom. Median and
Hykor 19.89|12.93]15.96| 14.18| 14.95| 11.73| 15.09| 12.25/110.8

Table 4: OMD in sacco, Fibre, Crude Protein, NELS®W/ of grass mixtures in the fourth
harvest year

OMD At the first

Mixture Name in sacco Fibre | CP NEL | WSC| cut harvest time,
Cut | % g/kg | g/kg | MJ/kgg/kg | Festulolium was at

. 1 67.3 276.6| 134.5 5.83 56.7 the beginning of

dom. Fefina 2 |[59.08 246.9 133.9 6.05 59.¢6 heading and oat
dom. Median anfil | 60.3 298.9 133.3 583 439 9ass heading was
Hykor 2 |61.94 250.6 139 | 6.8 49.1 'mished; meadow

stands are mostly
harvested in this stage. While oat grass headiogvesth in a higher content of fibre in the
sample, crude protein content and NEL were not naffdgcted. Oat grass heading was also at
the second cut, but not deteriorating forage qualit comparison with the Felina hybrid
mixture. Water soluble sugar content (WSC) is highehe Festulolium Felina mixture.

Conclusions

High yields contributed by Festulolium in mixturese documented in Table 1 and 3.
Table 3 also shows fescue hybrids perennial andatigpto overcome dry years and regain
a high production level even at older stands inye's with normal humidity.

Forage sample analyses prove very good qualityeantution for silage production not
only to fodder livestock, but also to generate gnén biogas stations.
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Introduction to problem solving and grounds for theimplementation

Post-revolutionary transformation changes in theed@zagriculture led to a drastic
reduction in livestock production, accompanied bysignificant reduction in livestock.
E.g. cattle decreased from 3480 thousand in 198®%4@2 thousand in 2008, i.e. more than
2-times. Correspondingly decreased the crop pramhucif feed and fodder crops. Area for
growing corn as green feed and silage has witlersime period decreased from 384,867 ha in
1989 to 173,899 ha in 2008, the area of perenad& trops on arable land - from 414,773 ha in
2000 to 188,246 ha in 2008, i.e. that there isdirein area also more than 2-times. Similar
trends apply as well for other feed and fodder.libe®f plantations of fodder and feed reaches
tens to hundreds of thousands of hectares. Manyefa can not cope with such change — they
simply do not know what they should cultivate iaqe of fodder and feed. On the other hand,
the reduction in the representation of perenniddér in crop rotation adversely affects the
quality of agricultural land — it increases erosicauses degradation of organic matter in the
soil and reduces soil fertility. Therefore, theremt issue of Czech agriculture is the application
of new technologies for the production and use lahtpbiomass for non-food purposes,
especially the extend of cultivation of perenn@dder crops, both conventional and new non-
traditional crops.

Approval of the Act No. 180/2005 Coll. on the prdion of electricity from renewable
energy sources opens for Czech farmers new oppibesiin the area of production of plant
biomass, because in terms of CR and the majoriglbfstates is biomass the most important
source of renewable energy and occupies about 8% f total energy from renewable
sources. Long-term guarantee of feed-in tariffselectricity produced from renewable sources
evoked in the in the CR unprecedented interestarconstruction of agricultural biogas plants,
oriented along the lines of neighboring countri@srfnany and Austria), grown specifically for
processing plant biomass, particularly corn. Onlyirtyy the last three years (2006-2009) were
in CR built dozens of new agricultural and munitifgogas plants (BGP). Design and
construction of biogas plants continues - curreatly registered about 600 new projects for the
construction of BGP. For example, the biggest deimesoducer of electricityCEZ plans to
build several BGP of the general power of 20 MWh ebéctricity, equivalent to annual
consumption of 120-150 thousand tons of plant bssnén the case of corn, which has in our
conditions the average vyield of green mass of aBOutha, would require sowing area of 4-5
thousand ha.

The biggest biogas production is achieved fromfthsh biomass of plants. Perennial
nature of service in BGP is a counterpoint to thassnal possibility of harvest of fresh green
mass, which provides in summer about 2-3 monthmlslei for so-called green container for
perennial fodder crops and about 1 month - for ahmwops such as corn. Thatfor is its
preservation a necessary requirement for the ptmofuof plant biomass as feedstock for the
production of biogas. Most appropriate known methbgreservation of biomass of plants for
production of biogas is silage. Usefulness for psgs of for biogas second method for
preserving of plants — heylage, is not sufficiemtkplored. Ideal conventional crop for silage is
corn, which is the reason why this crop has reathedvidest application for biogas production
especially in Germany and then in Austria.

Following the models close foreign regions havewvai the Czech designers of BGP
focus on the use for the production of biogas @& silage. Corn silage has for farmers one big
disadvantage, which is the high production priceef®ead cost of production of corn silage at
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32 % dry matter in terms of CR is equal to appratity 1650-1850 CZK/t, the threshold gain

- 2100-2300 CZK/t of dry matter. There is therefardanger, that if the farmer is not the owner
or stakeholder of BGP, then he can expect a pregsum purchasers of plant biomass for the
lowest possible price. Thus the farmer for the mgan®ent of a profit has to produce and
preserve an inexpensive crop biomass of the caonilasi properties, of the yield of biogas.
Therefore the main task of our project we see theelpment of technologies for the
production of plant biomass suitable for productiminbiogas, which will be significantly
cheaper (c. 1.5-2x) as corn silage. Only in thisecave can assume a rapid expansion of
production of plant biomass as feedstock for thedpction of biogas in the CR, whose
potential we estimate at dozens of thousands dhtesx: We assume that this can be achieved
only by developing new low-cost technologies folodurction and conservation of plant
biomass, especially with the use of conventiondl@mconventional perennial-fodders.

Description of current implementation:

The project is supported by the Ministry of Agricuwk of the Czech Republic and is
registered under the number QH91170. Unfortunaveityr regard to the lack of funds provided
in the project period reduced to a minimum, tha igars (2009-2011). For the purposes of the
project were selected 6 non-traditional forage sroptopinambour, girasole, rosin-weed, St.
John's rye, mallow Lavatera and Schavnat aliagkbiteuSa and for comparison 2 traditional
forage crops - corn and multi-annual grass vegetatie. a total of 8 crops. All crops except of
reference corn are perennial crops. Given the s$imoet of implementation (only 3 years), is the
methodology of the project based on the use otiagisnulti-functional and experimental crops
of selected traditional and nontraditional forageperiments are always made in at least
3 variants of nitrogen fertilization (usually 602QLand 180 kg N per 1 ha) and 3 repetitions,
especially in the Chomutov region and at the adjrical biogas plants in Prossa. The first
spring fertilizing on existing or newly establishegperiments and the last withdraw of plant
samples was accompanied by sampling of soils. Madts, sampling and harvesting of above-
ground plant material for analytical assets anthé&tation tests, were for most crops, except of
rye, made in 3 stages of growth: 1) prior to flon®rin the flower, and 3) at the ripening of the
fruit. Yield tests and chemical analysis of cropevmade by different variants of fertilization,
but for fermentation tests were always preparedpamite samples of different variants of the
same weight ratio. All the tests and experimenighzeen conducted in at least 3 repetitions.
All the outputs from the fermentation experimerdasdibeen as well sampled and analyzed.

As this is the first year of implementation, forialnno outcomes were planned, have the
implemented activities been primarily focused om dlcquisition of primary data applicable for
further synthetic evaluation and preparation of whoents for publications and application
outputs. Nevertheless, it has been shown, that &lbmwbserved crops can despite the negative
low dry matter (mostly below 28% and in some cdselew 20%) be produced a sufficient
quality silage. Wither has typically increased & dnatter of ensilaged phytomass and has
improved the process of ensiling. The measured gdtievof silage of crops ranged from 3.92 to
4.25, which corresponds to the requirements ofablstsilage and satisfactory fermentation
process. At all withered silage were detected,tdube higher dry matter, improved indicators
of fermentation process.

Tests of biogas production are conducted on a en#tftunitslaboratory equipment of
CRI with adjustable precision heating and automttited stirring. Tests are carried out in
mesophile regime 38-40 °C. During the experimeamsintensive stage of production of biogas
during countdown since the end of the build-up dalbed lag-phase) usually lasts about 2-4
weeks, ramp phase lasts about 1-3 weeks. Thereasgoing implementation. With regard to
the time demands of fermentation experiments aee planned experiments not yet fully
completed and evaluated. However, the results midaso far are very promising and suggest
that most of the selected crops give very satisfgatesults of biogas production and some of
the selected crops (e.g. rosin-weed, Lavatera,\V@eliashow a similar or better biogas yield
from 1 t of biomass and a similar or even a higloéal production of biogas from 1 ha than
a reference maize.
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Introduction

Efficient storage of the substrate ensuring lowséss long aerobic stability and
maximized digestibility are major criteria for pitable operation of biogas plants. During the
biogas process biomass is converted through diffesteps into methane and carbon dioxide.
Major intermediates are different acids mainly ®ed on acetic acid. Likewise acetic acid acts
as an inhibitor of yeasts during ensiling and fead- Objective of this study was to evaluate
whether adjusting the fermentation pattern of gagy using microbial additives as silage-
starter, will result in an enhanced methane pradocin biogas process. As well, the
characteristic of silages under aerobic exposugeeavaluated.

Materials and Methods

3 Maize silages from 2 harvest seasons (07/08) eesded untreated (UT) and treated
(T) with a mixture of LAB [. buchnerlLB, L. plantarumLP, 2x1G cfu/g; Lactosan
Starterkulturen GmbH & Co.KG). Silage trials weerfprmed in lab scale of 5 Liter capacity.
Silage losses, chemical composition, aerobic styl@hd methane yield were determined after
90 days of ensiling. The influence of oxygen exposion the chemical composition and the
methane yield were determined at different tim@stef aerobic deterioration, evaluated in
HONIG lab scale test. Methane yield was determined dowprto the German technical
guideline VDI 4630. Dry matter of maize silagesiedrbetween 27 to 35%.

Results and Discussion

Silage losses (calculated according WEISSBACH)were slightly higher in treated
silages but not significant (+0.3% +0.7%"°, +0.8%"™°). Due to heterolactic fermentation
treated silages resulted in significant higher iacatid (+5.1%, +2.7, +6.5 % of DM) and
aerobic stability was enhanced (Table 1). The extaln of LAB-concentrations after 90 days of
ensiling showed clearly higher concentrations éated silages (Fig. 1). Concentrations of LAB
may indicate a higher survival rate and competitgss of LB during ensiling in treated silages
(Fig. 1).Yeast counts of harvest material variedyan a small range (2.5E+05; 2.7E+05;
1.8E+05). After 90 days of ensiling yeast countdrelted silages were below detection limit
(< 1.0E+02). Untreated silages showed significagitdr counts (1.2E+05; 1.3E+06; 4.1E+06).

Upon exposure to air treated silages showed no @¥gels and methane yields remained
stable (Table 1). The sum of fermentation prodwess preserved during exposure to air
(Fig. 2). Deterioration of untreated silages sthitemediately. Degradation of all acids (Fig.2)
and therefore a rise in pH resulted in significaethane losses (Table 1).
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Table 1: Influence of exposure to air (t=0 withcakygen influence, 96 and 160 hours of
exposure to air)*”Means in the same column with different superserififfer (P<0.05),
n.d. = not determined

uT T uT T uT T
Aerobic stability [hours] 23 118 131 >280 17 825
t=0 [CH,m%t DM{] 335" 334 304 309 304 319
app. 96 hours [Ckm®t DM{] n.d. n.d 277 304 258 300
app.160 hours [CHM®/t DM(] 272 341 n.d. n.d. 178 299

Conclusions

Aerobic stability is improved by heterolactic fenm&tion. Yeast counts of treated silages
are significantly depressed due to rising acetid aontent. The methane yield varied without
influence of oxygen between 335 and 30%t®M.. Upon exposure to air methane yield of
untreated silages was significantly lowered. Takimg account the special circumstances of
agricultural biogas plants heterolactic fermentatimproves the energy conservation of the
harvested material and the plant efficiency cambeeased.
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Figure 1: Evaluation of total LAB concentration éhg ensiling. Silage trial 1 only after 90
days of ensiling (inserted table).
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Figure 2: Changes in chemical composition (lacticlacetic acid) due to oxygen influence e.g.
during feed-out phase. Means without Error-Bars sirggle samples.
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Introduction

Corn silage is a very common raw material for ttogiéas production in Germany. Beside
the difficulty of accurate determination of the dnatter content of corn silage the impact of
sugar and various fermentation products (lactid,aacetic acid, butyric acid and ethanol) is
controversial (Wei3bach and Kuhla, 1995). Due te #pecific role of acetic acid in the
acetogenesis and while biogas formation, it is msslthat acetic acid enhances the methane
yield.

Materials and Methods

To evaluate the influence of different fermentatpmoducts on biogas-formation, lactic
acid and acetic acid were added to silage. 1%claatid or 1% acetic acid, resp. (relating to
organic matter) were appended to corn silage witlb% dry matter and biogas slurry and
fermented in 1.6 | laboratory batch-reactors undesophilic conditions over 30 days (acc. to
VDI 4630).

Results
It was demonstrated, that in presence of corn esilaglded acetic acid and lactic acid
produces the same amount of biogas and methaneX).ab

Discussion

Nussbaum (2009) also showed, that these fermemtptioducts added to maize silage,
yielded not in different methane-formation. Homafentative microorganisms reduce one
molecule of either fructose or glucose via pyruvatéwo molecules of lactic acid. There is no
loss of dry matter as carbon dioxide and no lossepérgy. The heterofermentative
microorganisms ferment glucose and fructose toroakecule of lactic acid and either ethanol
or acetic acid and mannitol with dry matter los24%6 and energy loss of 1,7% regarding to
the sugars (McDonald et al. 1991). Kung et al (20@&scribe the advantages of
homofermentative lactic acid bacteria with the dagahd dominant production of lactic acid, the
improved energy and DM recovery and the decreasetgglysis. Untreated silage and silage
manufactured with heterofermentative LAB have highey matter losses in comparison to
silage, manufactured with homofermentative LAB #metefore produce less biogas. 3% higher
DM corresponds to 5% higher biogas-yield, becaugkl@sses are always energy losses. High
amounts of acetic acid increase the aerobic diabiiccessorily the feed intake of cows
decreases with increasing acetic acid in silagésnéE et al, 2006). Aerobic deterioration of
silage involves DM losses, caused by detrimentalraorganisms, and can be avoided by
potassium sorbate. The present potassium sorbiate @i 1.50 €/t ensures about 3% biogas.
On a price basis for corn silage of 50.00 €/t, tleatment with homofermentative LAB is
comparable or better than with heterofermentati¥d3 Land especially reasonable for dairy
farmers due to the better feed intake.
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Table 1: Increase of the biogas-yield as influenlesg@rganic acids

. Corn silage Corn silage Increase by Incregse b
Corn silage
+1% ac.acid +1%lac. acid 1% ac. acid 1% lac. acid
Mean SD Mean SD Mean SD

Biogas (Nmé/t FM) 1905 55 1985 25 2018 4,9 57,9 9,29

Methane (Nm3/t FM) 1058 2,7 1102 16 1109 1,8 354, 5,08
Biogas (Nm?¥t ODM) 636,4 184 6630 84 6741 16,3556 31,02
Methane (Nm3/t ODM) 3534 90 3679 51 3703 6,1 4,3% 13,27

Methane content (%) 52,2 48 555 0,2 550 0,5 3,30 2,80
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Introduction - the potential of biogas production n the Czech Republic

The production of biogas, including landfill gasadhbeen developing in the Czech
Republic primarily through degassing of municipalste landfills and stabilization of sewage
sludge in wastewater treatment plants. This patkns largely (80%) used. The highest
potential is in the processing of agricultural ieable raw materials, i.e. animal feces and plant
biomass. Biodegradable waste was previously predess biogas plants in co-fermentation
with animal feces. New regulations concerning tperation of biogas plants, energy prices and
digestate handling favor biogas plant, which widlt be processing waste. Therefore, it is
presumed the construction and operation of the Bpe€cialized in processing BDW. In
particular, the processing of kitchen waste, iniclgdrying oils and in particular from cafeterias
and restaurants, the grass from maintenance,lidiptdlops, waste from biodiesel production,
and solid waste from the food industry includingtge: wastes and inedible food products and
NGA (bone meal, rendering works fat and slaughtaste). Some of the waste gets lost in
landfills of communal waste or in waste water (thgb the kitchen shredders) and green waste
from a separated household biological waste isigiteferable to use in composting. It must be
assumed that the available potential of BGP praogssnly waste will not exceed 220 GWh
and an installed capacity of 28 MWe. It can beuaked with about 125 BGP.

Data available on the potential of agricultural amaiste BGP listed in tab. No. 1 are
derived from the study of MUZIK, SLEJSKA 2009 atite production data shows that
agricultural BGP fill the available production potial of 485 million ni of biogas from
16.4 % and BGP processing only waste only from %.5The potential of sewage BGP is
currently filled with about 80 % and at degassiagilities for landfill is almost completely
filled. The total potential of all plants producibggas is filled from 27.4 %.

Currently, is for the processing of BDW in case mdcessity for hygienization
(slaughterhouse waste, waste from restaurantsamtdens), being used an anaerobic digestion.
However as well the kitchen waste, including westen kitchens, often disappears into the
wastewater or municipal waste landfill, or are,conflict with legislation, fed to livestock.
Further development of anaerobic digestion of BD#pahds on the separated collection of
BDW, but even here exists the competition with peration cheaper composting plants.

Barriers to further development of biogas plants inthe CR and their removal

In 2002, in addition to sewage biogas plants haenboperated only 6 other devices
primarily processing animal feces and manure. Nayadare already 131 facilities with
installed capacity of 62 MWe in operation. Thisrese is due to legislative action. This is
primarily a law 180/2006 Sb. "On the promotion tdatricity from renewable sources" and in
particular guarantee purchase of electricity, gote prices for 15 years and possible "Green
bonus" for the use of electricity directly to theeegy market. Furthermore this has been due to
grant aid on financing projects BGP, particularthyough operational programs and state
program for the use of renewable and secondargegrssurces with at least 40% cofinancing
of the investor. The feed-in tariffs of electricgypplied to the network is intervened by the the
State and varies by category of biogas plants. é$iglfieed-in tariff is for agricultural BGP
(4120 CZK / MWh) and for BGP processing waste isyab50 CZK / MWh. Price for
electricity production in the BGP at WWT or lantli$ at the facility built after 2005, only
2420 CZK / MWh. The same differences by categorB@P are at the price of green bonuses.
Likewise the introduction of digestate from agriauhl biogas plants as fertilizer does not
required any registration, whereas for the digedt@m waste biogas plants is such registration
required even when it is for own use.
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Categorization of BGP according to processed safiestrwas necessitated primarily
because of the odor control at so-called co-feratemt of waste, animal feces biogas
production with the addition of BDW on devices ttimve been adapted to other waste,
particularly meat and bone meal rendering plars, faaper sludge, etc. BGP designed as a one-
stage device with uncovered reservoirs of digestéte a little delay time had been overloaded
with waste by their operators in order to obtaighhievenues for waste. During this has been
shown that:

« lack of erudition of entities engaged with BGP;

« lack of discipline of BGP operators, obviouslyowg processed operating procedures;

« lack of legislation on the operation of BGP;

« lack of control from the permitting and inspectioodies.

There are barriers despite the high societal sugpothe development of biogas plants
in the Czech Republic. Civic associations agaimstdonstruction of biogas plants in other new
locations are getting formed based on the operatiarewly built biogas plants co-fermenting
BDW with animal feces inconveniencing the populagievith odor.

Activities of these civil society groups have beeiccessful in many cases and a number
of socially beneficial investment projects were moplemented (Uhalky u Prahy, Tinov). On
the basis of legitimate complaints by citizens #@swnecessary to terminate due to odor the
activity of several biogas plants. Odor defectswat mostly BGP processing BDW and at
BGP processing only agricultural renewable raw mtethere is a minimum of complaints.
This barrier is currently being successfully addeeks through legislative amendments in
particular the legislation of air, waste and fexéifs. Credit for this also has Guidance of the
Ministry of Environment to conditions of approvarfBGP before being put into operation.
This guideline provides a uniform procedure of goweent at the approval and authorization
for the BGP and imposes to optimize the operatmmditions of BGP in term of environment.
In particular, emphasis is placed on the permigsibVel of odors. On the BGP processing
wastes including NGA are higher requirements footgution against leakage of odorous
substances, both at the import and storage of wdsigienization and at handling with
digestate. Biogas plants processing waste shaald plenty of hidden storage capacity for
digest and that for minimum of 4 months. There reead at each BGP address emission limits
for odorous substances both in normal operationdamihg accidents. For this elimination is
advisable to use bio-filters rather than filtershsactive carbon.

The barrier of resistance of the population againstBGP is being removed by good
operation experience of some of the new BGP an@éXayrsions to BGP in Germany and
Austria. Since 2006, there have been about 50 n@R But into operation in the CR. New
knowledge from their operations show the possiboit other problems. It is a bad operation of
BGP due to insufficient knowledge of their own femation process and operator
inexperience, mistakes in the choice of technolagy regard to the processed substrates,
errors in construction projects and a huge effastsave the investment and operating costs
leading to violation of technological disciplinesAa result of these errors occur operational
difficulties manifested by decrease in power outpand production of odor, which often ends
up in a complete collapse of the fermentation peagith the need to restart the process. These
lacks are reflected in the service economy of B@Particular it prolongs the ROI.

Economic barriers for development of building BGR gradually eliminated by the
increasing societal support and the risk of cowtivn of BGP decreases. Among agricultural
BGP and BGP, which are devices for waste manageraeatsome differences. Investment
costs for BGP processing wastes are higher (21@3 thousand. CZK / kWe) than in
agricultural BGP (110 - 130 thousand. CZK / kWehisT difference in investment costs is
caused due to the need to build hygienization amtstechnical measures for the extraction and
filtration of odorous gas and for digestate corgaiclosure at the BGP processing waste. Also,
operating costs for these BGP are higher becaudeafonsumption of heat and electricity for
hygienization and crushing of BDW and in NGA, etiisgrthermophil mode of fermentation,
demonstrating hygienization and higher costs imth@agement of digest. Economic efficiency
of BGP is affected not only by investment parangteamely investment costs, costs of capital,
the amount of grants, but as well operational diarsstics, particularly income for waste
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treatment, for the sale of electricity, heat argedtate. Feed-in tariff of electricity from BGP is
set for 15 years ahead, but is lower than in neighg Germany. Also price for waste treatment
in the BGP is in comparison with Germany and Aaswery low, however it can be assumed
that it will increase with the price increasesandfill of waste. Sales of heat, which is at biogas
plants still insufficient, can significantly increa the efficiency of BGP. The economic
efficiency of BGPis as well given by the way of elsgate treatment and its eventual sale as
a registered organic fertilizer can be a signifidan the operation of BGP. For the return of the
investment costs incurred for the construction &MBis primarily crucial the amount of non-
repayable subsidies. In the case of grant of 40%awastment costs may reduce the return on
investment in the good operation of the BGP to 2Qoyears, which is about two thirds of the
expected life of the equipment.

Conclusion

Proposal of Directives of the European Parliameut the Council "on the promotion of
energy from renewable sources" puts great empbadise use of energy from bio-waste. Also
the new document "Green Paper on handling of @iniaste in the European Union (COM
2008-811) prefers the energy use of BDW espedidithen and food bio-waste. If the separate
collection of kitchen waste is not guaranteed dede become components of communal waste
landfills, mechanical - biological treatment usifog stabilization of the biological compound
anaerobic digestion producing biogas is recommended

Environmental aspects of anaerobic digestion devaat and can significantly reduce
the increasing greenhouse effect and climate chakighe same time, the production of biogas
ensure the substitution of fossil fuels, includmgtor fuels and enhances energy security. An
example might be Germany, where is installed mdrant4 thousand BGP. From this
perspective, is provided a society support for therent projects by intervened price of
electricity from BGP and investment subsidies catgdy justified. This support is significantly
higher for agricultural BGP. In the conditions ¢fet Czech Republic, where prices for the
processing of biological waste are significantlwés than in Germany, | recommend to
increase feed-in tariffs for electricity and thécprof green bonuses for BGP processing BDW.
This measure would lead to the installation of addal BGP processing waste, which would
be reflected by reducing the amount of biodegradahlinicipal waste deposited in landfills.
Dedication: This paper was written with support of the projdétZV No QH81265.

Table 1: Annual production potential and energy usk biogas in the CR and its
implementation

. WWTP WWTP BGP BGP !
Item unit . . . . landfills | Total
municipal | industrial | agricultural | wastes
Available potential:
Biogas production mé" 69 7 485 140 | 69 780
Electricity production| GWh | 89 7 753 218 100 1167
Heat production TJ 870 110 2900 847 94 48211
Number of plants pcs 110 27 365 125 60 687
Year 2008
Biogas production mg 57,9 3,6 411 10,3 62,7 150,5
Electricity production| GWh | 74 4 73,3 18,3 97,2 756,
Heat production TJ 690,2 62,2 181,3 45,2 86,4 a5,
Number of plants pcs 72 13 78 21 80 264
Year 2009 (estimation)
Biogas production mé" 60,0 4,5 79,6 12,8 | 674 224.3
Electricity production| GWh | 76,4 5,2 124,1 22,0 101, | 328,9
Heat production TJ 702,7 70,4 454,0 46,5 95,2 1368,
Number of plants pcs 97 16 125 24 84 346
-121-

Forage Conservation, 2010



-122-
Forage Conservation, 2010



Posters

-123-
Forage Conservation, 2010



Competitiveness, Yield and Forage Quality of Softrad rough-Leafed
Varieties of Tall Fescue (Festuca arundinacea Schrg in a Mountain
Environment.
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! Research Centre for Agriculture and Forestry Laimty Auer, Italy
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Introduction

Tall fescue would be a desirable component of seietlires for permanent, intensively
farmed meadows in mountain regions subjected taremdry periods, such as it is the case of
some areas of South Tyrol, as it is one of the $pecies well adapted to such conditions.
However, there are two issues to be clarified, riten to allow for the development of such
a seed mixture. Firstly, this species is known & pgworly competitive in the early phase
because of slow establishment (Badoux, 1971). Ty lead to an unsatisfactory share in
mixed lawns and varieties with good competitivenglssuld be chosen. Secondly, under dry
climate conditions tall fescue can become domiivamtixed plant stands. In pure plant stands
there is indeed concern that the rapid deterianatd forage quality with increasing
developmental stage may result in a poor intakihiefforage when fed to dairy cows (Paoletti
et al. 1998). For this reasons, ab5-year field grpent was conducted in a mountain
environment to evaluate several tall fescue vasefor competitiveness, yield and forage
quality.

Material and methods

The field trial was established on th® df April 2005 at the experimental farm Mair am
Hof in Dietenheim (920 m a.s.l., Bruneck, Southdlyftaly). The soil had a pH of 6.3, a humus
content of 51 g/kg, a P-content of 122 mg/kg atdantent of 373 mg/kg. The mean yearly
temperature and precipitation sum in the quinquenri2005-2009 were on average 7.7 °C and
856 mm respectively. Five soft-leafed varietiesr@@g Bariane, Barolex, Belfine, Molva) were
compared to four rough-leafed varieties (Asticowka Hykor, Kora). Hykor, although
registered as atall fescue variety, is actualliestulolium §estuca pratensis< Lolium
multiflorum). The plots were mechanically sown with a plot dezetrm 2200 Plotmatic
(Wintersteiger, Ried, A) at a seed rate of 40 kgfftee trial design was a Latin rectangle with
three replications and a plot size of 6.4 x 4 mthia first year, only cleaning cuts were made.
Starting with the second growing season, the twat harvested 4 times per year, following
a harvest plan (22 of May, 4" of July, 2f' of August, 2° of October). Adjustments of the
harvest date were allowed up to 12 days in accerlaith the weather conditions and with the
management of the experimental farm. The trial iextilised after each cut with about
20 md/ha of 2:1-water-diluted slurry. Before eaeinvest date, the yield share of tall fescue was
assessed in each plot. a 1.35 m-wide strip wasehted in the middle of the plot along its
longest side and the fresh yield weighed with klfseale. a 500 g-mixed sample was used to
determine water content after drying at 60°C foleast 4 days. a grass sample of 200 to 250 g
fresh weight, containing tall fescue only, was oi#d in the field trough manual separation
from other species and used for forage qualityysesl. Forage quality was determined from
2006 to 2008 according to Van Soest (Naumann e1887). Digestibility in 2007 and 2008
was measuredh vitro for the first cut and on a mixed sample of thdofeing three cuts
according to Tilley und Terry (1963). The tall fasenet yield was calculated for each cut by
multiplying the tall fescue share by the DM-yielfl the mixed plant stand. Year summary
variables were calculated for all traits but thgediible organic matter (DOM) as weighted
means with respect to the tall fescue-net yieldti€tcal analysis of data was performed with
a mixed model taking into account the variety amdigh factors (lines and columns) as fixed
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and the year as arepeated factor. The second-iotdegictions of the year with variety and
design factors were included in the model. Fordtagistical analysis of DOM, the interaction
cut*year was included as a repeated factor in tbeet as well as the cut, the year and their
interactions (up to the third order) with the otFaators. Prior to analysis, data were checked for
normality of residuals and homogeneity of variané&sst hoc comparisons were performed by
LSD test. a probability of P < 0.05 was regardedigsificant.

Results and discussion

All traits but DOM were significantly affected byoth the variety and the year.
Interactions between them were detected for tattde net DM-yield and crude protein. DOM
was affected by variety, cut and by the interactiércut and year. Results depending on the
factor variety are shown and discussed.

Although pure sown, the vegetation of all plotsoifly developed to mixed lawns, mainly
due to the germination and establishment of leguamesforbs from the soil seed bank. The
mean share of tall fescue decreased on averagesftgtrin 2006 to 35% in 2009, showing that
other species rather tall fescue were advantagedheygiven climatic conditions. Such
conditions, not particularly dry in summer, providealuable information about the
competitiveness of tall fescue. The tall fescuerssheas higher for rough-leafed than for soft-
leafed varieties, with Barolex and Molva exhibitingermediate features (Tab. 1). a similar
pattern was observed for the tall fescue-net yi€he varieties showed in this respect a large
variation, with Kora, the most productive varietielging one third more than the least
productive (Bariane). On the whole, rough-leafedetges showed better competitiveness than
soft-leafed varieties. In accordance with our fig$, alower competitiveness of Molva,
Belfine and Barolex in comparison to Kora was régabby Suter et al. (2009). However, this is
probably also caused by a different earliness efuirieties. As a matter of fact, among the
investigated varieties, the rough-leafed have arieeadevelopment than the soft-leafed,
as shown by our observation in the field and bynplagical surveys on these varieties reported
by other authors (Joggi et al., 1981; Paolettiletl®98; Suter et al., 2003; Suter et al. 2009).
Concerning forage quality, higher crude proteinteoh was found for soft-leafed varieties,
while NDF and ADF were found in higher amount ameaggh-leafed varieties. Also these
findings are in accordance with the expectatiorestduthe different earliness of soft and rough-
leafed varieties.

Table 1: Yield share, net tall fescue-yield andaf@r quality of the investigated varieties. ADF
values were log-transformed for analysis; back-sfanmed means are shown. Means without
common letters are significantly different.

Variety | Leaf | Tall fescue-| Tall fescue- | Crude | NDF ADF ADL | DOM

type | yield share | net DM-Yield | Protein| [g/kg] | [o/kg] | [g9/kd] | [g/kg

[%0] [t/halyear] [g/kg] DM]

Kora rough| 51.4" 6.0" 142°° | 592"° |336"° [50° |641"
Hykor | rough| 51.1% 5.8"° 138" | 5917 | 339" | 53°¢ | 636"
Fawn | rough| 46.6"° 5.9"° 1325 | 601" | 342" |56°° |601°
Astico | rough| 45.6"° 5.7"° 137°F | 592" | 341" |52° | 634"
Barolex| soft | 44.3"%¢ 4,775 154° | 573PF [322° [55°¢ | 636"
Molva | soft | 43.8"°° 4.6°° 149°° | 583%°P [ 326°P | 51° | 616°°
Belfine | soft | 38.9° 4.2°¢ 153% | 578°°F [ 331°° | 64"° | 625"°
Barcel | soft | 38.2° 4.3° 153° | 573" [326°° | 51° |[628"°
Bariane| soft | 36.0 3.8 164" |567° [319° |71% |[617°°

On the contrary, the lignin content (ADL) was notufd to be consistent with the leaf
type. The highest value was observed for Bariart@chwis reported to be very late in the
development and exhibited in our experiment theektwalues of the NDF and ADF. On the
opposite, the lowest lignin content was found farr& which had high values of NDF and
ADF. Also thein vitro-digestibility varied depending on variety and wa$ consistently related
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to leaf softness, with the highest values beinghdoior the rough-leafed varieties Kora and
Hykor and for the soft-leafed variety Barolex.

Conclusions

The choice of suitable varieties of tall fescuedaeed mixture for permanent, polyphyte
meadows should take both competitiveness and wudhaits into account. While
competitiveness, protein content, NDF and ADL seémnbe strongly related to the leaf type
and to earliness, lignin content and digestibiigem to rather depend on the single variety.
Kora among the rough-leafed and Barolex among tifieleafed varieties can be considered
a good compromise between competitiveness and dogaglity. Further research should be
devoted to the optimisation of such a seed mixture.
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Abstract

The work objective was to assess the content obtoyins entering the food chain from
the fodder. The paper includes two years obsemalibe content of mycotoxins was assessed
in fresh herbage. The evaluated species were Lolpgnenne, Festulolium pabulare,
Festulolium braunii, mixture these species withtkes rubra and mixture these species with
Poa pratensis. The content of mycotoxins was estednl by Elisa method. Mycotoxins
assessed were deoxynivalenol (DON), fumonisin (FOBf)atoxin (AFL) and zearalenon
(ZEA). DON and ZEA were detected in summer andutumn too. Lowest content (P<0.05)
was in June (DON 32.5 ppb, ZEA <LOQ), highest contg<0.05) was in October (DON
53 ppb, ZEA 173 ppb). AFL and FUM were under liofiquantifications (<LOQ).
Keywords: perennial grasses, zearalenone, deoxynivalenoSALlI

Introduction

Microorganisms in the phyllosphere of grasses @ftaénced appreciably by changes in
grassland management, particularly by transitioomfr the intensive management to
extensification due to reduced cutting frequeneied lower fertilizer applications (Behrendt et
al., 1997). In late autumn, the vegetation of pasfulants gradually decreases and weather
conditions stimulate the development of microscdpicgi (Giesler et al., 1996) which, in
consequence, may lead to the formation of mycosoX{Dpitz von Boberfeld et al., 2006).
These metabolites can cause economic losses irabpnoduction and decrease meat quality
(Opitz von Boberfeld, 1996). The issue of mouldvésy topical, hamely in connexion with
forages from grass stands used at the end of theirgy season. There are considerable
differences amongst the species. Mould-resistapeeias include Festuca arundinacea and its
hybrids (Opitz von Boberfeld and Banzhaf ,2006).

The goal of the paper is assess safety of selegtexbes (Lolium perenne, Festulolium
pabulare, Festulolium braunii) and their mixturathwestuca rubra respectively Poa pratensis
during the growing season.

Materials and methods
Experimental locality

The small-plot experiment was conducted in the BRebe Station of Fodder Crops in
Vatin, Czech Republic (49°31'N, 15°58’E) and edsdtdd in 2007 at the altitude of 560 m a.s.l.
In 1970-2000, mean annual precipitation was 617anthmean annual temperature was 6.9 °C.
Soil type used in our experiments was Cambisol sandy-loam on the diluvium of biotic
orthogneiss. Soil nutrient content was in year lisesvation 89.1 mg KgP, 231.6 mg k§ K,
855 mg kg' Ca and pH was 4.76.
Experimental design

A split plot design was used with plots of 1.5 xrh0The main plots were species and
the subplots were harvest dates. The experiment caased out in triplicates. The first
evaluated factor was species: Lolium perenne (@nakur), Festulolium pabulare (cv. Felina),
Festulolium braunii (cv. Perseus), mixtures of éhepecies with Festuca rubra (cv. Gondolin)
and/or Poa pratensis (cv. Slezanka). The shafeestfuca rubra and/or Poa pratensis in the
mixture was 15 %. The second evaluated factor veagest date. In summer was used grass
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stand as double cut in June and July. Subsequauatiynn harvest dates were October and/or
November and/or December. The observation toolepiao years 2008 and 2009.

Pure stands of each species were sown with 30 kgéeds and each mixture was sown
at 37.5 kg ha The experimental plots were fertilized with 50 k@ N. Dates of cuts were in
summer beginning of June and end of July. Subsdigueants in autumn were beginning
October and/or beginning November and/or beginiiiagember. The plots were harvested by
self-propelled mowing machine with an engagemerit 2% m. Harvested area was 125 m
Detected parameters

ELISA method was applied for estimated of conteftnycotoxins deoxynivalenol
(DON), zearalenone (ZEA), fumonisin (FUM) and &dkan (AFL).

Statistical analyses

Data were processed using the STATISTICA.CZ Verddh(Czech Republic). Results
are expressed as means (x), which are supplementt avandard error of mean (s.e.).
The obtained results were further analyzed usiagMHOVA.

Results and Discussion

The content of DON was in summer at evaluated spdicbm 33.0 to 51.7 ppb (Tab. 1).
The higher (P<0.05) content of DON was in June timaduly. The content of ZEA was at
Lolium perenne and Festulolium pabulare under ligfitquantifications (<LOQ). Highest
content of ZEA was at mixtures (102.1 ppb, respebti112.5 ppb). Major different between
species was not significant because are highedatdrerrors of means. The contents of AFL
and FUM were zero or under limit of quantificatiorihis reality is valid for summer and
autumn samples too. Samples of grasses in autuntaieed comparable amount of DON as
samples in summer. During of autumn decreased (Bx@ontent of DON (Tab. 2). Evident is
different between year of observation (P<0.05),. tbbhe content of ZEA was lowest at
Festulolium braunii. Content of ZEA decreased froctober to December (P<0.01) equally as
DON. Reason for low production of mycotoxins can thecreasing temperatures when
mycotoxins are not produce. Warm weather duringuraat is the other way suitable for
mycotoxins production. The effect of not only bookiut also abiotic factors on the production
of mycotoxins mention DeNijs et al. (1996), Engaisl Kramer (1996). The content of ZEA
was in October considerable higher (173.0 ppb) theaummer (<LOQ, respectively 122 ppb).
According to D"Mello (2003), a zearalenone congaidn ranging from 0.2 — 1.0 mg kis
even toxic for rodents. Forage with a zearalenamgent higher than 0.5 mg kgs not advised
for feeding (Marasas et al., 1979).

Conslusions

During the growing season can be forage of grassetaminate with mycotoxins. It is
especially in July and in October deoxynivaleno®{{) and zearalenon (ZEA). Increase risk of
mycotoxins input to food chain. Different in safety individual grass species was not
statistically proved. However was evident lowesiteat of ZEA at Festulolium pabulare.
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Table 1: The influence of species, harvest datel gear on the content (ppb) of
deoxynivalenon (DON) and zearalenone (ZEA) in summe

Factor DON ZEA

X | s.e. X | s.e
Species
Lolium perenne 78,1 17,1 <LOQ 0,0
Festulolium pabulare 65,3 16,9 <LOQ 0,0
Festulolium braunii 35,1 13,6 91,0 90.9
Mixture with Festuca rubra 38,9 18,6 1125 112,4
Mixture with Poa pratensis 42,4 25,2 102,1 102,0
Level of significance 0,433 0.732
Harvest date
June 32,5 12,3 <LOQ 0,0
End of July 71,4 7,7 122.0 62,5
Level of significance 0,015 0.066
Year
2008 54,6 11,6 122 62,6
2009 49,3 12,6 <LOQ 0,0
Level of significance 0,762 0.066

<LOQ = under limit of quantifications

Table 2: The influence of species, harvest dateyaad on the content (ppb) of deoxynivalenon
(DON) and zearalenone (ZEA) in autumn

Factor DON ZEA

X | s.e. X | s.e
Species
Lolium perenne 41,4 11,1 56,7 51,0
Festulolium pabulare 36,2 12,1 16,3 7,4
Festulolium braunii 33,0 13,1 60,7 60,7
Mixture with Festuca rubra 51,7 15,7 78,0 77,9
Mixture with Poa pratensis 47,6 16,5 92,4 80,3
Level of significance 0.867 0.926
Harvest date
October 53,0 9,2 173,0 66,2
November 51,7 12,0 3,7 3,6
December 21,4 6,1 5,8 3,8
Level of significance 0.041 0.005
Year
2008 26 9,3 111 49,1
2009 58 4,7 10 3,9
Level of significance 0.005 0.049
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THE CHANGES IN GROSS ENERGY CONTENT IN LUCERNE
LEAVES AND STEMS IN THE FIRST CUT

HAKL J., MASKOVA K., FUKSA P., SANO&EK J.
Department of Forage Crops and Grassland Managentezgch
University of Life Sciences Prague
Kamycka 957, 165 21 Prague 6 — Suchdol, Czech Rephbkl@af.czu.cz

Abstract

The aim of this study was to evaluate changes liorifia values of lucerne leaves and
stems in dependence on stem length in the firstiic@007, the forage sampling was repeatedly
realized at the late bud and at the late flowegestia the first cut with three replicates. Each
sample was separated into two stem length catg@ory40 cm; > 40 cm) and the maximum
stem length, stems count, and dry matter weightates and stems were assessed by each
category. The calorific value (J/g) in dry biomagss consequently measured in each sample.
The most significant effect was recorded for lenggitegory when leaves and stems > 40 cm
had significantly higher calorific value in common with < 40 cm. Positive significant
correlations were found between calorific value aondnt, length and dry matter weight for
leaves and stems. It is possible to conclude,dteanhs tend to have higher calorific value than
leaves. With regard to stage development, it wagooB that increase of calorific value during
lucerne development is only in the stems whilsttétyed at the same level within the leaves.
For future similar research, the assessment ofiialgalue primarily in lucerne stems should
be recommended. This value represented gross ewerggnt and could be connected with
increasing ratio of energy rich materials (lignivich are related to forage quality.
Keyword: forage, alfalfa, quality, calorific value

Introduction

The energy in plants is accumulated as an orgaattemdue to synthesis of energy rich
materials originated from the photosynthesis. Thergy content in plats is dependent on
plant's compositions. According to Paine (1971 fbwest energy content is in mono or
disaccharides (glucose 15.4 kJ/g, saccharose 1&g}, lpolysaccharides have a higher energy
content (starch 17.4 kJ/g, cellulose 17.6 kd/gnfother plant substances, lignin has 26.3 kJ/g,
proteins have around 23.7 kJ/g and fats have 3%§. Khe energy content is assessed as
calorific value of dry matter of sample by calorini® method (Sommer, 1994). If the ash is
included in the weight of sample the resulted vakaild be called as gross energy and is
a base for evaluation of energy value of feed.

Generally, the gross energy in plants is influenbgdrange of factors. According to
Fuksaet al. (2006), statistically significant differences ialarific value among individual plant
parts of maize as well as among level of weed fafEs were observed. Hakt al. (2009
described significant effect of year on calorifedwe of lucerne forage in the first cut which was
connected with sum of effect temperature as arpnediry result. In this experiment from
vegetative to early flower stage, effect of stagel@elopment was not significant in spite of
changes in plant's composition. Similar resultshwitt substantive changes in calorific value
during lucerne development were published by Homelk al. (2009). This result could be
explained by differences in calorific value of luce plant’s part and also changes in leaf-stem
ratio during lucerne development. For example, ehgsanges were described by Haklal.
(2009") where stem length was observed as one of the impsirtant parameter. Therefore the
aim of this study was to evaluate changes in dalovalues of lucerne leaves and stems in
dependence of stem length in the first cut.
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Materials and Method

The experiment was conducted in the experimengd fof Czech University of Life
Sciences Prague. In 2007, the forage sampling &@satedly realized at the late bud and at late
flower stage in the first cut with three replicatdsed variety was Jarka and experiment was in
the third of vegetation year. Each sample was sépdinto two stem length category: 0 — 40
cm and > 40 cm. The maximum stem length stems caumat dry matter weight of leaves and
stems were assessed by each category. The calaifie (J/g) in dry biomass in plant parts at
each length category was assessed using an autoawitibatic calorimeter IKA C 5000
control. Paired samples t-test; ANOVA and correlatianalyses were performed using
STATGRAPHICS Centurion XV.

Results and Discussion

Means of calorific value of lucerne forage partshe bud and flower stage separated
according to length category are presented in Thb@btained calorific values correspond with
Homolka et al. (2009). The most significant effect was recorded length category when
leaves and stems > 40 cm have significantly higasorific value in comparison with < 40 cm.
According to Haklet al. (2009), the stems with length < 40 cm represented iamee only
20 % of total dry matter yield so did not influedosonsiderably total forage yield. Differences
between calorific value of plant parts were sigmifitly confirmed. However, this effect was
highly irregular. Generally, it is possible to carde, that stems tend to have higher calorific
value than leaves. These observations were in mgreewith the result of Fuksat al. (2006)
who showed this significant effect for maize criopour experiment, lower entry data set must
be taken in the account. With regard to developaiesiiage, it is obvious that changes in
calorific value during lucerne development are clicagped. It is possible to expect that calorific
value of lucerne forage would be increased duriegetbpment because there are positive
significant relations to dry matter weight, couleingth and dry matter weight for stems and
leaves, respectively (Table 2). Based on the Thbikeis obvious that increase of calorific value
during lucerne development is only in the stemslstlii stayed at the same level within the
leaves. In this case for three replicates, thet le@gificant differences for calorific value
between stages were 511Jand 288 J.gat leaves and stems, respectively. It is possible t
expect significant difference in calorific value laterne stems between developmental stages
when the higher count of replicates will be used.

Table 1: Means of calorific value (J/g) of lucerfoeage parts in the bud and flower stage in thetfaut
(n = 3; for all length categories n = 6; p-valuesrfpaired samples t-test are in Latin, significaaiues
are in bold).

stage length category calorific value p-value
leaves stems
late bud <40cm 16970 17267 0.0026
> 40 cm 18264 17931 0.0034
0.0064 0.0157
late flower <40cm 17159 17395 0.5425
> 40 cm 18014 18246 0.0811
0.1507 0.0091
bud stage all 17616 17598 0.9035
flower stage all 17587 17821 0.1754
0.9126 0.0842

Table 2: Coefficient of determination between déilowvalue of lucerne forage parts and stems count
and length and yield of stems or leaves (n = Ighificant values a&=0.05 are in bold).

leaves stems
R p-value R p-value
count - - 0.39 0.0300
length - - 0.68 0.0009
weight 0.66 0.0013 0.79 0.0001
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Conclusion

With limited data from one year, this study confnsignificant positive correlations
between calorific value and stem length, countweaijht as well as leave weight. With regard
to plant parts, the stems tend to have higher ifialoalue than the leaves. It was obvious that
increase of calorific value during lucerne develepiris only in the stems whilst in the leaves it
stayed on the same level. For future similar resedhe assessment of calorific value primarily
in lucerne stems should be recommended. This vadpeesented gross energy content and
could be connected with increasing ratio of enaigly materials (lignin) which are related to
forage quality. The experiment is continuing sailtsscan not be definitive for the time being.
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Fractions of Protein and Fibre of Alfalfa
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Introduction
Nitrogen substance (crude protein) region to deasmpmmediately after the harvest or

chopping of green plants; this process is calledgalysis and shows a negative effect not only
on the nutritional value of feed but also on thenfentation process in the course of ensiling.
These changes concerned also fibre. Their courpende on the speed and method of
harvesting and wilting and also on the speed arditgwof feed preservation. In this study we
tried to follow up changes taking place in indivaditraction of nitrogen substances and in fibre
in the course of wilting and fermentation of alfalpreserved at lower dry matter content
(i.e. 31.5 %).

Material and Methods

Experiments were performed with alfalfa variety G@A’. This is a medium-early
variety of theerectumtype (its plants are robust and upright). Alfalfasssown from 5 to
7 April 2008 using a drill machine Vaderstat (6 fMpe cover crop (a mixture of legumes and
cereals - LCM) was sown thereatfter, i.e. from Z@April. Green fodder (i.e. alfalfa plus LCM
together) was harvested on 9 to 11 July and tHd giefresh matter was 317 g/ha. In 2009, the
stand was repeatedly (twice) harrowed on 4 Aprdrdehemicals were not applied neither in
the first nor in the second year of this experiméihie first experimental cut from 95 hectares
was harvested on 25 May and the average yields5wadsa of DM. Samples of green matter
from the first cut were collected immediately afteitting and after 24 hours of wilting on the
fields of the experimental farm of the Institutefofimal Science in Prague-&ihéves (cadastre
Krélovice). Samples (1 kg) of chopped material wvifita theoretical length of cut (TLC) 40 mm
were preserved with an additive based on formid &Bil/t) and put into plastic bags from
which the air was sucked out. These samples weredsht a stable temperature ranging from
20 to 24°C for the period of 60 days. Thereafter they waralysed using classical Weende
methods (AOAC, 1995); NDF was determined accortingan Soeset et al., (1991) and Doane
et al. (1997), CP fractions according to Licitra at (1991). Acid content and pH were
determined by AOAC (1995). Nitrogen substances vestémated using the Kjeldahl method
and (for comparison) also according to Dumas. Bactant was established in six replications.
The results were analysed statistically using Q@eEix 3.0 (TriloByte Statistical Software,
2010).

Results and Discussion

During 24 hours of wilting, the DM content of aflincreased nearly twice (i.e. from
initial 17.7 % to 31.5 %). At this DM content it waery risky to preserve the chopped material
without a chemical preservative and for that ressmomdditive based on formic acid was used.
After 60 days of fermentation the content of DMrgased by 1 %; this indicates that DM losses
were low and corresponded with results obtainedeumpdactical conditions. The differences
between wilted fodder and silage were statistidatjgnificant.

The Cornell University in Ithaca, U.S.A. developedystem of estimation of individual
fractions of N-substances and saccharides (Coiell Carbohydrate and Protein System,
abbreviated as CNCPS). This system classifies cprdeein (CP) as non-protein (A) and
protein fractions. Proteins are further classifeedsoluble (B) and non-soluble (C) fractions.
Although in our experiments the concentration of @Pensiled material increased only
insignificantly (P>0.05), there were significantatiyes in percentages of individual CP
fractions. Fraction a was significantly higher iilted forage than in fresh green matter (482
45.2 %); in silage, its percentage was significafitigher than in wilted fodder (45.2 vs.
61.3 %). An increase in the share of Fraction & tplace to the detriment of Fraction B.
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The content of CP in individual cells of plant tiesof fresh, wilted and ensiled alfalfa plants
was studied for example by Makoni et al (1993). sehauthors found out similar changes in
percentages of individual fractions. They concludleat the process of wilting increased the
percentage of soluble CP fractions and simultarigaaiso that of chloroplasts. Proteolytic
changes in CP fractions in silages were studied his Lanzas et al (2008), Repetto et al.
(2005), Guo et al (2008), Elizalde et al. (1999) &ibeiro et al. (2001); their objective was to
reduce degradation of protein and the obtainedtsesere similar to ours.

In the course of wilting and fermentation of alfalfith DM content of 31.5 % there were
also changes in the fibre fraction. The highesttemnof NDF.was recorded in wilted fodder
(446 g/kg DM); the difference between wilted andikd material (436 g/kg DM) was non-
significant. However, a decrease in the contentheficellulose due to fermentation was
significant (P<0.05); in wilted fodder and silagkese contents were 102 g/kg DM and 62.2
og/kg DM, respectively. This indicated fermentatiaativities of lactic acid bacteria (LAB),
which used hemicellulose for their growth and pgaien.

Conclusions

During the process of alfalfa wilting on the fieddd during the subsequent fermentation
under anaerobic conditions there are changes mpirothe DM content but also in percentages
of individual nutrients, above all of total crudeofein and fibre (as well as in their fractions).
Wilting and especially fermentation increase theepetages of soluble non-protein fraction (A)
to the detriment of soluble protein fractions (Bjthough the differences between contents of
NDF in wilted and ensiled alfalfa were statistigahsignificant, the content of hemicelluloses
was significantly higher in wilted material than silage. This indicates the fermentation
activity of lactic acid bacteria, which use hemiigielses for their growth and propagation.

Table 1: Fractions of protein and fibre of alfalfas green, wilted and ensiled

Index Unit Green Wilted Silage

DM g 177.24 £2.11a| 314.66 +0.93b 312.66 +6.69b
CP Dumas g/kg DM 199.67 £ 6.12a 212.93 +3.61b 72%.6.14b

A fraction % 40.17 £ 0.34a 45.23 +2.23b 61.28@4¢t.

B fraction % 512.33+£6.34a] 641.00 + 22.06b 30100.76c
C fraction % 88.87 £ 4.29a 87.00 £0.75a 86.33064.
NDF g/kg DM 398.29 + 12.63a 445.94 +21.41b 436:1865.06b
ADF g/kg DM 321.92 +11.00a 343.86 + 15.39a 374®@45b
Hemicelullose| g/kg DM 76.37 £21.37a| 102.08 £8.47b 62.16 £ 9.93a
ADL g/kg DM 68.24+2.19a | 75.72+3.14a 85.25 +M?2
CF g/kg DM 259.00 + 13.03p 288.01 + 26.47ab 31a.8516b

Values within the same row followed by differemiesacript letters are significantly different
(P<0.05)
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DYNAMICS OF PHYTOMASS GROWTH OF MULTI-CUT
SORGHUMS DURING THE VEGETATION PERIOD
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Abstract

Field experiment with multi-cut sorghums was esthlgld in an experimental plot of
Czech University of Life Sciences Prague in 2008urFhybrids (sorghum x sudangrass) were
evaluated in the dynamics of phytomass growth aetil.yTwo conventional hybrids (Nutri
Honey, Latte) and two brown midrib (BMR) hybridsdiity Graze BMR, Big Kahuna BMR)
were used. Measurement of plant height and samplfiradpove-ground biomass was practiced
in vegetation period in 7-days intervals (from 24 till 30 July). BMR hybrids reached
significantly @ = 0.05) lower plant height during all evaluatedipe whereas plant weight of
BMR hybrids was significantly lower only at harveshe. Among hybrids, there were no
differences in dry matter content. At harvest ti(i8 days after seeding), the average plant
height ranged from 1.57 m (Big Kahuna BMR) to 2.0 (Latte). Conventional hybrids
produced the yield 8.97 t/ha (Nutri Honey) and 2/0& (Latte). Yields of Honey Graze BMR
was 7.42 t/ha and hybrid Big Kahuna BMR producedificantly the lowest value 5.11 t/ha.

Introduction

New hybrids of multi-cut sorghums (sorghum x sudagg) are perspective annual forage
crops. Phytomass can be used as green feed, simgdor grazing or energy crop utilization.
Multi-cut sorghums represent alternatives to traddl forage crop, above all the grasses, as
they can tolerate the moisture deficit very weley prefer warm conditions, but we can use
them in areas with lower temperatures, as well €Pegh and Fritz, 2000, DoleZtl al, 2009).
Sorghum hybrids attract attention in the northeastUSA because of its ability to produce
acceptable forage yields on marginal maize groufittdr et al, 2005). Forage cultivars of
sorghums are divided into conventional hybrids bravn midrib (BMR) hybrids according to
digestibility of organic matter. BMR hybrids comtdiower content of lignin in cell walls and
show higher digestibility in later phase of vegetat Stands of multi-cut sorghums could be
harvested 2 — 3times in vegetation period (Dolestahl, 2009). Our aim was to study the
dynamics of phytomass growth and plant height af t@nventional hybrids and two brown
midrib hybrids in the period prior to first cut aonditions of sugar-beet growing region in the
Czech Republic.

Materials and methods

Field plot experiment with four hybrids of multi®caorghums (sorghum x sudangrass)
was established on 18 May 2009 on area of CULSuUerafhe experimental plot is located in
sugar-beet growing region in altitude 286 m andedtiag to agrometeorological characteristics
belongs to temperate warm and predominantly dmnatic region. Duration of vegetation
period is 172 days. Average year temperature is°€.914.0 °C per vegetation period) and
long-term year sum of precipitation is 526 mm (B per vegetation period).

Two conventional hybrids (Nutri Honey, Latte) amabtbrown midrib hybrids (Honey
Graze BMR, Big Kahuna BMR) were tested in this expent. Seeding rate was 800 000 seeds
per ha (Nutri Honey: 19.0 kg/ha, Latte: 28.9 kg/Haney Graze BMR: 22.4 kg/ha and Big
Kahuna BMR: 27.5 kg/ha). Plot area was 10 (& x 5 m) and distance between rows was
0.25 m. The experiment was established in LatinasgjuFertilization with 130 kg of N/ha
(ammonium sulphate), 45 kg of P/ha (superphosphatel) 130 kg of K/ha (potassium salt) was
used before seeding.
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Measurement of plant height and sampling of abaweestd biomass was practiced in
vegetation period in 7-days intervals (from 25 Juhe&0 July). Plant height was measured on
20 plants of each plot and 10 plants were samplatetermine the plant weight dynamics and
dry matter content. The first cut was realized 0rd@ly (73 days after seeding). Sorghum plants
were sampled from two rows of each plot in 3 mewigth to determine the yield. Dry matter of
sorghums was determined by drying to constant weagh80 °C. Analysis of variance in
Statistica 8.0 softwarex(= 0.05; Tukey HSD) was used for statistical eviuaof the data.

Results and discussion

Monitoring of sorghum plants growth started on 86eJ(38 days after seeding). Average
plant height ranged from 0.21 m (hybrid Big KahwBi&IR) to 0.27 m (hybrid Latte) in this
period (Figure 1). Initial phase of slow growthpénts up to 0.2 m height is succeeded by the
period of intensive growth (DoleZat al, 2009). Statistically significant difference inapt
height was found in BMR hybrids during the monitgriperiod (except for first measurement),
but no significant difference was found betweenvemtional hybrids. Average plant height of
traditional hybrids was higher than height of BMRbhds for all the vegetation period.
At harvest time, the average plant height rangedthf.57 m (Big Kahuna BMR) to 2.00 m
(Latte).

Plant weight of sorghums during the monitoring peériis showed in Figure 2.
Statistically, there was not found a significarffatence in plant weight among tested hybrids
in particular samplings in the period from 25 Jim&3 July (¥ — 5" sampling). Enhancement
of plant weight was very slow up to th& dampling (59 days after seeding). More intensive
increase of phytomass was noted thsampling (66 days after seeding). Very rapid iaseeof
plant weight occurred in the last 7 days prior tarvest. All tested hybrids showed
approximately double increasing (1.8 — 2.3timeg)laht weight in last week.

Dry matter content ranged from 102.7 to 126.1 drkgested hybrids in the period of
1% - 5" sampling. At harvest time, the lowest value wasntbin BMR hybrids (Big Kahuna
BMR: 142.7 g/kg and Honey Graze BMR: 150.3 g/kg)contrast to conventional hybrids
(Latte: 155.3 g/kg and Nutri Honey: 159.9 g/kg) twiho significant difference (Table 1).
However, almost significant difference-yalue = 0.050% was found for Hybrid x Term of
sampling interaction. According to Kilcet al.(2005), the average dry matter content at harvest
across their study was 160 g/kg with range fronio8220 g/kg.

Conventional hybrids produced the yield 8.97 tMHat(i Honey) and 9.08 t/ha (Latte) at
harvest of stand after 73 days of vegetation. igtlHoney Graze BMR was 7.42 t/ha and
hybrid Big Kahuna BMR produced significantly lowesiue 5.11 t/ha (Table 1).

Figure 1: Plant height (m) of sorghums Figure 2: Plant weight (g) of sorghums
during the monitoring period in 2009 (p- during the monitoring period in 2009 (p-
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(NH = Nutri Honey, L = Latte, HG = Honey Graze BMBK = Big Kahuna BMR, Term of
sampling: 1 = 25 June, 2 = 2 July, 3 =9 July, 46 July, 5 = 23 July, 6 = 30 July)
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Table 1. Dry matter content (DMC; g/kg) during theonitoring period and yield of sorghums in
green matter (GM; t/ha) and dry matter (DM; t/ha)2009
Hybrid DMC (g/kg) GM (t/ha) DM (t/ha)

25 2 9 16 23 30

June July July July July July 30 July
Nutri Honey 122.2 102.7 107.1 116.1 122.3 159.9 56.4C0 8.97
Latte 121.5 105.7 111.7 116.1 117.6 155.3 58.06 9.08

Honey Graze BMR 121.7 105.7 110.0 1185 116.6 150.3 49.15" 7.42
Big Kahuna BMR  126.1 113.6 113.6 118.7 1189 142.7 36.9C 5.17F
p-value 0.0004 0.0001

Conclusion

With limited one year results, it is possible tanclude that BMR hybrids reached significantly
lower plant height during all evaluated period vdar plant weight of BMR hybrids was
significantly lower only at harvest time. Among higs, there were no differences in dry matter
content, but almost significant difference was féor Hybrid x Term of sampling interaction.
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The Effect of Organic Fertilizers and Cutting Frequency on Yield and
Quality of Permanent Grasslands
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Republic
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Introduction

The productive potential of permanent grasslanddddoe increased by different fertilization
regimes and types of mineral/organic fertilizersrg&hic fertilizers, in particular are the
irreplaceable base for rational agriculture. As Ghrat al (2009) point out, organic fertilizers
(e.g. manure) has a positive effect on the plamttimn regime and can improve the thermic and
aeration regime of the sail, intensify the activit§ the microorganisms in the soil and have
a favourable effect on the development of vegatat@rganic fertilizers if applied rationally to
grasslands can entirely replace chemical fertgizddowever, the level of fertilization and
vegetation stage at harvest has effects not onth@ury matter yield but also on the fodder gyalit
which is also greatly influenced by the floristizngposition and morphological characteristic of the
plants (Pozdisek et al., 2008). Further researdtiuoidate this issue is still necessary. This pape
presents the results from 2005-2008, on permarrassiand sites, managed with different methods
of organic fertilization (manure, dung-water, syrand intensity of use.

Materials and methods

The small-plot trial (plot size 12.539mwas established in 2004 on permanent grassléesl si
in the locality Rapotin (the geomorphologic divisibiruby Jesenik) at 390-402 m a.s.l. Total
annual rainfall is 693 mm, mean annual temperatu®2°C. The period of study was 2005-2008.
The grassland vegetation on the stands was clsifArhenatherion

Experimental treatments simulating cattle grazingrevas follows: M-0.9 - cow manure
+ dung water (model stocking rate 0.9 LU/ha), Zqér year; M-1.4 - cow manure + dung water
(model stocking rate 1.4 LU/ha), 3 cuts per year2Bl - cow manure + dung water (model
stocking rate 2.0 LU/ha), 4 cuts per year; S-Gsfurry (model stocking rate 0.9 LU/ha), 2 cuts per
year; S-1.4 - slurry (model stocking rate 1.4 LU/f&cuts per year; S-2.0 - slurry (model stocking
rate 2.0 LU/ha), 4 cuts per year. Unfertilized plaith three types of utilization were also obsdrve
—two (NF-2), three (NF-3) and four (NF-4) cuts gear as the control treatments.

The cow manure is applied in the autumn, dung water the first cut; half of the slurry is
applied in the spring and second half after thet fout. Nutrients in samples collected during the
vegetation seasons 2005-2008 depending on the aérthe cut (108 samples in total) were
analysed according to Czech State Standard 46 {&ing methods of feeding-stuffs). Crude
protein (CP) was determined by the Kjeldahl procedising the device Kjeltec Auto Distillation
2200 and ether extract (EE) by the Soxhlet metfide: Fibertec System 2023 FiberCap (FOSS
Tecator) was used to analyse crude fibre (CF). éshtent was measured gravimetrically by
igniting samples in a muffle furnace at 450°C foh4Thein-vitro organic matter digestibility
(OMD) was determined by the Tilley and Terry methd®63) modified according to Resch
(1991). The energy value (ME - metabolisable eneisl - net energy of lactation) was predicted
by means of the equations described by Petrikavid. €2000). This evaluation is officially used in
the Czech Republic and Slovakia and this systeenefgy evaluation corresponds with the system
INRA (Jarrige et al., 1989). The data were analysg@dnalysis of variance followed by the LSD
test for pair-wise comparisons among means atlgiadevel of 0.05.

-139-
Forage Conservation, 2010



Results and discussion

The results concerning dry matter yield and pararsetf forage quality are shown in Table
1. The DM vyields obtained were significantly infheed by the level of organic fertilization,
confirming the results of e.g. Samuil et al. (2008jluence of the used types of organic fertilizer
on the DM yields was not confirmed. Neverthelels, ighest DM yields were achieved for slurry
(8.23 t/ha; treatment S-3). The organic fertilizates determined changes in productivity by
increasing the percentage of the dry matter yigld b68 % (for manure + dung water), and 56-94
% (for slurry), compared with the unfertilized ciait

Further, there was a significant increase in crpdstein content in connection with the
increasing dose of slurry and increasing numbeutg per year. Significant differences were also
found for organic matter digestibility (OMD), manin connection with intensity of utilization
(60.8 %, 65.2 % and 67.4 % for two-, three- and-fau regimes, respectively). The influence of
type of fertilization was not significant as regarenergy but it was found that reduced cutting
frequency significantly decreased the energy (NEL}he forage up to 4.60 MJ/kg DM. These
results correspond with the previously publishesilts. In agreement with the findings of Pozdisek
et al (2008), we can conclude that the treatment whitlee cuts per year and fertilized with
a medium dose of fertilizers are most suitable.

Table 1: Dry matter yield and forage quality of gstands at different levels of intensity of
utilization and fertilization with organic fertilers (2005-2008).

T etmert CP CF EE A OMDME NEL
reatMeNt 1 hal [g/kg DM] [g/kg DM] [g/kg DM] [g/kg DM] [%]  [MJ/kg DM] [Md/kg DM]
M09 607 1070 2859 264 98.0 605 8.09 4.60
M-14 694 1240 2552 315 106.7 651 8.75 5.07
M-2.0  7.11 1515 2302 353 1127 675 9.08 5.30
S0.9 671 1130 2875 275 1003 608 8.13 4.63
S1.4 826 1302 2625  31.0 1073 649 8.70 5.03
S2.0 803 1594 2418 331 1217 676 8.98 5.23
NF-2 429 1050 2810 275 1011 612 8.34 478
NF-3 424 1184 2573  31.8 1155 657 8.95 5.21
NF-4 421 1384 2387  32.2 1134  67.0 9.22 5.39
Mean 621 1275 2600 307 1085 645 8.6 5.02
LSDyes  0.99 11.8 13.0 1.8 4.9 18 026 0.18

Fertilization: M...manure + dung water; S...slurry; Nmo.fertilization;
Model stocking rate: 0.9...0.9 LU.Aal.4...1.4 LU.h&; 2.0...2.0 LU.h#;
Cutting regime: 2-4...number of cuts per year

Conclusion

Appropriate grassland management through e.g. numbeuts and fertilization makes it
possible to increase the amount and quality ofddder. It is also necessary, however, to take into
account all other relevant factors that could iefice these parameters. These findings are
important for cattle nutrition and for assessmédmfficient grassland management.
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Nutritional Changes of Lucerne (Medicago Sativa) ad its Mixture with
Italian Ryegrass (Lolium Multiflorum) during Vegeta tion Period

RAXAKOVAL., MLYNAR R., RAJSKY M.
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Slovakia, e-mail: rajcakova@cvzv.sk

High buffering capacity and low content of watehubde carbohydrates in forage of legumes,
mainly Lucerne, make their ensilability difficuiGalik et al. (2008) reported also that feeds of
protein character are a problem for intensive pectido of lactic acid and proper course of
fermentation process because of deficit contemtaiér-soluble carbohydrates.

We meet legume mixtures with grasses grown in ountry as well as abroad in effort to
improve ensilability (Merry et al., 2006, Loges araube, 1999).

The objective of our study was to compare dynaneitswutritional changes in stand of
Lucerne and its mixture with ltalian ryegrass dgriegetation period.

Materials and methods

Pure stand of Lucerne and mixture of Lucerne withidn ryegrass were grown in sub-
montane cropping region, in the height above ses €04 m.

Observations of stands were performed during tret fiear of production. The mixture
contained 50 % of Lucerne during tut and 54 % during"2 cut. Average sampling was done
immediately before small buds stage of Lucerne ands beginning. Feeds were analysed for
content of crude protein, fibre and its complexgass, fat and ash. Digestibility of organic matter
and crude protein was assessed enzymatically, lapsnefin vivo method (Official Reports of MA
SK, 2004). Concentrations of energy and PDI weteutated out of the measured values (Sommer
et al., 1994).

Results and discussion

First cut of Lucerne stand was done in three tefiret: one immediately before small buds
stage, second one at the beginning of small buatge sind third one in the phase of small buds
stage. Table 1 shows that the most favourable nbofenutrients, energy as well as digestibility of
organic matter and crude protein were in the fisgt terms of harvest. In the phase of small buds
stage deterioration in the studied parameters ceduSecond cut was done in two terms; namely
before and at the beginning of the phase of smalsstage. In the second cut, we noticed increase
in content of crude protein and fat, decrease inceotration of fibre complex and ash.
In connection with this finding was digestibilithé energy value of stand higher in the second cut.
Lucerne reaches the highest concentration of siigahng first cut. Our experiment affirmed it.
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Table 1: Content of nutrition, energy and digefitipiof Lucerne

Parameter First cut Second cut
20.5.2009| 25.5.2009 8.6.2009 30.6.2009 6.7.2009
Dry matter 158.5 178.2 235.5 135.5 152.5
Organic matter 891.3 888.2 908.5 895.4 900.4
Crude protein 216.9 216.2 194.7 291.3 271.9
Crude fibre 268.6 264.5 293.7 192.7 225.8
ADF 308.4 279.0 356.1 235.7 294.1
NDF 356.1 352.7 422.5 269.8 361.5
Hemicelluloses 47.7 73.7 66.4 34.1 67.5
Nitrogen free extract 383.7 382.9 394.3 384.5 376.3
Total sugars 66.0 62.2 57.6 55.3 41.3
Reducing sugars 38.2 35.3 44.4 30.7 23.7
Fat 22.2 24.6 25.8 26.9 26.4
Ash 108.7 111.8 91.5 104.6 99.6
ME in MJ.kg* DM 9.43 9.46 8.73 9.93 9.50
NEL in MJ.kg* DM 5.53 5.55 5.03 5.85 5.55
PDI in g.kg' DM 81.79 81.50 74.56 93.25 88.36
OM digestibility in % 68.35 68.85 62.20 71.08 67.71
CP digestibility in % 89.66 88.93 85.83 89.25 89.47

Biro et al. (2004) as well as Yu et al. (2004) aonfin line with our results that the stage of
Lucerne maturity at harvest significantly influeacthe concentration of nutrients except crude
protein, thus it is very important to choose aahlé date of harvesting.

Table 2: Content of nutrition, energy and digeditipiof Lucernegrass mixture

Parameter First cut Second cut
21.5.2009| 25.5.2009 8.6.2009 30.6.2009 6.7.2009
Dry matter 203.9 227.5 231.9 138.9 196.2
Organic matter 915.4 910.1 911.2 892.8 912.7
Crude protein 200.6 186.6 134.2 242.3 196.8
Crude fibre 225.7 256.2 305.0 210.9 289.5
ADF 245.6 266.2 339.0 277.9 352.1
NDF 372.8 3915 468.4 347.6 450.9
Hemicelluloses 127.2 125.3 129.4 69.7 98.8
Nitrogen free extract 468.0 440.7 447.8 412.7 402.6
Total sugars 101.7 137.8 123.8 72.1 57.5
Reducing sugars 58.3 70.0 52.4 40.2 37.0
Fat 21.1 26.6 24.2 26.9 23.7
Ash 84.6 89.9 88.8 107.2 87.3
ME in MJ.kg" DM 9.82 9.71 8.41 9.85 8.75
NEL in MJ.kg* DM 5.78 5.71 4.81 5.86 5.02
PDI in g.kg' DM 81.22 79.54 64.93 87.85 74.50
OM digestibility in % 69.54 69.27 59.73 72.19 61.62
CP digestibility in % 89.11 88.50 84.40 88.64 85.26

Stand of legumegrass mixture (Lucerne with Italigagrass)was harvested in the same
terms as the Lucerne stand. Analyses of individaahples (tab. 2) showed slightly lower content
of crude protein in the stand of mixture comparethhe pure stand of Lucerne. Differences in
concentration of fibre complex among individual gées of stands were more marked in the
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mixture than in pure Lucerne. Increase in contéfibce in delayed term of harvest became evident
in decrease of organic matter digestibility andcamtration of feed energy. Content of total as well
as reducing sugars was markedly higher in the méxthan in pure Lucerne stand. Decrease in
concentration of sugars occurred in second cig.ift line with the work of Wyss (2006), who dealt
in detail with ensilability of grasses and legumes.

Conclusion

Results showed that early cutting is important witighage. Content of nutrients and
energy is higher in earlier terms of harvest oféme as well as Lucerne-grass mixture than in later
terms. Content of sugars, which are inevitabletligr fermentation process and creation of lactic
acid, was higher in the first cut than in the secone. Comparison of nutrients content in pure
Lucerne with the Lucerne-Italian ryegrass mixtuheveed that there occurred slight decrease in
concentration of crude protein, marked increaseoiment of total and reducing sugars under the
influence of grass in the mixture. With regard &teitmined content of nutrients in stands, it is
possible to suppose that the supplement of Italiagrass in Lucerne improved the ensilability of
feed.

Differences in concentration of fibre complex amangdjvidual terms of harvest were more
marked in the mixture than in pure Lucerne standrdase in fibre content became evident in
decrease of digestibility and energy value in feed.
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Introduction

One of possibilities to ensure good fermentativecess is silage additives application.
The addition of exogenous lactic acid bacterialtesn more intensive fermentation (Stokes, 1992;
Sheperd, et al., 1995; Gallo et al., 2002). Thennfi@imentative product of homolactic bacteria is
lactic acid and theirs” application lowers pH ilages and inhibits proteolysis (Fraser et al., 2001
dolezal, 2002; Gallo et al., 2003). Some biologiadditives contain also enzymatic compound,
mostly on fibrolytic enzymes base, which increabesproportion of fermentable carbohydrates in
ensiling matter due to partial degradation of fifidikolajczak et al., 1998). The aim of this study
was to attest the influence of bacterial-enzymatagdon fermentation process in mixture silages
of faba bean, alfalfa and oat with high dry mattentent.

Materials and Methods

In farm experiment we ensiled mixture, which wawed in two steps. In the first step was
sowed common oat\yena sativavariety Flamingsstern, 15 kg:haalong with faba bearFéba
vulgarig) variety Inovec, 250 kg.ffa and in the second step alfalfilgdicago sativp variety
Palava, 20 kg.h’a In ensiling matter was the ratio: oat 20%, falearb 70% and alfalfa 10%.
The mixture was harvested when bean was formings.hlihe experiment was realised in co-
operation with VPP SPU, farm Ké&kny. The mixture fresh matter with average contdndry
matter 156.53 g.kbwas wilted to dry matter content of 528.43 (befemsiling control variant) and
to 638.8 g.kg (before ensiling trial variant). The differencedry matter content was caused by
necessary time needed to filling the silage baggiteVensiling matter was cut on the large of
particles 20 mm and stuffed by press into silaggsbaith length 60 m, diameter 2.44 m and
thickness 0.224 mm. We ensiled two variants: contdant (C) without additives and trial variant
(A) with addition of bacterial-enzyme additive, whicontains lactic acid bacteribactobacillus
plantarum Pedicoccus acidilacti Lactococcus lactis lactis(the bacteria concentration
2x10° cfu.g’) and enzymatic component: cellulase and hemiealylapplicated in liquid state in
dose 2 | per tone (after dissolving 2.5 g of powide2 | of water). After 3 months of fermentation
we took the average samples of silages in whictewetermined the content of dry matter and
indices of fermentation process. Contents of fetat@n acids (lactic, acetic, butyric, propionic)
we detected on analyzer EA 100 (Villa Labeco) bgcebforetic method. Content of ammonia
(NH3) and alcohols we determined by microdiffusion roeth acidity of aqua extract by
alkalimetric titration to pH 8.5 and active acidiby electrometric method. The results were
statistically processed using one-factorial vararanalysis (ANOVA) of SAS. Means were
separated using LSD multiple range test.

Results and Discussion

In mixture silages of faba bean, alfalfa and oatdetected after termination of fermentation
process content of dry matter 501.0 ¢-K§) and 623.6 g.kb(A). Formic acid content was very
similar in both variants of mixture silages. Contef desirable lactic acid we found from 48.49
g.kg" of dry matter (A) to 72.58 g.Kgof dry matter (C). In variant a was content oftimacid
statistically non-significantly lower. However, ethresearchers (Rizk et al., 2005; Biro et al.,8200
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Filya et al., 2007) reported increase of lactiddambntent after inoculation with LAB. Silages of
both variants fulfilled condition of lactic acid mnt to classification as'fjuality class (content of
lactic acid minimum 10 g in kg of original mattefhe highest content of acetic acid (6.74 §.kf

dry matter) we detected in silages without add#i¢@). From point of negative influence to animal
health and quality and nutritive value of silagesundesirable content of butyric acid. In tested
silages of both variants we did not detect cont#rbutyric acid, because the silages had higher
content of dry matter. We detected the propionid aaly in silages of a variant. Content of total
alcohols ranged from 3.69 gkpf dry matter (A) to 3.93 g.Kgof dry matter (C). Content of
ammonia, which represents destruction of nitrogesrmmpounds, was the lowest in silages with
bacterial-enzyme additive (C). Differences in amiaaontent between variants of mixture silages
were significant (P<0.05). a similar tendency weaslied also in the content of BN of total N,
with the lowest value in silages a (P>0.05)ii&zet al. (2003) showed that biological additive
inhibited ammonia production in alfalfa silage witlny matter content 53 %. Dolezal (2002)
confirmed positive influence of biological additivan content of N-compounds, too. Nutrient
digestibility and nitrogen retention inoculateda#fth haylage in sheep was described by Orosz et al.
(2006). Titratable acidity of silage extracts rathdeom 1165 mg KOH/100 g of silage (A) to
1751 mg KOH/100 g of silage (C). The highest TA @®%) was in control silages, in which we
detected the lowest pH (4.39). Silages with baakemzymes additive had significantly (P<0.05)
the highest value of pH. The highest content ofmfartation products (P<0.05) we observed in
control silages (C) with lower dry matter content.

Table 1 Result of fermentation process of faba palfaifa and oat mixture silages

n=3 FA LA AA PA BA | NH; P OH TA pHd FP
X |1.86 72.58 | 6.74 ND ND| 1.71 (8.2 3.93 1751 [4.3¢ |79.76
C |s |0.053 6.336| 0.734| / / 0.028 1.04 0.441 117.5798.08.285
v |2.847 8.730| 10.887 / / 1.640 12.680 11.221 6.72.192| 10.387
X |1.84 48.49 | 6.17 3.99 ND 1%2(6.71 3.69 1165 |4.7F7 |57.7F
A |s [0.274 4.844| 0.419| 0.867 / 0.10p 0450 0.469 74/86072 | 4.083
v |14.900 | 9.991| 6.783| 21.754 |/ 7.43p 6.711 12.6P038 6.| 1.512 | 7.067

FA: formic acid, LA: lactic acid, AA: acetic acidPA: propionic acid, BA: butyric acid, N1
ammonia, OH alcohols, FP: fermentation products; content in g.Kg of dry matter, P: NN

of total N (%), TA: titratable acidity (mg KOH.1@f of silage), pH: active acidity: the values
with identical superscript in column are significgndifferent at P<0.05, ND: non-determination

Conclusion

Application of bacterial-enzymatic additive consigt of Lactobacillus plantarum
Pedicoccus acidilactiLactococcus lactis lactiscellulase and hemicellulase positively influenced
the fermentation process of mixture silages withhhdry matter content by statistically significant
lower content of ammonia and non-significantly lowelue of NH-N of total N.
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Safety Issues in Managing Large-scale Bunker Sil@nd Drive-over Piles

BOLSEN K. K, BOLSENR. E.
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Introduction

Few farming operations invite as many differentantynities for injury or fatality as a silage
program. From harvesting the forage in the figlahsporting it to the farm, placing it into stoeag
and then feeding out the silage, employees aresexbto numerous serious risks (Murphy 1994).
Silage-related tragedy knows no age boundary akesmrand bystanders of all ages have been
injured or killed during silage harvest and feed@Miurphy and Harshman, 2006). Countless
stories of PTO and harvesting machine entanglembighway mishaps between farm equipment
and automobiles, entanglement in self-unloadingomagand blowers, and encounters with silo gas
exist (Murphy, 1994). Increasingly, stories inwlbunker silos and drive-over piles (Murphy and
Harshman, 2006 and Bolsen and Bolsen, 2009). &emsiy protecting employees, equipment, and
property throughout harvesting, filling, and feaglidoes not occur without thought, preparation,
and training. Presented in this paper are fiveombpzards involved with managing silage in
bunker silos and drive-over piles, and the primaays these hazards can be eliminated, reduced,
or controlled.

Methods
The five hazards discussed include:1) tractor aedly, 2) entangled in or run-over by
machinery, 3) fall from height, 4) avalanche ofapsing silage, and 5) complacency.

Discussion

1. Tractor or truck roll-over.Roll-over protective structures (ROPS) create raezof
protection around the tractor operator. When wgta seat belt, ROPS prevent the operator from
being thrown from the protective zone and crushethb tractor or equipment drawn by the tractor.
a straight drop from a concrete retaining wall 8gmificant risk, so never fill higher than theptof
a wall. Sight rails should be installed on aboweugd walls. Lights should be added to the rail if
filling occurs at night. Always form a progressiwedge of forage when filling bunkers or piles.
The wedge provides a slope for packing, and a sébydlower than 3 to 1 minimizes the risk of
a tractor roll-over. Backing up the slope can preévell backs on steep slopes. Use low-clearance,
wide front end tractors equipped with well lugg@éd to prevent slipping and add weights to the
front and back of the tractors to improve stahilitif using front-end loaders to move forage into
the bunker or pile, do not carry the bucket anynbigghan necessary to keep the center of gravity
low. When two or more pack tractors are usedbéistaa driving procedure to prevent collisions.
Dump trucks can roll over on steep forage slopasjqularly if the forage is not loaded and packed
uniformly. Raise the dump body only while the triglon a firm surface.

2. Entangled in or run-over by machinemgeep machine guards and shields in place to
protect the operator from an assortment of rotatimaft, chain and v-belt drives, gears and pulleys,
and rotating knives on forage harvesters, wagams sdage feeding equipment. Keep non-workers
away from traffic areas, and never allow peopldamt (especially children) in or near a bunker or
pile during filling or feedout. Adjust rear view mirs on tractors and trucks and install back-up
warning alarms.
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3. Fall from heightlt is easy to slip on plastic when covering orawering a bunker or pile,
especially in wet weather. Standard guardrails lshbe installed on all above ground level walls.
Use caution when removing plastic, tires, or peaelrbags near the edge of the feedout face, and
never stand on top of a silage overhang, as amerseeight can cause it to collapse. Where
necessary, use equipment operating from the grtmmeémove spoiled silage from the surface of
bunker silos and drive-over piles. Never allow espa to ride in the bucket of a front end loader!

4. Crushed by an avalanche/collapsing silag@najor factor contributing to injury or fatality
from silage avalanche/collapsing silage is ovéedil bunker silos and drive-over piles.
a nutritionist had the following near miss, “| wteking a core sample at one of our large dairy
customers and had just moved away from the facenvehlarge section just fell off. This was
a very well packed silo and had immaculate faceagament” (Bolsen and Bolsen, 2009).

In April 2007, an employee walked up to the feedage in a bunker silo to take a sample.
Approximately three tons of silage collapsed frdra bottom, not the top, and engulfed the man
causing his death (cited by Murphy and Harshma@7R0

Avalanche/collapsing silage does not have to hapBeankers and piles should not be filled
higher than the unloading equipment can reachysadal typically, an unloader can reach a height
of 3.5 to 4.5 meters. Use proper unloading tealmityat includes shaving silage down the feedout
face and never “dig” the bucket into the bottomiaf silage. Undercutting, a situation that is guit
common when the unloader bucket cannot reach theftan over-filled bunker or pile, creates an
overhang of silage that can loosen and tumble édflttor. Never allow people to stand near the
feedout face, and a rule-of-thumb is never stawmderl to the feeding face than three times its
height. When sampling silage, take samples frdnorg-end loader bucket after it is moved to
a safe distance from the feedout face. Fencedhimeter of bunker silos and drive-over piles, and
post a sign, “Danger: Do Not Enter. Authorizedd®anel Only”.

5. Complacencya dairy nutritionist almost lost his life the dag took silage samples from
a bunker silo with a 9-m high feedout face (Schoaken, 2000). “Even though | was standing
20 ft from the feedout face, 12 tonnes of silagkapsed on me. | did not see or hear anything.
I had been in silage pits hundreds of times, and just become kind of complacent because
nothing ever happens. It just took that one time”.

Here is another example cited by Bolsen and Bo(8609). “The accident happened on
June 14, 1974 while making silage at Kansas Stateelkity's Research Farm. The blower pipe
plugged for about the eighth time that afternoam hstarted to dig the forage out from the throat
of the blower. The PTO shaft made one more reiarluZap! The blower blade cut off the ends
off three fingers on my right hand”.

Conclusions

Even the best employee can become frustrated wéltunctioning equipment and poor
weather conditions and take a hazardous shortcuhigjudge a situation and take a risky action
(Murphy, 1994). It is best to take steps to eliaénor control hazards in advance than to rely upon
yourself or others to make the correct decisiorexacute the perfect response when a hazard is
encountered. Only experienced people should bmitied to operate equipment associated with
harvesting, filling, packing, sealing and feedinggi silage program. The correct sizing of bunkers
and piles can reduce the risk of an accident. 8gteset software is available to assist producers
and their silage team to better design and managkeb silos and drive-over piles (Holmes and
Bolsen, 2009). Think safety first. The silagetstly has nothing to lose by practicing safety:
it has everything to lose by not practicing it (dby and Harshman, 2006).
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Introduction

Traditionally corn silage ferments well. Howevar, dontrast to green forages, it is usually
prone to aerobic deterioration due to a long pewbdyrowth and accordingly a high natural
contamination with moulds and yeasts. Therefoig @rucial to improve the content of stabilizing
acids (e.g. acetic acid, propionic acid) in a whgttsecures effective suppression of aerobic
spoilage organisms upon opening the silo.

This goal can be reached by directly adding stabdi acids, which are usually expensive
and/or corrosive, or by obtaining them during tharfentation process, using heterofermentative
lactic acid bacteria. In the past numerous studittsLactobacillus buchneri have shown successful
improvement of aerobic stability. Lactobacillus \ase while no less effective, has not yet come to
its full recognition.

The trials used in this study apply Biomin® BioStdllays consisting largely of L. brevis to
whole crop maize and crushed maize grains to ingarobic stability.

Results and Discussion

Heterolactic fermentation yields a surplus of diabig acetic acid by using Biomin®
BioStabil Mays thus ensuring aerobic stability. @uts do not surpass the max. recommended
level of 35 g/kg DM.
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Figure 2 — Acetic acid contents after 90 days of ensiling with or without
Biomin® BioStabil Mays
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As a result of elevated acetin acid contents aermsthbility was improved (Fig. 2):

In all three trials a marked improvement of aerdability was obtained by use of Biomin ®
BioStabil Mays. Silages treated with the inoculamre stable for at least 2,6 days longer than
untreated silages.

Effect of BioStabil Mays on aerobic stability of

corn silages
18,00 17,82

16,00
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stability duration [d]
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Whole crop maize A Whole crop maize B Crushed maize grains

M Inoculant M Control

Figure 2 — Duration of aerobic stability after 90 days of ensiling with
or without BioStabil Mays

Materials and Methods
Three lab scale trials (Whole crop maize A, Whalepcmaize B, Crushed maize grains)

were carried out ensiling maize with or without Bio® BioStabil Mays (2 x 105 cfu/g fresh
material).

Each trial group consisted of 12 model silos (sithvd,5 kg, six with 2 kg), of which three
small ones were opened after 3 and 7 days, respbctind three large ones after 45 (+/-3) and
90 (-/+ 3) days, respectively.

Parameters analysed included pH, dry matter (DM§,l@rganic acids (via HPLC) and
aerobic stability (measurement of temperatureatsmrding to Honig, 1990).

Conclusion

Biomin® BioStabil Mays was shown to effectively inope aerobic stability in whole crop
maize and crushed maize grains!
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Introduction

Silage of whole crop cereals and maize were a gapglementation to legume-rich silage in
the ration of lactating dairy cows. Maize silages laagood value of metabolizable energy, which is
why it is cultivated even in the Nordic country wheconditions are suboptimal for growth. The
guality of silage depends on fermentation of theéemial, but the ensiling procsess can be optimised
with the use of additives.

Several different biological additives can be uiedmaking silage. The described research
was aimed at finding silage additives suitable tfeating whole crop wheat (WCW) and maize
cultivated under Estonian climatic conditions. Theffects on silage fermentation characteristics,
losses of dry matter, nutritive value and digebtibivere also investigated.

Material and Methods

The whole crop wheat and maize were ensiled itr@-gjlass jars. The number of replicates
was three. The first trial comprised six treatmdntgreated control, four inoculants and chemical
additive); and the second trial four treatmentgr@ated control and three inoculants). The additive
were commercial products (inoculants 1 to 4; Table

Table 1: Inoculants used in the trials

Number/Code  Inoculant Source

Bonsilage(BO) L. plantarum P. pentosaceys. Schaumann Agri Austria GmbH &
rhamnosusL. brevis, L. buchneri Co KCo KG

Lalsil L. plantarumMA18/5M, P. acidilactici Lallemand Animal Nutrition,

MSO1(LA) MA 18/5M, P. acidipropioniciMA Blag nac, France

SilAll (SI) L. plantarum, E. faecium, P. acidilactici, Alltech Biotechnoligy Centre, Co.
L. salivarius Meath, Ireland

Ecocorn (EC) L. plantarumMTD1 + potassium sorbate  Ecosyl, Yorkshire, UK

After 90 days the jars were opened for analysis.

The pH value was measured with a Hanna Instrumbfiksoprocessor pH meter 210,
ammonia nitrogen was determined using an adjusjeliel 2300 (FOSS) analyser. The ethanol,
lactic acid and volatile fatty acids contents wdetermined chromatographically using a Agilent
Technologies 7890A GC system with a column packitll 80/120 Carbopack B-DA/4% carbowax
20 M (Faithfull, 2002).

Samples were dried and analysed for the DM, crudtein, and crude fibre (AOAC, 2005).
Crude protein was analysed by Kjeldahl method wKjkltec 2300 analyser (FOSS Tecator
Technology).In vitro digestibility of OM (IVOMD) were determined afténcubating for 48 h
using a DAISY Il Incubators and NDF ANKOM Analyzeand to ashes in afurnace (ANKOM
Technology, Fairport, NY USA). The NDF and ADF centrations of the samples and digested
residues were determined with amylase pretreatrositg an ANKOM 220 Fiber Analyzer
(ANKOM Technology) (Van Soestt al, 1991).
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The content of DM of maize was 316 g/kg, CP 76 gM®F 443 g/kg and of WCW
359 g/kg, 90 g/kg, 619 g/kg respectively. The kfig capasity of maize was 30,3 g/kg LA in DM
and wheat was 28,8 g/kg LA respectively. Statitticelysis was performed for each cut separately
with the generalized linear model procedure of SR effects of treatment were tested by means
of orthogonal contrasts. Analysing the traits conitgy zero values, ranks of values were used;
other traits were transformed to their logarithwatues.

Results and Discussion

Chemical compositions of the whole crop wheat andizen silage were significantly
different.

Chemical composition and nutritive value of silagae given in Table 2. Maize silage
contained more metabolizable energy than WCW sil@yganic matter digestibility of additives
silages did not show any difference for the différgilages in first and second trials (P<0.05).

Table 2: Chemical composition (in DM) and digesiiyi(OMD) and losses of whole crop wheat
(WCW) and maize silages.

Treatment Dry matter, Crude NDF ADF ME OMD

a/kg protein o/ kg a/kg MJ/kg %

o/ kg

WCW WCW WCW WCW WCW WCW

MAIZE MAIZE MAIZE MAIZE MAIZE MAIZE
Control 313 303 95 79 622 442 346 242 9.1 10.8 67.59.3
BO 320 294 92 76 636 449 342 259 9.0 10.7 67.1 70.4
LA 318 - 92 - 629 - 357 - 9.0 - 66.5 -
Sl 320 298 90 77 630 441 350 247 9.0 10.7 65.2 69.9
EC 326 300 86 78 618 447 339 257 9.0 10.8 65.6 69.7
CHEM 334 - 95 — 585 — 348 - 9.1 - 675 —

The positive effect of inoculants on silage fernagioh but not on digestibility has been
reported by Weinberg & Muck (1996).

Fermentation characteristics, pH, ammonia nitrogerotal nitrogen, organic acids and
ethanol contents, and dry matter losses are givé@alles 3 and 4.

Table 3: Fermentation characteristics of the wheiep wheat silages in dry matter

Treatment Dry matter pH Ammonia-N, Lactic Acetic Butyric Ethanol,
losses, % % of total N acid, g/kg acid, g/kg acid, g/kg g/kg
Control 15.4 4.7 7.4 3.7 7.5 20.3 46.8
BO 11.9 3.8 6.0 98.2 29.5 1.3 24.0
LA 12.1 3.9 5.5 24.1 42.5 4.2 23.4
Sl 11.7 4.0 6.5 26.7 11.6 8.6 46.5
EC 10.0 3.9 5.3 51.9 16.1 6.0 39.8
CHEM 7.5 4.5 8.8 37.9 24.4 0.9 26.6
Significant differenceP
Cvs BO <0.001 <0.001 0.021 0.013 <0.001 <0.001 19.0
Cvs LA 0.017 <0.001 0.005 0.011 0.003 <0.001 0.019
Cvs SI <0.001 <0.001 0.059 <0.001 0.019 <0.001 9.4
Cvs EC <0.001 <0.001 0.003 0.027 0.005 <0.001 .25
Cvs CHEM <0.001 0.033  0.002 0.023 0.002 <0.001 59.1
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Table 4: Fermentation characteristics of the maitages in dry matter

Treatment Dry matter pH Ammonia-N, Lactic Acetic Butyric Ethanol
losses, % of total N acid acid acid a/kg
% g/kg o/kg g/kg
Control 4.6 3.8 3.7 90.5 19.4 0.8 12.0
BO 7.4 3.8 3.7 97.2 317 0.0 3.3
Sl 6.2 3.8 3.7 85.5 19.9 0.0 9.3
EC 5.3 3.8 3.7 99.1 20.2 0.2 12.1
Significant differenceP
Cvs BO 0.038 - - 0.288 <0.001 0.029 <0.001
Cvs SI 0.026 - - 0.314 0.241  0.029 <0.001
CvsEC 0.124 — — 0.223 0.149 0.069 0.445

DM losses during fermentation were the lowest i@ WCW silages treated with CHEM
additive (7.5%), in silages treated with biologiealditives these values were 10-12.1% and in
untreated silage (15.4%) (Table 3).

In the first trial, the characteristics of silageeated with CHEM differed from those of
silages inoculated with biological additives asIves from the uninoculated control silage by the
lower content of organic acids (<0,01), but highermonia nitrogen (<0,01) concentration. AlV
Pro contained ammoniumformiate (30.3%). This exygldhe high ammonia nitrogen concentration
in the CHEM silages. This was predictable, as chamadditives have an inhibiting effect on
fermentation. Compared to the control WCW sildbe,lactic and acetic acid contents were higher
in silages treated with additives, while the butyacid content was lower (P<0.001). Ammonia
nitrogen, pH, lactic and acetic contents of mailages, were not different from those of the contro
silages (Table 4).

Conclusions

The use of inoculants or chemical additive at emgilvhole crop wheat material improved
fermentation and silage quality: pH, the contenbofyric acids, ethanol and ammonia nitrogen
showed a decrease, whereas the lactic and acedgwaere increased. All commercial biological
additives — Bonsilage, Sil-All, Lalsil MS01 and Eoon — improved the fermentation of whole crop
wheat silage under the given conditions.

The maize fermentation was good whithout additivE$tonian conditions.
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Introduction

Brewer’s grains as a remainder after leaching ofleed malt at beer brewing represent an
important protein feed. Dried brewer’s grains aatugble raw material in the production of fodder
mixtures and fresh grains with DM content of 20@-2kg are used either for the direct feeding of
cattle and pigs, or for ensiling (Lohnert et aR9é; Nishino et al., 2003 and others). Chemical
composition and digestibility of brewer’'s grains revestudied by many authors (Amari and
Purnomoadi, 1996; Lohnert et al., 1996; Daccoral.etL997 a.o.).

Net energy content ranges from 6.1 — 6.7 MJ NELUMNg (Lohnert et al., 1996; Spann,
1993). Costa et al. (1994) claim that 1 kg of bnésvgrains DM contains 161.9 g/kg fibre,
386.3 g/kg BNLV, 486.0 g/kg NDF and 188.3 g/kg AlBtewer's grains have excellent dietary
characteristics relating namely to the higher conté group B vitamins (Spann, 1993). a specific
property of high-quality brewer’s grains is thegneficial influence on the rumen environment in
dairy cows, namely on microbial activity in the remand on the production of microbial protein.

Brewer's grains are fodder that readily deterimwaitself, especially in summer months.
Gruber et al. (1997) and Dolezal et al. (2006) repioat fresh, non-conserved grains keep in
feedable condition as a rule 48 hours at the ldngasing storage, serious sensory, nutritional and
particularly microbial changes occur in the graifise low content of dry matter in the fresh grains
causes extensive release and discharge of effluentsrder to prevent the discharge of silage
effluents, Buchgraber and Resch (1997) recommeatdftbsh brewer’'s grains can be pressed to
a higher DM content of 350-400 g/kg or ensilageccimbination with the addition of various
absorbents (Pereira et al., 1998; Tanaka et #1)20

The objective of this model experiment was to dsthtihe effect of the supplementation of
various silage additives onto the quality of therfentation process in brewer’'s grains with the
addition of moisture sorbent.

Material and Methods

Material used in the model experiment was freshwbrs grains at a DM content of
222 g/kg. Malt sprouts were used as moisture sorbeme final dry matter content of ensiled
material ranged from 320-330 g/kg. Established wHmee experimental variants in three
repetitions: Variant a — control silage without thgplementation of silage additive, Variant B —
treated with the ensilage additive based on orgagids (formic acid at 435 g/kg, propionic acid at
100 g/kg, ammonium formate 309, benzoic acid ag&® and water) at a dose of 3.5 litre/ton.
Active substance in Variant C was bacteria of tafgrmentation I(actobacillus paracasgiDSM
16245), Lactobacillus lactis(NCIMM 30160) andPediococcus acididlactic(DSM 16243) at
a dose of 2 g/ton.

Model silages were stored in the laboratory at ayelaboratory temperature of 26-Z8for
112 days. Parameters assessed to establish thigy gfithe fermentation process after the 112 days
were as follows: DM content of silage, pH, watetrast acidity (KVV), amounts of lactic acid,
acetic acid, propionic acid, butyric acid, conteotsalcohol and ammonia. Analytical procedures
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were described in our earlier work (Dolezal, 200&)sults were statistically processed by using the
analysis of variance and differences between iddali groups were analyzed by Scheffe-test in
program STATISTICA 8. Data in the text are presdrate average + standard deviation.

Results and Discussion

Dry matter of silages made from brewer’s grains ganh after 112 days of storage ranged
from 300.32 + 8.46 g/kg in Variant C to 324.13 4 §/kg in Variant B. Thanks to the use of
moisture sorbent — malt sprouts, none of the msithedes showed discharge of effluents.

The assessment of fermentation process qualitploorated the efficacy of silage additive
on the pH value of silages. The lowest pH valugX(3 0.01 pH) was found in the silage Variant
B and the highest pH value (4.39 £ 1.64 pH) wagdatet in the control silage. The KVV value in
variants treated with the silage additive correlatdéth the pH value. The highest value KVV
(2124.2184 mg KOH/100 g) was found in Variant Gtatistically highly significant difference
(P<0.01) was found between Variant B with the lawegV (1801.33 + 45.34 mg KOH/100 g) and
all the other variants. a statistically highly sfgrant difference (P<0.01) was found between lzd t
variants in the amount of lactic acid, the amouhtaoetic acid and in the total amount of
fermentation acids.

The propionic acid was detected at an amount of £.8.74 g/kg DM only in Variant C.
Nishino et al. (2003) observed that metabolizatblactic acid into acetic acid and propionic acid
occurs with the storage time.

Statistically high significant differences (P<0.0¢re found between lowest ratio in Variant
C (1.51 £ 0.03) and the other studied variantheassessment of the fermentation process quality
with respect to the ratio of the amount of lactidato volatile fatty acids. The highest ratio was
found in Variant B (4.23 £ 0.18).

Although the amount of ethanol in the respectiVagsis was relatively equable, differences
were between all variants statistically signific@&0.05). The amount of ammonia was low in all
variants and a difference between studied variaagh't statistically significant.

Table 1: Quality of the fermentation process inviie€s grains silages (g/kg DM)

Variant A B C

Parameter Av. tstand.dev. | Note Av. +stand.dev. Note Auand.dev. Note
Dry matter [g/kg] 315.81+3.4 A 324.13+5.1 A 38D + 8.46 B
pH 439+1.64 a 3.71+£0.01 a 4.2 +£0.01 a
KVV [mg KOH/100g] | 2071.5+51.27 | A 1801.33+45.34| B 2124 +21.84 A
Lactic acid 110.5+3.32 A 68.12 + 2.35 B 75.15.472 C
Acetic acid 26.55 + 0.45 A 16.1 +0.43 B 42.43 331 C
Propionic acid 00 A 00 A 7.37£0.74 B
Butyric acid 00 00 00

Sum of acids 137.04 + 3.66 A 84.22 +2.39 B 1249518 C
KM:KTM 4,16 £0.09 A 423 +£0.18 A 1.51 £0.03 B
Ethanol 11.66 £0.5 Aa| 10.65+0.54 ABb 9.72+0.47 Bc
Amonia 2.64+1.17 a 3.14+0.24 a 3.5+0.21 a

KVV... water extrakt acidity, KM... lactic acid, TKMvalatile fatty acids; Statistically significant
differences are among averages with by various xndéariants in capitals differ (P<0.01);
variants in lower case differ (P<0.05).

Conclusion
The objective of the model experiment was to evaltlae effect of the supplementation of
various silage additives onto fermentation proapsslity in brewer's grains with the addition of
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malt sprouts as moisture sorbent. The results atelithat the dose of silage additive in Variant
B was high because the fermentation process wasesged, which corresponds with low pH level
however with significant (P<0.01) lowest conterg thtal amount of fermentation acids. But also
nevertheless this silage we can evaluate veryipelsifust for low value pH and lower value KVV
and very good ratio of the amount of lactic aciddtatile fatty acids. Whereas at Variant C was pH
relatively high, also amount acetic acids was kgt it was only variant with detected propionic
acid.
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Fermentation Quality of Slightly Wilted Lucerne

MLYNAR R., RAJCAKOVA L., BENCOVAE.
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mlynar@cvzv.sk

Introduction

Lucerne has high buffering capacity, which mangesself in delayed onset of acidity in
silage and enables development of undesirable flocacat the beginning of fermentation process,
mainly with insufficient content of dry matter. ik known that dry matter in ensilaged feed at
harvest influences markedly the quality of Lucesilages (Biro and Juracek, 1999, Rajcakova and
Mlynar, 2008). Wilting, which exceeds the critiea@lue of dry matter is connected with high losses
of nutrients and aerobic degradation during unfaable weather (Owens et al., 2002). Cavallarin
et al. (2000) studied the influence of wilting phas fermentation parameters of Lucerne silages in
dependence on stage of ripeness. More wilted Lecéerfiuenced positively the silage quality,
namely by decreased fermentation, lower lossesyofratter and reduction of proteolysis. These
factors influence also the variability of epiphytiicroflora, which determines the first phase and
result of fermentation. Application of ensilagingeparations is connected with increase in lactic
acid content, quick decrease of pH and contentubfriz acid, and in protein silages mainly with
decrease of NKHcontent or percent of NN out of total N as parameter of proteolysis level

The objective of this work was to assess the imiteeof different ensilaging preparations on
quality of fermentation process in Lucerne silagivow degree of wilting.

Materials and Methods

In laboratory conditions was conserved the stantuaferne Medicago sativaat stage of
budding. The matter was chopped after 6 hours tfngj it was homogenized and filled into
laboratory silos. We created four variants of silagrhe first variant was the control silage, which
was untreated with ensilaging preparation. The rotheee variants were treated with biological,
microbiological-enzymatic and chemical additives:

T1l — containing as active substance life culturetd@@ of lactic homofermentation
(Lactobacillus plantarunDSM 3676 a 3677Propionic bacteriumDSM 9576 a 9577) in a total
concentration of CFU 5x£@ applied at a dose 2.0 litres per tonne ensilagedrne

T2 — contained culture of lactic acid bacteriufediococcus acidilacticiMA 18/5M,
Lactobacillus plantarumMA 18/5U) and cellulase and hemicelullase enzynues the applied
amount was 2.0 litres per tonne of ensilaged Lnger

T3 — contained 24.4 % natrium nitride and 16.3 %ahgethylentetramine, the applied
amount was 2.0 litres per tonne of ensilaged Lugern

Each treatment consisted of six replicates. Theahsithges (silos 1.7 I) were stored in the
laboratory at an average temperature 20 -°@2Silage losses of dry matter were determined
regularly at 21-day intervals. The experiment fieid after 90 days of silage fermentation.
Parameters measured to assess the fermentatioesprqoality were: silage DM content, losses
DM in %, crude protein, ADF, NDF, WSC, fat, pH dletnetrically, lactic acid and volatile fatty
acids were determined by gas chromatography, alcaid NH by the micro-diffusion method
according to Conway. Analytical procedures werecdbsed in actual norm (MA SK, 2004).
Energy and PDI concentrations in the silages weadeutated as mentioned by Petrikovic and
Sommer (2002). Results were statistically processgdg the method of variance analysis and
differences between the experimental groups cordday&tudent t-test.
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Results and Discussion

Parameters of fermentation process are in tableeated silages showed statistically highly
significantly lower pH than the non-treated sila@e76 vs. 4.33 to 4.45). Silage treated with
microbiological-enzymatic preparation showed thedst pH. Level of pH in our experiment was
lower in treated silages than the one mentione@dallarin et al. (2000), who found pH from 4.6
to 4.8. Different pH manifested itself also in thentent of acids. Content of lactic acid was
markedly lower in non-treated silage compared Wiltontent in treated silages (49.90 vs. 63.89 to
81.87 g.kg dry matter). Differences among groups were stedilly highly significant. Content of
butyric acid decreased statistically highly sigrafitly with application of ensilaging preparations,
too. We noticed the lowest content of butyric dnidilage treated with life culture bacteria oftlac
fermentation (0.37 g.kgdry matter).

Table 1: Lucerne — fresh matter

DM |OM CP _ADF NDF _ WSC Fat | ME NEL PDI
ing |in g.kg' DM MJ.kg'DM 9[')‘(,\%
828'1 902.97 518'7 262'7 416.48 73.27 é&? 9.46 554 | 8153

Positive influence of ensilaging preparations bezagvident also in lower proteolysis.
The lowest content of ammonia nitrogen expressedHa-N out of total N was in silage treated
with chemical preserver (7.62 %), and the highesitent was in non-treated silage (9.16 %).
The difference was statistically highly significa@wens et al. (2002) came to similar results based
on his experiments (2002).

Application of ensilaging preparations showed ftagdo in decrease of dry matter losses in
ensilaged matter during the fermentation processimmigher content of nutrients compared with
non-treated silage (Table 3). Markedly better dff@as obtained with the chemical preserver
compared with the biological and microbiologicalkgmatic preparation. However, these
differences were not statistically significant.

Table 2: Fermentation parameters in Lucerne silagg.kg' DM

Statistical
Parameter Untreated T1 T2 T3 significance
n==6 of differences
X s X s X s X s P <0.01
:T1,T2,T3
l) 1 H
pH 476 0.060 440 0.02 433 001 445 O OPTZ T1T3
Acids
, 4 U :TLT2,T3
- lactic 4990 1.879 72.07 562 8187 3.88 63.8913.6 T3:T1.72
- acetic 13.79 0.58 15.19 150 15.84 147 20.08950.T3:U,T1,T2
- propionic 0.71 0.20 0.11 0.1 044 0.15 0.28 0.14U:T21,T3
- butyric + isobutyric| 1.36 0.68 0.37 0.12 0.78 M,30.68 0.15 U:T1,T2,T3
L Uu:T2 T3:
[
Alcohol 531 048 432 03% 404 0.18 2.09 0{15 UTLT2
(';'OHS'N oftotalNin | ¢ 16 27| 887 029 813 076 7.62 053 T3:UTI

Positive effect of ensilaging additives was showdécrease of ammonia nitrogen and higher
content of crude protein in treated silages (21100215.32 g.kg dry matter) compared with non-
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treated one (207.57 g.kaglry matter). Higher content of nutrients in trebsilages vs. non-treated
silage manifested itself also in higher contenMii and NEL. Differences among nutrients were
statistically highly significant in individual sidges, except for fat.

Table 3: Nutrient composition in Lucerne silagegikg' DM

Statistical
Parameter Untreated T1 T2 T3 Slgnlg;:ance
n=e differences
X S X S X S X s P <0.01

DMin g.kg' FM | 320.14 2.50 324.67 1.283 32429 1.88 32497 2.77
LossesDMin%| 231 0.7y 166 035 188 0/54 1.40.85(
Organic matter 898.69 0.84 899.10 0.87 899.94 0.899.97 0.52
Crude protein 207.57 251 21263 2.49 211.04 3.5¥5.32 3.61 U:T3

ADF 381.04 7.72| 364.99 7.05 37354 954 35084 6.1 :TLT3
NDF 42458 7.61 414.91 11.08 423.32 7.28 406.047818. U:T1T3
WSC 1808 253 12.84 138 1391 289 496 0 :3T_1T'12T'£3
Fat 2386 1.21 2421 115 2541 0M5 2582 1.58

U-TLT2
ME /MJ/ 874 001 888 001 88 001 901 oo [T

U:TLT2
NEL /MJ/ 504 001 513 001 512 001 522 o0pL) 1%
PDI 7334 058 7558 030 7636 057 78.76 0140 TUT2.T3
Conclusions

Results of the observations demonstrate thatpbssible to use life culture bacteria of lactic

fermentation, microbiological-enzymatic and cherhieasilaging preparation in conservation of
wilted Lucerne with lower content of dry matter. ghigation of biological and microbiological-
enzymatic preparation was less effective becauséowér content of dry matter and higher
buffering capacity in feed than the additive of mieal preserver composed of 24.4 % natrium
nitride and 16.3 % hexamethylentetramine. The efiéchemical preserver became evident mainly
in the lowest content of ammonia nitrogen expresa®dH-N out of total N, and the highest
content of crude protein, which points out the lewel of proteolysis and the lowest losses of dry
matter in ensilaged matter related to it.
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THE EFFECT OF A BIOLOGICAL ADDITIVE ON ALFALFA
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VYSKQ@IL I. ', TUKIENDORF M? ZEMAN L}
Y Department of Animal Nutrition and Forage Prodocti Mendel University
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Introduction

Alfalfa (Medicago satival.) belongs amongst the oldest and most importanenpéal
proteinous fodder plants with the highest contdrt-substances, beneficial composition of amino
acid, high protein value and lower incrustationliggin. The steppe origin of alfalfa influenced it
favourable agrotechnical characteristics (frostdimass, drought resistance, favourable DM
yield/ha, etc.). Due to the deep root systemyiitgs the nutrients up from deeper soil horizons,
depositing them in the root system (VORHEK, 2004) and enriching the soil with nitrogen.
Alfalfa also contains large quantities of vitamiasd minerals, especially calcium, phosphorus,
potassium, magnesium, considerably more than famele grass stands (MITRIK, 2006).
According to ZIMMER and HONIG (1987), differencesthe quality and nutritive value of alfalfa
and alfalfa silage are more determined by the fodd®p species because alfalfa is a typical fodder
crop, which represents a very difficult problemcionservation by ensiling due to the insufficient
content of fermentable sugars. Higher temperatdiging the growing season cause a more
intensive breathing of assimilates and thus rednatif water-soluble sugars. Higher temperature
also influences the content of fructosans (MiKAakt 1997b). The highest content of fibre in the
alfalfa dry matter is usually in the second harv@&RO et al., 1995; SIMKO et al., 2006).
Because of the very low content of water-solublgassi and the high content of N-substances and
basic elements, alfalfa belongs amongst the wonsilable fodder crops. To improve the
ensilaging capacity and the quality of fermentatibis necessary to leave the cut alfalfa stand to
wilt intensively to a suitable content of DM or tse effective silage additives with respect to the
content of dry matter. Several authors refer @nitiportance of adjusting the moisture content in
alfalffa and application of suitable microbial intamts during ensilaging (Dennis et al., 1999;
Loucka et al., 1999; Savoie et al., 1999; Kung, 2009 @thers).

Material and Methods

Material used in the model experiment was alfaiferfthe second cut. The alfalfa stand was
harvested after a short period of wilting by thdting-machine Model Claas Jaguar 870. The
average DM content was 287.15 g/kg. The theoretmadth of shreddings was 15 mm. Five
experimental variants in three repetitions weraldisthed for the preparation of model silages:
Variant a — control silage without the supplemeatabf silage additive, Variant B — treated with
the ensilage water-soluble microbial additive baged the bacteria of lactic fermentation
Lactobacillus paracasei(DSM 16245) Lactobacillus lactis (NCIMB 30160), Pediococcus
acidilactici (DSM 16243) at a dose of 2 g/ton; active substanc¥ariant C was monovalent
bacteria of lactic fermentatiorLdctobacillus plantaruniP 286at a dose of 1 g/ton; variant D -
treated with the ensilage water soluble microbidtitive based on the lactic acid bacteria
fermentation [(actobacillus buchnerNCMB 40788) at a dose of 5 g/ton, and variant Eeated
with the ensilage water soluble microbial additbesed on the lactic acid bacteria fermentation
(Lactobacillus plantarunMA 18/5 U, Pediococcus acidilactidlA 18/5 M, and enzyme cellulase
(hemicellulase) 10 000 iuygat a dose of 10 g/ton. Model silages were storethénlaboratory at
average laboratory temperature of 23°86 for 130 days. Parameters assessed to estabéish th
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quality of the fermentation process after the 18@sdwere as follows: DM content of silage, pH,
amounts of lactic acid, volatile faty acids, consenf alcohol and ammonia. Analytical procedures
were described in our earlier work (Dolezal, 208&)sults were statistically processed by using the
analysis of variance and differences between iddali groups were analyzed by Scheffe-test in
program STATISTICA 8. Data in the text are preserae average * standard deviation.

Results and Discussion

Results of experimental silages are in Table ly matter of silages made from alfalfa after
130 days of storage ranged from 304.87 + 3,53 gikgariant D to 307.85 + 1,8 g/kg in Variant
a (control silage). The higher content of dry matin the control silage resulted from higher
fermentation losses, which altogether represenié% Swhile the lowest losses were found in the
inoculated silage B (1.44%), resp. C (2.35%). @imrable differences were found in the pH
values of which the lowest one was found in silegd.76+0.013), while in the inoculated silage D
(5.04+0.021) the value exceeded the critical Idwelthe given content of the dry matter (4.45).
The explanation lies probably in the fact that thierobial inoculum contained onlyactobacillus
buchneri,which typically produces acetate rather than laatid whose content is decisive for the
pH value. The pH value of other inoculated silageas lower than that of the untreated control
silage. All experimental silages showed a sigaiiity higher (P<0.05) content of lactic acid (LA)
than the control silage (2.222+0.079). Of the ilated silages, the one with the lowest content of
LA was the variant D silage (3.01+0.066). As coneggawith the untreated control silage, all
experimental silages exhibited significantly lowatues of acetic acid, which corroborates the fact
that alfalfa with the the above-mentioned DM cohteas not biomass easy to ensile. From the
dietary point of view, an important moment is thetfthat the content of AA was in all cases higher
than 1%, which in practice could have a negatifecefon the intake of this silage. The fiery
course of the fermentation is also indicated byttiial content of fermentation acids in DM, which
ranged from 13.31+0.186% to 16.17+0.47%. The lowescentration was in the control silage,
the highest one in the silage of the variant CffeBénces between the other inoculated silages were
insignificant. Great differences were found in gecentage of lactate within the total content of
acids. The lowest proportion was found in the aardilage (54.30%) and of the inoculated silages
in silage D (63.14%) with respect to the pH valdée highest share (77.14%) of lactate in the total
sum of acids was found in silage E, where the ilmtucontained an enzyme component in
addition to the bacterial one. Except for the omnsilage, ethanol contents did not show any
significant differences.

Conclusions

The results of the experiment indicated that tredusoculants with the different contents of
lactic acid bacteria regulated the fermentatiorcess differently. Of the tested additives, the one
best affecting the course of fermentation was thittt the additional content of enzymes, which
made it possible to attain a higher productioracfdte aa well as the whole content of fermentation
acids. Inoculants containing only one LAB speci@nelyLactobacillus buchneridid not have
a positive influence on the quality of alfalfa giéafermentation. The untreated control silage
exhibited the lowest proportion of lactic acid hettotal sum of acids, the lowest total amount of
fermentation acids, the lowest LA/AA ratio but thighest fermentation losses (5.40%).
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Table 1: Fermentations charactersitics of alfaliflages

Specification A B C D E
Average 307,85 | 305,45/ 305,45 304,87 306,21
DM g/kg s.e.g. 1,798 1,913 2,61 3,529 1,883
Average 4,938 4,81 4,86 5,04 4,76
pH s.e.g. 0,039 0,007 0,009 0,021 0,013
Average 0,085 0,09 0,09 0,11 0,08
NH3 % s.e.g. 0,005 0,005 0,005 0,005 0,005
Average 2,222 3,37 3,53 3,01 3,57
LA % s.e.g. 0,079 0,066 0,091 0,066 0,165
Average 1,875 1,38 1,41 1,74 1,06
AA % s.e.g. 0,051 0,018 0,062 0,025 0,033
Average 1,187 2,44 2,51 1,73 3,36
LA/AA s.e.g. 0,07 0,023 0,061 0,035 0,242
Average 13,308 15,55 16,17 15,59 15,11
Yacids in DM |S.e.g. 0,186 0,242 0,474 0,192 0,496
Average 0,038 0,04 0,02 0,06 0,02
Ethanol % s.e.g. 0,007 0,007 0,006 0,01 0,007
IVOMD % Average 83,1 86,59 83,57 85,19 84,21
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Chemical Composition of Tifton 85 Grass Hay under Gemical Additives
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Abstract

In the winter of 2007, this study was conductedevaluate the effect of additives on the
chemical composition of Tifton 85 (Cynodon spp.y.h@he forage was harvested whit 45 days of
vegetative growth. The treatments consisted of hdy with 70 to 80% DM without additive (HW),
2 - hay with 70 to 80% DM treated with propioniéca@HPA) 1% on the wet basis, 3 - hay with 70
to 80% DM treated with urea (HU) 1% on the wet bawid 4 — hay control with 85 to 90% DM
(HC). Values of DM, CP, NDF, ADF, lignin, cellulosnd DIVMO were evaluate. Treatments
were distributed in a completely randomized deswgh four replications with a split plot scheme,
considering the treatments as plots and perio@sr @xposure as split plot. The HC had DM levels
higher than the others hays (P<0.05). EstimateddarHU higher values of CP than HPC in 5th and
9th day of evaluation (P<0.05). The HPA had loweslues of ADF and LIG than the others
haylage (P<0.05). The additives change the cheroaraposition of Tifton 85 (Cynodon spp.)grass
hay.
Keywords: urea, propionic acid, Cynodon spp.

Introduction

The tropical regions are generally well definedhyageason when the growth of forage plants
is abundant, and a dry season, in which there éstale of fodder. However, for animals to
maintain good levels of production over the yetrs,use of forage quality also in the dry season is
essential, since their nutritional requirement nema&onstant throughout the year. Looking around
the low productivity of Brazilian herds in the dsgason, various conservation techniques have been
used fodder, among which stands out the hay. Howeatethe time these plants have high
nutritional value, has high rainfall, leading tedoof nutrients in the field. Thus, the use of pulk
low-nutrient subjected to chemical treatment mayabédable alternative to meet the demand for
good quality forage during the period of restrictaghilability of pasture for animals. The objective
of this trial was to evaluate the effect of ured aropionic acid on the chemical composition of the
Tifton 85 grass hays.

Materials and Methods

During the winter of 2007, the experiment was canéd in an area formed with Tifton 85
(Cynodon sp.) irrigated and fertilized with 120 Mgha-1, 50 kg ha-1 P205 and 60 kg ha-1 K20.
Forage was harvested at 45 days of vegetative brae treatments consisted of four hays: HW -
moist hay (70% DM) untreated; HPA - moist hay teglatvith propionic acid additive (1% on the
wet basis); HU — moist hay treated with urea (1%tlom wet basis) and HC - hay control (90%
DM). The hays were stored in sealed plastic bag$®@odays, after this period of treatment were
opened and samples were collected and evaluat®dSaand 9 days after opening. Samples were
collected to determine the dry matter (DM) levatside protein (CP), neutral detergent fiber
(NDF), acid detergent fiber (ADF), lignin (LIG) and vitro digestibility of OM (DIVMO). The
contents of neutral detergent fiber (NDF) and algtergent fiber (ADF) were evaluated according
to the technique described by Robertson and VarstSd®81). Lignin was determined after
solubilization of cellulose in sulfuric acid at 72&%an Soest, 1994). Treatments were distributed in
a completely randomized design with four replicagian a split plot scheme, considering the
treatments as plots and periods of air exposurspdis plots. The analysis of variance was
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performed and comparisons between specific grodpgeatments were made by orthogonal
contrasts.

Results and Discussion

The table 1 presents estimates of the significantrasts between treatment and evaluation
time for the variables DM, CP, ADF and lignin. ¢ dbserved by the contrast test, applied to the
averages in the fifth and ninth days of aerobicosype, higher levels of CP (p <0.05) was found in
the hay with urea in relation to the acid and aantn the first evaluation time, higher levels
(P<0.05) were found in grass control compared teemtreatments. However, the fifth day of
evaluation, higher levels of DM were found onlytive hay with urea, with no difference between
the other treatments and times (P>0.05). The HRAlbaest values (P<0.05) of ADF and LIG
than the others hays, in the first day of evalumatido significant difference was confirmed (P>
0.05) in the values of cellulose and DIVMO. Lowestiues of NDF were observed in HPA
compared to Hay without additive and treated withau(Table 2).

Table 1:Estimates of contrasts between groups of haysfafnT85 grass subjected to different
treatments, with their standard errors and levefssmnificance for traits, during the aerobic
exposition in the winter

Trait$ Day of air exposure  ContraSts EstimateS  Standard Errors

HPA x HU -2.1634 0.0103

5 HU x HC -2.5409 0.0029

CP (% DM) HW x HU -1.9050 0.0156
9 HPA xHC 1.7829 0.0327

HU x HC 2.1425 0.0070

HW x HC -15.2925 <.0001

0 HPA x HC -17.4550 <.0001

DM (%) HUxHC  -16.1500  <.0001
5 HU x HC -6.3050 0.0170

0 HW x HC -3.1100 0.0386

HPA x HC -3.4925 0.0208

ADF (% DM) HW x HPA 5.7150 0.0003
9 HPA x HU -4.5425 0.0030

HPA x HC -3.7175 0.0141

0 HU x HC 1.9204 0.0079

Lig (% DM) 5 HPA x HU -1.7300 0.0099
HPA x HC -1.9025 0.0048

'CP: Crude Protein (%DM); DM: Dry Matter; ADF: AciDetergent Fiber (%DM); Lig: Lignin

(%DM);

2 HW: Hay without additive; HPA: Hay treated withgmionic acid; HU: Hay treated with urea;
HC: control hay.

% Estimates of contrasts between the estimated gesraf the first variable (+) and second (-).
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Table 2: Estimates of contrasts between groups of haysfafnT85 grass subjected to different
treatments, with their standard errors and levefssmnificance for contents ofcal neutro
detergent fiberduring the aerobic exposition in the winter

Trait" Contrasts Estimated Standard Error Padrdo  Pr > [t
EDN HW x HPA 4.1525 1.6037 0.0168
HPA x HU -4.2092 1.6037 0.0156

NDF: Neutro Detergent Fiber (%DM)
2 HW: Hay without additive; HPA: Hay treated withgmionic acid; HU: Hay treated with urea
3 Estimates of contrasts between the estimated gesraf the first variable (+) and second (-).

Conclusion
The chemical additives used changed the chemieaposition of the Tifton 85 grass hays,
in the days after opening evaluated.
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Short-term Storage (10 days) of Wet Brewery GrainEffect of Organic
Acid Treatment on Fermentation Products, Aerob Stabity and
Microbial Status
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Summary

Aim of the authors was to investigate the aerob#bility of wet brewery grain during
10 days aerobic storage treated by organic acidgignic and formic acid mixture 1:1 in dose of
0.3% (i) and 0.5% (ii), and propionic-formic acidxtare buffered with ammonia in dose of 0.5%
(iii). Aerobic storage was carried out (10 cm anhér and densed layer at the bottom and an upper
soft, aerobic layer of 10 cm) in a newly improveddal silo system (n=5). Temperature changes
were detected in aerob and anaerobic layers witeose of model mini silos during 10 days of
storage by hours. Sampling was carried out on €feday of storage. Crude nutrients, pH, lactic-
and volatile fatty acid, ethanol, ammonia-N, aemudsophil bacteria and moulds were measured at
the end of aerobic phase according to the Hung&&tional Standards. Authors summarized that
the dose of 0.5% (propionic-formic acid ratio lirifibited the deterioration process and improved
the stability compared to the control-, the dos€.8f6- and buffered organic acid mixture (0.5%).
Application of 0.3% dose of propionic and formidgdamixture (1:1) is not recommended, because
it presumably supplies substrate for aerobic manganisms causing accelerated deterioration
compared to the control.

Introduction

Long-term storage of wet brewery grain (WBG) haslreen preferred by the beer factories,
therefore farms apply generally weekly deliver agdort-term storage (7-10 days). Fast
deterioration can be expectable above th&dC2ihd in humid weather circumstances. Aim of the
authors was to investigate the aerobic stabilitwef brewery grain during 10 days aerobic storage
treated by organic acids: propionic and formic amidture 1.1 in dose of 0.3% (i) and 0.5% (ii),
and propionic-formic acid mixture buffered with ammi in dose of 0.5% (iii). The buffered
propionic-formic acid mixture is not corrosive andt pungence for labours. Aerobic storage was
carried out (10 cm anaerobic and densed layereabtittom and an upper soft, aerobic layer of
10 cm) in a newly improved model silo system (n=B)e two layers (the top aerobic- and the
lower densed anaerobic layer) imitated the nafasars in the temporary WBG pile stored on the
farm.

Materials and Methods
Authors prepared different mixtures of acids 'A’xtuire of acids and salts: propionic acid

and formic acid mixture made from 96% propionicdaand Kemisile 2S mixed in ratio of 0.7: 0.3.
Composition: 41,3 % formic acid, 3,01% ammmoniumyfiate, 43,85% propionic acid, 1,75% K-
sorbate and 10,09 % water. Dose of 0,3% acids eaordvided by 0,33% mixture, dose of 0,5%
acids can be provided by 0,55% mixture. 'B’ mixtusé acids: 50,4 % formic acid, 29,7%
ammmonium-formiate, 18,1% propionic acid, 1% monopglene-glycol and 0,8 % water.
Treatments applied:

1. control: without any acid treatment

2. 0,3% dose: propionic acid and formic acid mixtus@:60), ‘A’ mixture in 0,33%
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3. 0,5% dose: propionic acid and formic acid mixtus@:50), ‘A’ mixture in 0,55%
4. 0,5% dose: buffered (ammonia) propionic acid amchifo acid mixture, 'B’ mixture in 0,5%
Aerobic storage was carried out (10 cm anaerobit dansed layer at the bottom and an

upper soft, aerobic layer of 10 cm) in a newly ioy@d model silo system (n=5). Temperature
changes were detected in aerobic and anaerobicslayith sensors of model mini silos during
10 days of storage by hours. Sampling was carnigdo the 18 day of storage from both layers,
respectively. Crude nutrients, pH, lactic- and titddatty acid, etanol, ammonia-N, aerob mesophil
bacteria and moulds were measured at the end abiagrhase according to the Hungarian National
Standards (Table 1 and Table 2).

Results and Discussion

Crude nutrient content and deterioration profiledBG after 10 days storage is provided in
Tablel and Table2.

According to ammonia-N content and the microbiatus of the control WBG, it was
confirmed that deterioration was more pronouncedhi upper, aerobic layer compared to the
lower anaerobic layer (moulds in aerobic layer:84l8y, CFU/g vs moulds in anaerobic layer
2.72 logy CFU/g). We have found in the anaerobic layer gfragetic acid fermentation and
ethanol production compared to the upper layer.

The dose of 0.3% treatment in the upper soft ancteg layer did not inhibit the
deterioration compared to the control (pH 686 5.97, respectively, 90.05). Moreover, the
additional propionic acid (0,15%) concentrationréased by 96% in the aerobic layer compared to
the initial concentration and was lower than in #maerobic layer (aerobic layer: 5.9 g/kg D!
anaerobic layer: 10.1 g/kg DM<f.05). Presumably, undesirable aerobic bacterianamualds are
able to use the propionic acid as substrate irdttse of 0.3% in aerobic circumstances. The 0.3%
dose (PA:FA 1:1) had beneficial effect on detetiorain the anaerobic layer compared to the
control, but was not so effective than dose of 0(B%MB 0.3%: 4.53 logy CFU/gvs. AEMB
0.5%: 3.0 logy CFU/g, =0.05).

Table 1: Crude nutrients in WBG after 10 days steréanaerobic layer)

Fresh After 10 days storage (anaerobic layer)
wBG Control 0,3% 0,5% 0,5% buff.

Dry matter o/kg 221,8 229,2 213,2 221,121 230,0
Crude protein  g/kg DM 330,7 327,7 325,1 330,6 338,0
Crude fiber g/kg DM 1419 1421 124,0 121,4 127,2

It was found that 0.5% of acid mixture (PA: FA 1culd inhibit effectively (at 2@C and

20% DM content WBG) the deterioration process camgbao the control in both layers. There
were not significant diffferences between the aierabd anaerobic layer characteristics in the case
of 0.5% acid treatment. The buffered acid mixtudes%, PA:FA 1:2.5) inhibited the spoilage
compared to the control, but was not so effectiveghe dose of 0.5% acid mixture in the upper
aerobic layer. The aerobic mesophil bacteria- aodldhproliferation was more intensive in the
case of buffered acid mixture than in the dose.8¥0of acid treatment (PA: FA 1:1). The effect of
buffered acid mixture (0.5%, PA:FA 1:2.5) on WBGfile was similar to the dose of 0.5% of acid
mixture (PA: FA 1:1) in the lower, anaerobic layer

Conclusions

Acid mixture (PA:FA 1:1) in dose of 0.5% inhibitesignificantly the deterioration process
both in anaerobic and aerobic layers, therefoig iecommended to use on farms. However, there
can be technical problem with treatment of the wharnount (spraying and mixing of the whole
pile). According to the results, that deteriorationthe anaerobic layer is slower and not so
intensive as in the aerobic top layer, treatmenthef WBG pile surface with 0.5% acid mixture
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(PA:FA 1:1) can be effective to inhibit undesirakblerobic micro-organisms during short storage
(maximum 10 days) without treatment of the whole @/Bile. Impregnation of the top 10-20cm
layer by 0.5-1 litre acid mixture/ 17will inhibit effectively the deterioration duringhort storage.
Application of 0.3% dose of propionic and formidgdamixture (1:1) is not recommended, because
it presumably supplies substrate for aerobic manganisms causing accelerated deterioration
compared to the control on the surface. The bulfexeid mixture (dose: 0.5%, PA:FA 1:2.5)
inhibited the spoilage, but was not so effectiveiiotect the top layer than un-buffered acid mitur
(0.5% dose, PA:FAL:1), therefore it is recommenttedse just shorter period of storage at lower
ambient temperaturec0°C).

Table 2: Deterioration profile of WBG after 10 dagtsrage

0,5%

Control 0,30% 0,50% buffered

AE* *AN AE* f‘N AE* AN**  AE* f‘N
pH Mean 5,97a 5,72a 6,36b 5,13e 4,44f 4,48f 4,6266f4

ST 0,16 0,06 0,06 0,24 0,04 0,05 0,02 0,04

Ammonia/N % Mean 2,31a 0,85b 1,02b 0,93b 1,09b Hl,04},28c 4,32c
% of total N ST 0,41 0,11 0,24 053 0,13 0,05 0,19,16
Lactic acid Mean 1,31a 1,64b 1,4l1a 4,56c 5,33c 4,74,84c 4,80c
g/kg DM ST 0,00 1,21 0,00 1,47 0,45 1,08 0,96 0,71
Acetic acid Mean 1,37a 6,66b 0,79a 3,20c 2,67a a2,62,08a 2,35a
g/kg DM ST 1,39 1,03 0,22 0,57 0,16 0,04 0,13 0,12
Propionic acid Mean 0,35a 0,42a 0,23a 5,87b 10,09;34c 4,18b 4,35b
g/kg DM ST 0,24 0,09 0,00 0,42 0,24 0,40 0,19 0,12
Ethanol Mean 0,00a 1,84b 0,00a 0,17a 0,00a 0,00&€0a0,0,00a
g/kg DM ST 0,00 0,60 0,00 0,06 0,00 0,00 0,00 0,00

\[;(;/Ilatlle fatty acids, g/kg Mean 1.72

Organic acids, g/kg DM Mean 3,03 8,72 2,43 13,63088 17,72 11,10 11,50
Fermentation  products

7,08 1,02 9,07 12,75 1295 6,26 6,70

Mean 3,03 10,56 2,43 13,80 18,08 17,72 11,10 11,50

o/kg DM

LA:AA Mean 0,96 0,25 1,79 1,43 2,00 1,82 2,33 2,04
AEMB*** Mean 6,48a 5,03b 6,48a 4,53b 3,00c 3,00c 4,12b 3,00c
log10 CFU/g ST 0,00 0,05 0,00 0,70 0,00 0,00 0,76000
Moulds Mean 4,88a 2,72b 5,07a 2,95b 0,00b 0,00b 4,02a 0,00b
log10 CFU/g ST 0,24 049 0,18 0,00 0,00 0,00 0,50 0,00

*AE= aerobic layer **AN = anaerobic layer*** aeroli mesophil bakteria abcd Means in
the same row with different letters diffex(p.05)
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Long-term Storage of Wet CGF: Effluent, Optimal Dersity, Fermentation
and Aerobic Stability

OROSZ S, KAPAS S,
Szent Istvan University, Department of Nutritiod@ll5, Hungary, Email:
orosz.szilvia@mkk.szie.hu,
2Déli Farm Ltd, Szeged-Kiskundorozsma, Hungary

Summary

Aim of the authors was to investigate the efflupnbduction, fermentation profile and
aerobic stability of wet CGF (WCGF) during 30 daymerobic storage and 10 days aerob phase in
model silos. Wet CGF was ensiled alone and mixat worn grain (10%) or maize silage (20%),
respectively. Samplings were carried out on the™ and 369* day of fermentation and {@ay
of aerobic storage. In the anaerobic phase crudeents, pH, lactic- and volatile fatty acid,
ethanol, ammonia-N content were detected. Theviitig parameters were measured after 10 days
aerobic storage: ammonia-N, aerobic mesophil hacteroulds and aerobic stability according to
the Hungarian National Standards.

Introduction

Aim of the authors was to investigate the efflupnbduction, fermentation profile and
aerobic stability of wet CGF (WCGF) during 30 daymerobic storage and 10 days aerob phase in
model silos. Wet CGF was ensiled alone and mixdd diy ground corn (10%) or maize silage
(20%), respectively.

Materials and Methods

Ensiling was carried out in a model silo systenrti(dit sealing, air-valves, volume:
0,041 m). Applied treatments were the followings.
Experiment 1: Density of 1108 kg 443 kg DM/ mi

- control wCGF

- M1: wCGF and 20% maize silage (4,5 kg mixture:K@y9naize silage and 3,6 kg wCGF).
Experiment 2: Density of 1192 kg Aa#77 kg DM/ nd

-control wCGF

—-M2: wCGF and 10% dry ground corn (4,5 kg mixturgt Bg dry ground corn and 3,6 kg

WCGF.

Sampling was carried out on th8 44" and 38' day of fermentation. Crude nutrients, pH, lactic-
and volatile fatty acid, ethanol content and mi@bbtatus (moulds and aerob mesophil bacteria)
were measured according to the Hungarian Natioeddards. Temperature changes were detected
in aerobic phase after opening (240 hours) witlseenof model mini silos (in 110 mm depth).

Results and Discussion

Weight losses in wCGF and mixtures are shown inlel'db It was found that the wCGF
could be consolidated easily to high density, bensity of 443 and 477 kg DM/heaused high
weight losses (8,8% and 8,4%, respectively) dumtensive gas and effluent production. Maize
silage increased the weight losses compared todieol wCGF (+1,1%). Dry ground corn (10%)
reduced the weight losses (-1,8%), gas and efflpemtluction in the mixture compared to the
control (8,4%vs 6,6%, & 0,05). Tubular system (the proposed silotype aoestvCGF) is sensitive
for gas production, therefore it is recommendedettuce density to 370-390 kg DMInCrude
nutrient content of the wCGF and the mixtures drews in Table 2. Fermentation profile and
aerobic stability of the wCGf and the mixtures previded in Table3.
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Table 1: Weight losses during the fermentation @G# and mixtures (n=5).

Day 4 Day 14 Day 30
WCGF (exp 1) 8,3a 10,0b 8,8a
0,28 0,40 0,57
WCGF + silage 20% 9,9b 15,3c 9,9a
0,87 1,59 2,24
WCGF (exp 2) 6,7a 7,2b 8,4b
0,45 1,10 0,44
wCGF+corn 10%  5,7b 6,7b 6,6¢C
0,40 0,60 0,56
abcdMeans in the same row with different letters diffe< 0.05)
Table 2: Crude nutrients in wCGF and mixtures.
Exp 1l Exp 2
Mize  wCGF + silage Dr wCGF+corn
WCGF silage 20% % weer cor{1 10%
Dry matter a/kg 407,3 265,6 388,0 445,0 888,8 485,6
Crude protein g/kgDM  186,2 56,2 164,6 211,7 97,0 92,6
Crude fat gkgDM 594 37,1 55,7 70,0 54,7 68,7
Crude fiber gkgDM 82,7 2240 99,9 55,0 21,3 48,0

The WCGF had rather low organic acid content on3ieday of fermentation (Exp 1 OA:
12.1 g/lkg DM, Exp 2 OA: 8.5 g/lkg DM), accompanigdhigh pH (Exp 1 pH: 4.8, Exp 2 pH: 4.7).
However, LA:AA ration has been found appropriatexdEL LA:AA: 9.7, Exp 2 LA:AA: 4.0).
Ethanol production was considerable in the wCGR(EXET: 19.0 g/kg DM, Exp 2 ET: 31.3 g/kg
DM). Summarizing, low fermentation intensity, lactcid dominating fermentation with very high
ethanol concentration was found in wCGF. Deterioratvas not found during the anaerobic phase.
Maize silage improved fermentative intensity of WE®A: 12.1 g/kg DMvs. OA: 18.2 g/kg DM),
however significantly increased the acetic aciddpmion and reduced the LA:AA ration (LA:AA:
6.1-9,7 vs. 2.2-2.3) compared to the wCGF control. Dry growmmin accelerated the ethanol
production in initial phase of fermentation (4™Mday). The dry corn increased the lactic acid and
acetic acid production between 14"afay. It was found that the wCGf aerobic stabilityather
poor (Exp 1: 49 hoursfC, Exp 2: 39 hoursfT) after 30 days of fermentation. Maize silage (20%
increased the mould proliferation compared to thetrol wCGF during the aerob phase, while dry
corn decreased the proteolyses (AmmoniaN%:v&.®.8). Maize silage had undesirable harmful
effect on stability (49 hoursiC, vs 28 hours/1C), while dry ground corn significantly improved
the aerobic stability of WCGF (39 hourdZl, vs 84 hours/1C).

Conclusions

According to the poor fermentation results, tubdgstem is recommended to use for store
WCGF. However, this system is sensitive for gagipetion, therefore it is recommended to keep
density between 370-390 kg DMinDry ground corn in 10% is recommended to add @G in
order to reduce weight losses (gas- and effluendiymrtion) and improve aerobic stability. Maize
silage (20%) quality has strong impact on lossek farmentation process in wCGF mixture and
can not be excluded undesirable effects.
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Table 3: Fermentation profile of WCGF and mixtuas5)

. Day 4 Day 14 Day 30 Day 4 Day 14 Day 30
Fermentation WCG WeG
stage = M1* wCGF M1 wCGF M1 E M2** wCGF M2 wCGF M2
ANAEROBIC STAGE
oH mean 5,2a 4.6¢c 5,8b 5,0c 4.8c 4.5d 5,0a 5,2¢c 48b,9c 4 4,7b 4.7d
ST 0,1 0,0 0,2 0,0 0,0 0,0 0,1 0,1 0,0 0,0
Lactic acid, g/kg DM mean 7,0a 10,9b 9,1c 12,2b 10,8b 12,0b 4,3b 3,2b0c 5, 5,8¢c 6,6d 9,3e
' ST 0,7 0,4 0,7 0,6 0,4 1,0 0,4 0,1 0,8 2,1
Acetic acid, g/kg DM mean 1,la 5,0b 1,5a 5,2b 1,1a 5,6b 0,9a 0,9a 1,3b,2b 1 1,7c 2,9d
’ ST 0,1 0,3 0,1 0,3 0,1 0,4 0,1 0,1 0,1 0,2
Propionic acid, g/kg DM mean 0,0 0,5 0,1 0,5 0,2 0,5 0,0 0,0 0,0 00 1 0O,
’ ST 0,0 0,1 0,0 0,0 0,1 0,0 0,0 0,0 0,0 0,0
mean 189a 17,2b 24,8¢c 23,9d 19,0a 21,6a 7,9a 1329h0c  26,8d 31,3e 23,4c
Ethanol, g/kg DM ST 16 13 30 06 23 1,6 17 1,9 40 1,9
Organic acids, g/kg DM mean 8,la 16,3b 10,7a 17,9b 12,1a 18,2c 5,3a 4,1k83c 6 7,0d 8,5e 12,3f
’ ST 0,8 0,3 0,8 0,8 0,5 1,1 0,4 0,1 0,8 25
Ferm product, g/kg DM mean 27,0a 33,6b 355b 41,8¢c 31,1b 39,8c 13,2a b17X%,4c 33,8d 39,8 35,8e
! ST 2,0 1,2 2,2 0,6 2,7 2,3 1,6 2,0 4.8 3,5
LA/AA mean 6,la 2,2b 6,1a 2,3b 9,7c 2,2b 4,7a 3,8b 3,8b,0c 5 4,0b 3,3b
ST 0,4 0,2 0,4 0,1 1,2 0,3 0,6 0,5 0,5 1,1
AEROBIC STAGE (10 daerobic days = DAY 40)
pH mean 5,6a 5,9a 5,8a 5,8a
ST 0,5 0,3 0,4 0,3
mean 6,4a 5,8b 7,0c 5,8b
Ammonia, % total N ST 1,2 1,2 1,6 1,9
mean 6,la 6,2a 5,8b 6,0b
AEMB*** log 10 CFU/g ST 0,2 0,2 0,6 0,1
mean 1,1a 3,9b 0,0c 0,0c
Moulds, log 10 CFU/g 1,5 2,3 0,0 0,0
, . 49a 28b 39c 84d
Aerobic stability, Hours/1C 41 11 25 4.2

*M1= wCGF and maize silage 20% **M2 = wCGF and dorn 10%, *** AEMB = aerob mesophil bacteria
abcdMeans in the same row with different letters diffe< 0.05)
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The Influence of Biological and Chemical Additivesn the Fermentation
Process of Field Pea Silage

TYROLOVAY., VYBORNA A.
Institute of Animal Science, Pratelstvi 815, 104208ha, the Czech Republic

Introduction

Pea Pisum sativumis an annual plant which is grown in many pairtshe world. In the
Czech Republic pea is grown on 22 800 hectarespdsitive attribute is a high crude protein
content. Pea growing is very advantageous for algui@l engineering as it improves the soil
fertility due to Root-nodule bacteria (Rhizobia)iahhare able to fix the atmosphere nitrogen into
soil. Pea is an excellent break crop. It is usethénCzech Republic mainly for its seeds. However
the whole plant can also be used for silage.

The aim of this experiment was to evaluate theceffébiological and chemical additives on
the fermentation quality of pea silage. The baaténoculant contained selected bacterial strafns o
Lactobacillus rhamnosu@NCIMB 30121) andEnterococcus faeciugiNCIMB 30122).
Keywords: field pea, fermentation quality, inoculant, cheahiadditive

Materials and methods

Whole plants of peas cv. Concorde were harvesteghvthey were at the advanced pod
filling maturity stage. Forage was wilted in the atlv to ca 33 % DM and chopped by
a conventional forage chopper to a length of 25 ffine chopped matter contained 159.3 g/kg DM
of crude protein, 295.75 g/kg DM of crude fibre 01l g/kg DM of water soluble carbohydrates
(WSC). At this time over 50 % of the silage was posed of pods with seeds. The first silage
treatment was ,control* (without additive). As ttemcond treatment the commercial bacterial
inoculant (1 g/t) containing homofermentative lacticid bacteria Lactobacillus rhamnosus
(NCIMB 30121) andEnterococcus faeciufNCIMB 30122) was usedThe chemical additive
containing formic acid (55 %), propionic acid (5,%jnmonium formiate (24 %) and benzoic acid
(2.2 %) was used in the third group of silage atdmount of 4 I/t. Chopped forage (700 g) was
packed into polyethylene bags. After samples vaclsgaling, the bags were stored at the
temperature +18 to +20 °C. Silages were analysedfeionentation quality after 60 days of
conservation.

Results and discussion
Table 1: Fermentation characteristics of pea silage

Control Bacterial inoculant Chemical additive
(n=7) (n=7) (n=7)

Dry matter (%) 32.83 33.29 33.49

WSC (% DM) 1.30 1.06 2.28

pH 4,08 4.02 3.94

Lactic acid (% DM) 2.30 3.29 2.54

Acetic acid (% DM) 0.54 0.44 0.52

Propionic acid (% DM) 0.07 0.06 0.08

Butyric acid (% DM) 0.00 0.00 0.00

ab\Mean values in the same line with the differenessipts are significantly different (P<0.05)

The use of bacterial inoculant significantly inged P<0.05) the concentration of lactic
acid. The same result was found by Borreani (208f).examined pea silages containing pea
harvested at four stages of growth. All silagedwiitoculant had increased contents of lactic acid
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except for the pea silage harvested at the entbwkfing maturity stage. Fraser (2001) reported
that the fermentation was improved by applyingrofreoculant withLactobacillus plantarum.

The lactic:acetic ratio in the silage treated viatttterial inoculant was increased compared to
control (bacterial inoculant 7.48:1 vs. control&tD). This ratio is a good indicator of the effivigy
of the silage fermentation.

Both bacterial inoculant and chemical additive pwsly influenced fermentative
characteristic — pH. Silage treated with bacteraculant and with chemical additive had
significantly (P<0.05) lower pH compared to control. The high&st(Q.05) content of water soluble
carbohydrates (WSC) was retained in the silagéddeaith the chemical additive.

Conclusion

Generally the bacterial inoculant had a positiieafon pea silage characteristics. The pH
was decreased and lactic acid was increased. Usmatérial inoculant and chemical additive
improved silage quality.
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An inoculant to improve the corn silage quality uncr field conditions

ARAGON A. ¥, HERNANDEZ R, GONZALEZ S.
'Biomin Holding GmbH, Herzogenburg Austrfinusa, Monterrey, Mexico;
3Biomin America, San Antonio, Texas

Abstract

A field silage trial was conducted in the region Tdrreon, Mexico, between July and
October of 2009. The substrate corn whole plant erasled with a dry matter (DM) content of
27— 30 %. The silages were treated with Product (BFomin® BioStabil Mays; blend of
L. plantarum, L. breviand E. faecium and a competitor (product B) (blend lodctobacilli and
enzymes) according to the dosages recommended eébyrtbducers (4 and 1 g respectively),
guaranteeing 2 x faand 1 x 10 cfu/ g silage. The material was properly compacted sealed.
Samples of the raw material were sent to the labryrao determine its nutrient content. The silages
were opened 2 months later and sampled for nutciemtent (DM, crude protein, energy and ash),
silage quality (pH and lactic, acetic and butyr@@dh and mycotoxin contamination (aflatoxins,
ZON, DON and T-2). The aerobic stability was deteed during 12 days after the opening of the
silo, as the differences of the silages temperatcoenpared with the ambient temperatures (Honig,
1990). Losses of the different nutrients were datedl and compared at the end of the trial. The use
of the Product A reduced the DM and metabolizablergy losses in 6.69 and 1.33 % compared
with the treatment with Product B. The losses iotgin were slightly higher for Product A
(0.21 %), nevertheless the losses in ammoniac & Wwigiher in 3.27 % when Product B was used.
The pH value was similar for both treatments (acbdr02), as well as the acetic and butyric acid
content (4.01 and 0.00 g/ kg DM respectively). 8irthe lactic content was higher for silages
treated with Product A than that treated with Podgi (7.58vs. 7.98 g/ kg DM respectively), the
proportion between lactic to acetic acid had bettsults (lower) for A than B (1.88s. 1.99).
The temperatures in the silage were lower usin@dymt A (1- 5 °C). No contamination with
aflatoxins was found in the silages. However, ZODON and T-2 were detected. The
contamination with DON and T-2 was higher in B thiar.

Introduction

Corn is one of the most extended crops used faged. Corn silages contain high amounts of
energy which is essential for high yield animals.

A trial was conducted to test the efficacy of aldnjical silage inoculant (BiomfhBioStabil
Mays; blend ofL. plantarum, L. brevigndE. faecium) compared to a competitor product related
to:

- silage nutrient content,
— sermentation quality and
— the aerobic stability

Materials and Methods

A trial under field conditions with inoculants foorn whole plant silage was conducted from
July to September 2009 in a dairy farm in Torreliexico. Two different inoculants (Biomfn
BioStabil Mays or Product A, blend of homo- andenetermentative bacteria, 286 tons ensiled)
and Product B (blend of homofermentative bactanid enzymes; 980 tons ensiled). The dosages
used for the experiment were the recommended bgribducers (4 and 1 g/ ton for products A and
B respectively). The raw material as well as tiagsis was sampled and the samples were analyzed
in an independent and certified local laboratorfteAthe opening of the silos, the temperature was
measured in regular intervals during 10 days.
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Results

The content of nutrients in the silages is showntable 2. The use of the product A
diminished the dry matter losses in more than 6.%5r#aning more than 1.95 tons per 100 tons of
silage (with 30 % DM). Considering a ME conten2a® Mcal/ kg DM and taking into account the
requirement for the production of 1 liter of milk.{6 Mcal/ liter milk), the use of Product A could
decrease the losses in milk production (only bezaa$ dry matter losses) in about
3 700 liters/100 tons silage [(1 950 kg DM x 2.2d&kg DM)/ 1,16 Mcal/ liter of milk].

The losses in protein in the silage treated withdBct A were 0.21 % higher than the one
treated with Product B. Nevertheless the role ef ¥bluminous feed in the ration is mainly as
energy supplier.

Table 2: Nutrient contents in the silages treatdtth wvo different inoculants

Treatment Product A Product B Difference
Parameter Unit Raw | Silage |Difference| Raw Silage Difference | (B -A)
material | (n = 3) (%) material (%) (%)
Dry matter (DM [ % 29.81 28.4¢ 4.4% 27.4¢ | 24.3¢ 11.12 6.6¢
Crude protein % in 8.21 7.46 9.18 9.82 8.94 8.96 -0.21
Metabolizable Mcal/ kg
energy (ME) DM 2.17 2.12 2.30 2.20 2.12 3.64 1.33
Ash % 10.12 9.33 7.84 9.59 8.82 8.03 0.19
pH - 4.0Z 4.01 -0.0z
Ammoniacal N % 11.01 14.28 3.27
Lactic acid (LA) | % in 7.58 7.98 0.40
Acetic acid (AA) % in 4.03 4.00 -0.03
% in
Butyric acid DM 0.00 0.00 0.00
% in

Total acid DM 11.61 11.99 0.38
Proportion
LA : AA - 1.88 1.99 0.10
Table 3: Calculation of the productive responsehuiite use of the silage inoculant A

Product | Product Difference
Parameter Unit A B (B -A) %
Energy content in the raw mate Mcal ME/ kg DM 2.2C 2.2C 0 0
Losses of energy % 2.20 3.64 -1.44 -40
Energy content in the silage Mcal ME/ kg DM 2.15 2.12 0.03 1.49
Difference Mcal ME/ kg DM +0.03 - -0.03
Dry matter % 28.49 24.39 4.10
Energy plus per ton Mcal 612.99 517.05 +95.94 19
Energy needed per liter milk Mcal/ liter 1.16 1.16 0.00 0
Milk plus per treated ton Liter/ ton 528.44 445.73 +82.71 19

The reduction in the ME content was higher for shage treated with Product B (3.64.

2.30 % compared with Product A). This differencelod4 % could have a marked productive
response (table 3). The calculation was done f®isttime dry matter content present in the silages.
As shown, this small quantity makes a differencéd904 Mcal/ ton for the treatment with the
silage inoculant A. This amount of energy couldrespnt 82 more liters of milk per ton of silage,
taking only into account the energy factor.

Considering the benefits of a higher dry matter andrgy recovery together (calculations
above) the use of the silage inoculant A could maprmilk production in 119 liters per ton silage
(37_liters from table 2 + 82 liters_ from tablec@mpared to Product B.
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Other advantages in the use of Product A not désmlsefore from table 2, could be

summarize as follow:

— lower content of ammonical N,
— higher content of acetic acid and
— better proportion between lactic and acetic acid

These two last parameters are essential for arlzegtebic stability. The improvement in the

aerobic stability is shown in graphic 1.

Graphic 1: Temperatures in silages treated withculants compared with the ambient temperature
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As shown, the average temperatures in the silaggéetl with Product A were lower 1 to 5 °C
than in the one treated with product B.

The aerobic stability (time in hours or days in @hhithe silage remains stable without
guantifiable losses) is better when the silage tratpre does not increadfter the opening of the
silo under aerobic conditions, yeasts mainly geivacand degrade the silage nutrients in
exothermic reactions, which means losses of enanglynutrients. Short chain organic acids, for
instance, acetic acid stop the growth of yeastd faoulds) and minimize these losses.

In case of silages of corn whole plant, the cruasect is to improve the aerobic stability,
because the corn generally ferments well. Neveztiseldue to its relatively high content of
nutrients, very often the aerobic stability worseng to the activity of the yeasts. For this kirfid o
silages is common also to contain high quantitfdaatic acid.

Conclusions
The use of the silage inoculant A has the followadgantages:
— lower dry matter and energy losses,
- better fermentative parameters and
— longer aerobic stability

All this benefits mean a high productive potental bettering the profitability in the use of
silage inoculants and, finally, the profitabilitfthe farm.
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Effect of Rapeseed Meal and Ensiling PreparationsmoFermentation
Quiality, Microbiological Composition and Aerobic Stability of Whole-
Plant Maize Silages

PYS J. B., KARPOWICZ A., SZALATA A.
Department of Animal Nutrition and Feed ManagemaAgtjcultural
University, Mickiewicza 24/28, Cracow, Poland

Introduction

Whole crop maize silage is particularly susceptiblen aerobic deterioration after opening
a silo. It is caused by long vegetation periodnfdaxposure to yeasts and moulds contamination
and a high level of lactic acid and water solutdebohydrates (WSC), which are main nutrients for
these microorganisms [Ohmomo et al., 2002]. Dutireydeterioration process, rising temperature
results in further growth of yeasts and thermopHilingi [Ashbell et al., 2002]. Ensiling maize
forage with heterofermentative lactid acid bactétiaB), homofermentative LAB in combination
with organic acids salts or with organic acids #mlr salts improved the aerobic stability of sdag
obtained. These additives also decreased deanmiratio proteolysis as well as inhibited or even
eliminated butyric acid fermentation in the silagBolezal, 2004; Stryszewska and$PR006;
Kania, 2007]. a better fermentation quality, a tgeaerobic stability and much higher protein value
of the silages can be obtained by ensiling mairzeg® with protein components [Kania, 2007§ Py
et al., 2008].

Material and Methods

Maize forage (cv. Eurostar, FAO 250, dry matter5.329/kg, particles size: 10-15 mm) was
ensiled with no additives — MO or with addition ofipeseed meal (RSM) in an amount of 50 g/kg
of forage — M1; RSM + Bll(actobacillus buchnerbacteria - 1.0x10cfu/g of a mixture) — M2;
RSM + BCI (. buchneribacteria - 1.0x10cfu/g of a mixture and potassium sorbate - 0.5 gkg
a mixture) — M3; RSM + CC (59% of formic acid, 2086 propionic acid, 4.3% of ammonium
formate, 2.5% of potassium sorbate; preparatioe ddsml/kg of a mixture) — M4. The whole crop
maize was ensiled in 120 | polyethylene silos fOrdays, in an ambient temperature 1’2
The silages were analysed for pH, ammonia-N £NIjj ethanol, dry matter (DM), crude protein
(CP) and true protein (TP) and organic acids: ¢aith), acetic (AA), propionic (PA), butyric (BA)
content. Samples of the silages were subjectech taegobic stability (AS) test, which lasted for
7.days, at room temperature 20€1(Volkenrode System; [Honig, 1990]. The AS was suead by
the number of hours during which the temperaturthefsilages subjected to an aerobic exposure
did not exceed the ambient temperature in theaiditioned room by €. After opening the silos,
as well as 7.days of an air exposudpstridium bacteria, yeasts and moulds counts were
determined. The results were statistically analy@ate-way analysis of variance, Tukey's test),
using the Statistical Analysis System Software (S¥8. 9.1., 2001-2003)

Results and Discussion

M1, M2, M3 and M4 silages had the greatest (P<O0dry) matter content and alower
(P<0.05) NH-N, ethanol and lactic acid content, in comparigspMO silages (Tab.1). Declined LA
level and increased AA content in M2 silage wassedubyan activity of L. buchneribacteria,
which degrade LA to AAThe lowest LA and AA content in M4 silage, resulfedim restrictive
influence of organic acids, on fermentative baatgnioducing those acids. No butyric acid was
found in M1, M2, M3 and M4 silages. Increasing Dé4el in M1, M2, M3 and M4 silages,
inhibited the protein degradation to ammonia-N,aa®sult of decreasing access to water for
protein-degrading bacteria. Ensiling maize with RS¥dpecially in combination with CC or BClI,
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increased (P<0.05) CP and TP content in the sil@bas. 1). The greatest resistance to an aerobic
spoilage was characteristic of M3 silage and inusage of M2 and M4 silages. M3 silage
contained the highest level of acetic and propi@ticls, which have strong antifungal properties
(Tab. 1). No moulds were indicated in M1, M2, M3daki4 silages, after opening the silos.
(Tab. 2). The lowesElostridiumbacteria, yeasts and moulds counts, after opehmgitos, as well

as air exposure, was found in M3 silages (Tab. 2).

Table 1: Chemical composition and aerobic stabitifynaize silages

Item Type of silage
MO | M1 | M2 | M3 | M4
Dry matter gkg 315.1b 338.8a 328.3a 3294 a 336.8a
pH 3.90c 4.02 b 4.05b 408b 4.25a
NHs-N g/kg of total-N 43.8 a 38.1ab 33.2bc 30.1c 339 bc
g/kg of dry matter
Ethanol 16.0 a 10.3b 8.2b 79b 618
Lactic acid 69.9 a 45.1b 34.0 cd 38.2bc 29.1d
Acetic acid 14.4 be 17.3b 23.0a 189ab 10.2c
Propionic acid 00c 0.2b 3.8a 519. 0.7b
Butyric acid 26a 00b 0.0b B.0 00b
Crude protein 80.2b 110.6 a 1114 a 113.0a 614.7.
True protein 50.3c 726 Db 745D 80.3ab 87.0a
Aerobic stability 33d 59c 85hb 131 a 81b
h

Means in rows with different letters (a, b, c, djat significantly at P<0.05

Table 2:. Microorganisms (Iqgcfu/g of fresh matter) recovered from maize sikage

Time Item Type of silage
Mo | M1 | M2 | M3 | M4

After Clostridium 2.68 a 1.59b 1.09c 101c 141b
opening of  Yeasts 6.96 a 6.60b 6.34 bc 6.12b 6.44 b
the silo Molds 6.81 a 0.00 b 0.00 b 0.00 b 0.00 b
After 7 day Clostridium 210 a 0.81b 0.60 bc 0,45c 0.79b
of air Yeasts 9.11a 8.60 b 8.44 b 7.89c 8.51b
exposure Molds 8.73 a 6.63 b 6.15¢C 5.31d 6.35 bc

Means in rows with different letters (a, b, c, djat significantly at P<0.05

Conclusion

Ensiling maize forage with rapeseed meal allowedttain silages of a very good quality,
with a high resistance to an aerobic deterioratidre best fermentation profile, the longest period
of aerobic stability and the loweslostridium bacteria, yeasts and moulds population, was
characteristic of silages made with the combinatbmapeseed meal,. buchneribacteria and
potassium sorbate. The addition of rapeseed metiletensiled maize forage effected also with
a much higher crude and true protein content ofilages.
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Effect of Bacterial or Chemical Additives on Chemial Composition and
Aerobic Stability of High-Moisture Maize Grain Silages

PYS J. B., KARPOWICZ A., SZALATA A.
Department of Animal Nutrition and Feed ManagemaAgtjcultural
University, Mickiewicza 24/28, 30-059 Cracow, Palan

Introduction

High-moisture maize grain silages are considerezhasof the main high-energy roughages,
which are used in dairy cows and cattle nutritionPioland. Production of a good quality high-
moisture maize grain silages with a low contentuafiesirable fermentation products, little
nutrients losses and a high resistance to an aedebérioration, requires using of silage additives
A similar results were obtained by ensiling highistore maize grain with bacterial inoculants,
containing homo- as well as heterofermentativeidaatid bacteria and propionic acid bacteria
[Dawson et al., 1998; Taylor and Kung, 2002; Kuhgle 2004; Galik et al., 2007; Pgt al., 2009]
or chemical preservatives (propionic and formiaaavith their salts) [Kung et al., 2004; Biro et
al., 2006; Py and Karpowicz, 2008].

Materials and Methods

High-moisture maize grain (cv. Eurostar, FAO 256 ohatter: 659.9 g/kg) was grounded
and ensiled with no additives — MWA or with:actobacillus buchneri 3.0x10 cfu/g of grain) —
MB1 or (L. plantarumand Propionibacterium acidipropionici 3.0x1G cfu/g of grain) — MB2 or
(propionic acid - 50%, formic acid - 50%; prepasatdose - 3 ml/kg of grain) — MC1 or (propionic
acid - 90%, ammonium propionate - 4%, 1.2-propdndit®o; preparation dose - 3 ml/kg of grain)
— MC2. Maize grain was ensiled in 120-| polyethgesilos and stored for 60.days in a room at
15+2°C. In the silages pH, ammonia-N (AMN), ethanol, organic acids (lactic, acetic, butyri
propionic, formic), dry matter (DM), crude protdi@P) and true protein (TP), fiber fractions NDF
and ADF, water soluble carbohydrates (WSC) andclstaontent was determined. The aerobic
stability of the silages was tested for 7.daysnraa-conditioned room in the ambient temperature
of 20+1°C, according to the method of Honig [1990]. Aeroktability was measured by the
number of hours during which the temperature ofdifeges subjected to an aerobic exposure did
not exceed the ambient temperature in the air-tionéid room by 2C. The results were analysed
statistically using one-way analysis of variancd @nkey’s test [SAS, ver. 9.1, 2001-2003].

Results and Discussion

There was no significantly (P>0.05) differencesain ammonia-N and ethanol content
between MWA, M1 and M2 silages. A considerable IlowWE<0.05) protein to ammonia-N
degradation and a great inhibition (P<0.05) of htddfermentation, was found in M3 and M4
silages. This fact resulted from a restrictive uefice of components used as chemical
preservatives, on yeasts and protein-degradingaaturing fermentation process. Ensiling high-
moisture maize grain with bacterial additives effelc with intensive lactic and acetic acid
fermentation of M1 and M2 silages. Whereas chemadalitives decreased lactic and acetic acid
amount in M3 and M4 silages. No butyric acid wasnid in M1, M2, M3 and M4 silages. A period
of the aerobic stability of M1 and M2 silages, wa®-fold longer, while of M3 and M4 silages
three-fold longer, in comparison to MWA silages l§T4). All the additives used did not influence
(P>0.05) DM, CP, NDF, ADF and starch content in sHages obtained. The lowest (P<0.05) true
protein as well as WSC degradation during ferméntgirocess, was characteristic of M3 and M4
silages (Tab. 1).
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Table 1. Fermentation parameters, nutrients contaentl an aerobic stability of high-moisture
maize grairsilages

Item Type of silage

MWA | MB1 | MB2 | MC1 | MC2
Dry matter g/kg 639.2 629.5 631.3 645.0 646.4
pH 4.49b 4.39¢ 4.32 ¢ 4.60 a 4.63 a
NHz-N g/kg of total-N 22.3a 176 a 19.3a 8.1b 9.4b

g/kg of dry matter

Ethanol 15.6a 13.0a 13.8a 51b 59b
Lactic acid 11.0b 14.8a 16.9 a 5.6¢C 4.7 c
Acetic acid 50b 93a 79a 3.1lc 28¢c
Butyric acid 0.3a 0.0b 0.0b 0.0b 0.0b
Propionic acid 0.0c 10b 0.0c 14b 23a
Formic acid 0.0b 00b 0.0b 0.2a 0.0b
Crude protein 93.1 96.8 97.2 98.5 99.4
True protein 72.1b 77.9 ab 75.5 ab 80.6 a 819a
NDF 106.5 105.2 104.6 107.0 107.4
ADF 56.8 56.1 55.2 57.4 57.1
WSC 11.7b 6.0 bc 53¢ 19.3a 215a
Starch 733.8 32.7 731.9 735.2 735.7
Aerobic stability h 55d 115¢ 108 ¢ 166 b 183 a

Means in rows with different letters (a, b, c, djat significantly at P<0.05

Conclusion

Ensiling high-moisture maize grain with chemicagarations allowed to obtain silages of
the greatest resistance to an aerobic deterioratioing air exposure. An increasing level of
propionic acid in a chemical preservative, ensardetter silages resistance to an aerobic spoilage.
Chemical preservatives used in the experiment texbith the best inhibition of protein and water
soluble carbohydrates degradation, during enspitagess of high-moisture maize grain.
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Effect of Inoculation on Fermentation Process and Nritive Value of
Whole-Crop Oat Silages

RAXAKOVAL., MLYNAR R.
Animal Production Research Centre Nitra, Hlohove2k851 41 Luzianky,
Slovakia, e-mail: rajcakova@cvzv.sk

Close relation between degree of ripeness and otnatien of water-soluble carbohydrates
in whole crop cereals influences crucially the kmiity of these feeds. Proportion of glucose and
fructose dominates in the content of cereals dutiedfirst phases of growth. Maximum content of
water-soluble carbohydrates is during the phaseitif ripeness. Their proportion decreases with
gradual ripening and there increases the propodidrigher sugars, which are worse available for
the lactic fermentation bacteria.

The objective of this work was to observe the iefice of biological inoculants on
fermentation process and nutritive value of GP&gsilfrom oats.

Materials and Methods

Stand of oatsAvena sativafor ensilaging was cut in milk ripeness periodptdnts. After
direct harvest (without wilting) was the matter pped and ensilaged in 1.7 | laboratory silos. We
created three variants of silages:

C - control silage, without silage additive,

E1l - inoculated silagdsnterococcus faecium 74, Lactobacillus plantarumLactobacilus
casej Pediococcuspp. Microsil), the application rate 1 ml.Kdeed,

E2 - inoculated silageLactobacillus casei Lactobacillus plantarumm Pediococcus
pentosaceysLactococcus lactisLactobacillus buchneriEnterococcus faeciurand complex of
cellulases and hemicellulases (Goldzym Il SupiB application rate 1.5 ml.Rdeed.

In the course of fermentation were assessed wéighes in silages by weighing in regular
21 days intervals; dry matter losses in silagesewaalculated. Chemical analysis was done in
samples of fresh feeds and silages (Official RepoftMA SK, 2004); results were statistically
processed and evaluated.

The chemical composition of fresh oat before emgilvas as follows: dry matter 281 gkg
crude protein 114 g.kKgDM, crude fibre 298 g.k§DM, ADF 326 g.kg' DM, NDF 578 g.kg DM,
starch 10 g.kg DM, total sugars 141g.KgDM, reducing sugars 78 g.kdOM, fat 23 g.kg' DM,
ash (151 g.kg DM. Content of energy was: ME 8.76 MJkBM, NEL 5.07 MJ.kg' DM, PDI 67.54
g.kg™ DM.

Results and Discussion

The results of analyses of fermentation procesgpaasented in Table 1. It is obvious from
them that the low content of dry matter in ensithgeatter caused intensive course of fermentation
in all silages. We noticed marked butyric fermeptatand heavy proteolysis in the control silage.
Under the influence of inoculation occurred decegiaspH, increase of lactic acid content, marked
decrease in butyric acid, alcohol and ammonia fotl N contents in both experimental variants
of silages (E1, E2). The assessed differences statigtically highly significant.
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Table 1:

Parameters of fermentation processhiola-crop oat silages

Parameters, C El E2 Sﬁ?gf&fis

n=> X s xS X s P <0,05] P <0,01
pH 440 0.16 | 3.73 0.03] 3.70 0.02 C:E1lE2
Acids in g.kg' DM

- lactic 79.64 10.36| 113.3%04 |118.63.86 C:ElE2

- acetic 952 142 | 15.67 1.66] 9.96 1.8y El:ClE2
- propionic 392 186 | 046 0.22| 059 0.32 CRHR1

- butyric + i.b. 4181 6.74 | 214 045 1.05 0.42 cE1,E2

- valeric + i.v. 2.18 154 | 059 0.05( 055 0.0% cE1LE2

- capronic +i.c 0.57 0.11| 029 0.1 0.27 0.1 s BL,E2
\VFA total 58.55 9.77 | 19.15 2.41| 12.42 2.7( C.E®>
Acids total 138.1%.47 |132.5(8B.64 |131.0510.80

Alcohol in g.kgt DM 320 048 [0.86 0.12| 1.07 0.19 C:ELE2
NHs-N of total N in % 21.41 6.04 | 9.63 2.03 9.04 0.77 C:E1,E2

Losses in dry matter that arose during fermentdtimn 2) were highly significantly lower in
the inoculated silages. Dry matter losses weredy 68 % lower in inoculated silages compared
with the non-treated control silage. Differencesoamtested preparations were not statistically
significant. Control of fermentation process by meaf silage preparations increased the content of
metabolizable energy by 0.3 MJkdM and content of NEL by 0.2 MJ.KgDM in produced

silages.

We came to similar results also in our previouseexpents with ensilaging whole plants of
barley and rye (Rajcakova and Mlynar, 2006, 200@her specialists (Taylor et al., 2002, Spann et

al., 2002,

Lingvall et a., 2005, Hargreaves et 2009) confirmed also the improvement in

fermentation process and in quality of producedgsit under the influence of biological silage
preparations in silages from whole crop cereatscitordance with our findings.

Table 2: Content of nutrition and energy in whotegoat silages, in g.ktdry matter

Parameter, C El E2 Statistical differences
n==6 X s X s X s P <0,05 P<0,01
Dry matter 244.89 10.94 267.47 4.50 268.80 2.47 : ECE2
Lossesof DMin% | 15.06 4.36] 538 1.61 4.84 0.90 = O =
Organic matter 928.28 6.7 937.54 1.13 935.16 2.13:E1

Crude protein 113.06 11.87 116.51 19{865.93 4.70

Crude fibre 349.83 21.90 315.77 7.97 310.05 5.63 :ECE2
ADF 385.89 15.78 355.53 11.0®47.17 6.45 C:E1,E2
NDF 644.75 35.80 607.97 20.5603.11 26.92

Hemicelluloses 258.86 21.29 252.44 9.77 255.94 440

Nitrogen free etract |432.23 22.22 475.26 24.078.91 4.09

Total sugars 13.80 8.37] 29.00 2.50 5165 2.10 ECE?2
Reducing sugars 8.53 6.49 32.98 8.09 45.04 5.95 :EXE2
Fat 33.15 2.74| 29.99 192 30.27 1.62

Ash 71.72 6.78 | 62.46 1.13 64.84 2.13

ME in MJ.kg' DM  [8.40 0.07 [8.70 0.02| 8.68 0.02 C:E1,E2
NEL in MJ.k¢"DM [4.81 0.04 |5.00 0.01] 4.99 0.01 C:E1,E2
NEVin MJ.kc'DM [4.43 0.03 |4.65 0.01| 464 0.01 C:E1,E2
PDIN ing.kg'DM [67.93 7.13 | 70.00 11.989.65 2.82

PDIE ing.kg' DM [51.93 5.41 | 52.03 2.27 51.93 0.83

-187-

Forage Conservation, 2010



Conclusion

It is necessary to use biological silage prepanatiwhen ensilaging whole-crop o#@tvena
sativg. They control and improve the fermentation precdsis manifested in decrease of pH in
silages, increase of lactic acid content, and @eserén concentration of butyric acid, alcohol and
ammonia nitrogen.
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Summary

In our work, we observed the influence of two bgital inoculants on fermentation process
and nutritive value in whole-crop silage. We found that the inoculation of oat (milk stage, 281 g
dry matter .kgf) controlled and improved the fermentation procssvell as the whole quality of
produced silages. In treated silages we found higighificant pH decrease from 4.40 to 3.73 and
3.70, increase in content of lactic acid from 7®6.13.3 and 118.6 g.l%gZ)M, decrease in VFA
total from 58.5 to 19.1 and 12.4, as well as dessréa content of ammonia nitrogen from 21.4 to
9.6 and 9.0 %. Under the influence of better feriat@mm in inoculated silages decreased dry matter
losses by 64 — 68 % and increased energy condentMlE by 0.3 MJ.kg DM and NEL by
0.2 MJ.kg' DM).
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Abstract

Aldehydes and ketones are volatile compounds @&fge# which probably affect feed
preference, palatability and intake. a sensitive fast method was developed to determine aliphatic
aldehydes in maize and grass silages. The methwakisd on the solid phase micro-extraction and
on-fibore derivatisation of aldehydes withO-(2,3,4,5,6-pentafluoro)benzylhydroxylamine
hydrochloride (PFBHA). Aldehydes selectively readth PFBHA forming volatile oximes, which
were desorbed in the injection port of a gas chtograph and analysed by mass spectrometry.
Using this method, eight aldehydes were detectednaize and grass silages being ethanal,
propanal, butanal, 2-methylpropanal, pentanal, Sgiieutanal, hexanal and heptanal, at levels
ranging from tens to 200 mg/kg fresh matter.

Introduction

Carbonyl compounds, particularly aldehydes, aresiciemed to be constituents of typical
silage odour together with other volatiles, suchl@aser alcohols, volatile fatty acids, esters,
terpenic and phenolic compounds. These volatile pmorants may affect feed preference,
palatability and intake by animals (Mo et al., 20Ritizsan et al., 2007). Moreover, a possibility of
their carry-over to milk and meat with an impactsamsory properties has been considered (Martin
et al.,, 2005). Volatiles in silages can be produdadng biochemical and microbial processes
during forage fermentation and silage storage.raitee data on the occurrence of aldehydes in
silages are very limited. Aldehydes and ketonesilages were selectively reported in only Langin
et al. (1989) and other works have dealt with aydels merely as a group of determined volatiles.
Similarly, very limited knowledge is available otdehydes effect on ruminant health (Langin et
al., 1988).

Materials and Methods

Samples of farm-scale silages of 8 maizea maysand 13 permanent grass swards were
collected from several farms in South Bohemia dunivinter from large-scale vertical concrete
silos (capacity of hundreds tone) using a core amfrass silages were mostly produced from
first-cut wilted forage. The silages were judged&oof good and medium quality. Silage from the
central part of each silo was sampled and a vi&hafwas filled with the sample (2.0 g) to about
two-third of its volume.

A 65-um(polydimethylsiloxane)/divinylbenzene (PDNDS/B) fibre coating (Supelco, Czech
Republic) was used in this method. a water smhutif PFBHA in avial was loaded onto the
solid phase micro-extraction (SPME) fibre (PDMSB®\at 25 °C for 10 min. Next, the fibre with
PFBHA was exposed to sample vapours in the headsgfaanother vial filled with silage sample
for 8 min at 60 °C. Finally, the oximes of volataldehydes formed on the fibre were desorbed
at the GC injector at 270 °C.

Aldoximes were analysed using a gas chromatogrgpipped with a mass-selective detector
Finnigan GCQ (Supelco, Bellefonte, USA) fitted lwita capillary column Zebron ZB-5 (Sigma
Aldrich, Czech Republic). Analyses were carrietl guInstitute of Systems Biology and Ecology,
Academy of Sciences of the Czech Republic, Laboyaibd Environmental Analytical Chemistry,
Ceské Budjovice.

Eight aldehydes (i.e. ethanal, propanal, butaraigthylpropanal, pentanal, 3-methylbutanal,
hexanal, heptanal) were identified as aldoximescomparison with external standards (Sigma
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Aldrich, Czech Republic) which were prepared imraggly for each run of analyses by the above
described derivatisation procedure. Aldehydes ctntere calculated by comparison of peak areas
of the standards and of the samples. The deteditiaih of all eight low-molecular aliphatic
aldehydes was 0.1 mg/kg fresh matter.

Results and Discussion

The conservation process of all farm-scale maiagess was successful and the silages were
judged to be of good quality. Farm-scale grasgyssawere judged to be of good and medium
duality. Eight aldehydes were detected in silagempdas, being ethanal, propanal, butanal,

2-methylpropanal, pentanal, 3-methylbutanal, helkand heptanal. All these aldehydes were found
in all 21 farm-scale (Table 1).

Table 1: Aldehyde contents (mg'kin farm-scale silages sampled during winter perio

Maize silages Grass silages
Aldehyde n=28 n=13

X SD Range X SD Range
Ethanal 25.8 16.1 9.4-48.2 29.8 14.2 9.9-49.4
Propanal 70.2 17.8 51.3-99.1 76.6 12.0 54.4-97.6
Butanal 77.9 16.9 52.2-100 71.9 17.2 46.1-98.7
2-Methylpropanal  28.9 15.1 10.4-49.0 25.7 15.8 ;2
Pentanal 150 37.8 97.8-200 147 30.3 105-189
3-Methylbutanal 78.3 17.4 50.6-97.3 76.0 18.5 48)0-
Hexanal 153 38.9 97.1-196 150 30.3 104-190
Heptanal 24.4 17.6 7.9-50.3 23.1 11.8 10.3-46.5

X ... mean value; SD ... standard deviation

Krizsan et al. (2007) determined the content oé faliphatic aldehydes in 24 Norwegian
low-DM grass silages. Mean values of 2.67, 0.28646.09 and 9.97mg/kg DM were reported for
the contents of ethanal, propanal, 2-methylpropaamethylbutanal and 3-methylbutanal,
respectively. Moreover, Krizsan et al. (2007) deieed these aldehydes in two samples of initial
herbage, with respective mean contents of 3.33, ®80, 14.70 and 3.14 mg/kg DM. Thus,
herbages seem to vary considerably in levels cietladdehydes in their silages.

Nevertheless, more aldehydes were reported in gmpers in ensiled forage than in the
respective silages. In direct-cut Italian ryegrimsage, three aliphatic aldehydes, 3-methylbutanal,
hexanal and heptanal, were detected at pg/kg lexgls, in poor-quality silage prepared from the
same grass, only ethanal of 28.2 mg/kg was repqiteani and Ohsaki, 1988). No aliphatic
aldehyde was detected among volatiles of red clfMéfiolium pratensg silage (Figueiredo et al.,
2007), while low contents of nonanal and decanakwietected in cut green clover. Some aliphatic
aldehydes in silages originate from plants as ssclaf so-called inducible volatile organic
compounds (for an overview see Holopainen, 2004turdted and unsaturated aldehydes,
preferentially with six-carbon chains, are produdetimediately after plant damage via the
lipoxygenase pathway of fatty acid oxidation. Sabhnges occur after forage crops are harvested.

Conclusions

A very sensitive method for the determination @blehtic aldehydes in silages using on-fibre
derivatisation with PFBHA was developed. The cotgaf several individual aldehydes in maize
and grass silages ranged between tens and huradnedgkg fresh matter.
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Abstract

The aim of this work was the evaluation of influeraf the preserving against the corn-borer
(“ECB”) on the content of yeast and moulds to statehe experiment was used hybrid of maize
with the number FAO 230. It was produced 6 variaftsiaize silage in one repetition (plants were
or were not treated with against corn-borer, antheariant had three alternatives — control, by
a microbial preparation, by a chemical preparatidhvas monitored the content of yeast and
moulds (CFU in 1g) in the day of the opening. Tieated and untreated (against ECB) variants of
corn silage did not show the statistical significdifference in the content of yeasts (treated —
16,9*104 + 18,9*104 CFU; untreated — 24,4*104 123704CFU) and moulds (treated — 8,04*103
+ 15,5*103 CFU, untreated — 9,86*103 + 13,7*1@3U). The influence of used silage additive
was not significant: yeasts (control — 27,9*104 #,94104 CFU; inoculated 18,6*104
+ 21,5*104 CFU; chemical preparation - 15,4*104%7¢104 CFU), moulds ( control — 11,4*103
+13,9*103 CFU; inoculated 4,1*103 * 4,7*103 CFUhetnical preparation - 11,3*103
+16,1*103 CFU). The differences were not evideetween the same silage additives from
different groups (within the treatment against H&B).

Introduction

The maize silages form the main part of the fedfistin the feed mixtures has the maize
silage a yearly using. Thanks to favourable conténsoluble carbohydrates (NFC) belongs the
silage maize to the easily ensilable crops (DOLEZgtLal, 2009). Its quality is given without
a chemical composition and the characteristicshef fermentation process through a hygienic
quality too. The main indicator is the content obutis and yeasts. In this time is presented
European corn borer (“ECB”) as the biggest pegpatticipates on the transfer of mycotoxins in
the plants and on the destruction of the plants.

Yeasts contribute no acid from their fermentatiativity. Being facultative anaerobes they
can grow on the crop and in the silo by convertjhgcose to carbon dioxide and water in the
presence of oxygenin the swath and during the atigatphase of ensiling process (WILKINSON,
2005). Yeasts ferment the residual sugars on ethbloavever they can degrade the made lactic
acid too and decrease the total acidity of sildge activity of yeast is linked to the warming of
silages. According to DOLEZAL (in ZEMAN et al 2008ave the silages additive the inhibitive
effect on the proliferation of yeasts, moulds aadtéria.

Material and Methods

The experiment was run in country Senice na Habév@ see level - 335 m.). In our
experiment was used hybrid of corn with the nuntb&D 230. The plants were protected against
the European corn borer by a chemical prepara@ofi per ha, Integro). After the harvest was the

-192-
Forage Conservation, 2010



matter treated by a chemical preparation (orgaciit llend) in the amount 2I/t and by a microbial
inoculant (15g/t). As the control variant was thiage without the treatment. The size of the
chopped forage was 1-2cm. The matter was compresgbdonserved to the plastic tubs. After the
opening (60 — 80 days) were taken the sampleslafjes and were measured the contents of
moulds, yeasts and total amount of microorganism.

Subsequently followed the serial dilution by a ¢aadf 10. 1 ml of respective dilutions was
transferred on a Petri dish and overflown with wdtmedium. The counts of yeasts and moulds
were estimated on Chloramphenicol Glucose Agark@idiagnostics, France) after 120 hours at
25 oC. It was used for the statistical analysistitesst in the program Statistica CZ.

Results and Discussion

The treatment of maize against ECB did not sigaiftly influence the amount of yeasts and
moulds in the silages. The counts of yeasts andda@re presented in the graph. Generally were
the counts of yeasts and moulds lower in the tdeatariants (yeasts - treated — 16,9*104
+ 18,9104 CFU; untreated - 24,4104 + 37,2*104CFlhoulds treated — 8,04*103
+ 15,5*103 CFU, untreated — 9,86*103 + 13,7*108UJ.

The using of silage preparation did not significafiuence the counts of yeasts and moulds:
yeasts (control — 27,9*104 + 44,9*104 CFU; inocethtl8,6*104 + 21,5*104 CFU; chemical
preparation - 15,4*104 + 11,7*104 CFU), moulds ftrol — 11,4*103 £ 13,9*103 CFU; inoculated
4,1*103 + 4,7*103 CFU; chemical preparation - 1133 + 16,1*103 CFU). The differences were
not detected neither between the silage additis flifferent groups (within the treatment against
the ECB).

The counts of yeasts and moulds

60000 28128

50000

40455
40000 )
34091 O yeasts

28333 @ moulds

30000
22455

20000 - 17273 18182

145
11166
9500 9500
10000 - 727 681 8666
2405 240
14 8 1o|:| |_|15 I_ T —6 ,_FI |_|18

chem.ad. L control

The counts (CRU/Q)

w

control control mic.prep. | mic.prep. | chem.ad. control mic.prep. | mic.prep. | chem.ad. | chem.ad.

untreated | untreated | untreated | untreated t{ealed treated treated treated treated treated
nts

untreated untreated.
Vari

Conclusion

In the results is evident that the treatment agaies ECB did not directly affect the content
of yeasts and moulds in the corn silage. However efffect of treatment against corn borer on the
content of microorganism can be manifested whehuséd a silage additive.
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Introduction

Land used for maize cultivation is increasing inefen. Maize was grown on 12 000
hectares in 2008 (SJV, 2009) and the number ohgeewas presumably increased to 20 000 ha in
2009. As earlier maturing varieties are being dayedl and marketed, maize for silage production
is grown as far north as to the Stockholm areal(59?, 18°3E). To gain knowledge regarding
maize silage production in south Sweden, we peddran study aiming at 1) identifying problems
related to harvest and conservation of maize sikw® 2) investigating maize silage quality on
dairy and beef farms in southern Sweden.

Materials and Methods

The study was performed 2007 on 19 dairy farms @rzkef farms in south Sweden in
collaboration with local advisors from the SwediBhiry Association and The Swedish Rural
Economy and Agricultural Societies. The farmers evirterviewed regarding their maize. The
maize was planted from April 15 in the south uMay 14 further north with an average planting
date of May 1. Twenty-eight different varietiesméize were used on the 25 farms. Both planting
and harvest of the maize were done by machineostatiThe farmers analysed the DM content of
the plants and pinched the maize kernels to deweest date, aiming for a DM content of just
above 30%. The maize was harvested from Septenzben the south farms until November 1 on
the farms further north and yielded, on averagetdihes of DM/ha (from 7 to 16 tonnes of
DM/ha). The maize was precision chopped to 10-15 anoh kernel processors at 1-4 mm settings
were used on the harvesters. The maize was stodeginker silos on 21 of the farms and in tubes
on the remaining four farms. a few of the farmg tised bunker silos complemented with tubes.
Only twelve of the farmers used additives to altteé harvested maize and six of the farmers did
not use any additives at all. The salts and thdsaviere the most commonly used additives.
The average storage time of the silage was 3.5 sveefore feed out and a new surface area of the
silage was reached after an average time of 2.5.dajage samples for analysis of chemical
composition and fermentation characteristics waken from several spots of the surface area of
the bunker silo or of the tube. Two samples forroblogical analysis were taken on each of 13
farms; one sample in the centre and one samplem®0Grom the edges of the surface area of the
bunker silo or of the tube. As there generally weoedifferences in microbial growth between the
two sampling sites, a mean value for each farmwsasl. Results are shown as means or medians
with minimum and maximum values within parentheSnple regressions between variables
measuring silage quality were calculated in MicfoExcel.

Results and Discussion

Silage DM concentration varied from 190 to 450 g#ith an average of 300 g/kg being
harvested from September 12 to November 1. The biidieentration varied from 319 to 565 g/kg
DM and was strongly correlated to the starch comagan (r = - 0.83), which varied from 99 to
419 g/kg DM (Figure 1). The negative correlatiomm@en NDF and starch can be explained by an
increased proportion of the starch-rich cob white tproportion of the fibre-rich stalk was

-195-
Forage Conservation, 2010



decreasing, which could be due to differences & dtarch . NDF ratios between cultivars and
between maturity stages of the maize at harvestaash increases while the NDF decreases with
advancing maturity (Jensen et al., 2005). The ot®dndigestible NDF (INDF) concentration
varied from 132 to 254 g/kg NDF, which could beated to differences in INDF concentrations
between cultivars and between maturity stagesefithize as NDF becomes less digestible as the
crop matures (Jensen et al., 2005). Crude protethd silages varied from 62 to 101 g/kg DM.
Silages generally showed a good ratio betweenclamtid and acetic acid (>3:1), a moderate
ammonium-nitrogen content, alow pH, no or low katyacid and clostridial spore counts
(Tables 1 and 2). The large variations in DM comedions of the silages from different farms

caused large variations in fermentation patternaden silages treated with no or with the same
type of additive.

Figure 1: Relationship between concentrations off\dhd starch in maize silages from 25 farms
in south Sweden (Y = 708 — 1.03%,30.69, r = - 0.83).
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Table 1: The DM, sugar and fermentation productmafze silages treated with no additive on six
farms or with additives applied to the whole hatvelsthe maize crop on 12 of the 25 farms in

south Sweden. Mean values with minimum and maxivalues within parenthesis; n = number of
farms.

Type of additivé
No additive (n = 6) Salt (n =5) Acid (n = 6) mdant (n = 1)
DM, g/kg 260 (190-370) 350 (260-450) 290 (230-330860
Sugar, g/kg DM 11 (8-15) 23 (5-68) 34 (2-83) 17
pH 3.9 (3.5-4.4) 3.9 (3.5-4.2) 4.0 (3.6-4.5) 3.9
NHs-N, g/kg total-N 64 (18-94) 94 (82-106) 64 (51-80) 55
Lactic acid, g/kg DM 93 (30-173) 63 (45-98) 54 (109) 51
Acetic acid, g/kg DM 28 (3-49) 21 (9-36) 14 (7-21) 15
Butyric acid, g/kg DM 0.1 (0.0-0.7) 0.0 0.0 0.0
Ethanol, g/kg DM 6.0 (0.0-20.4) 2.2 (0-5.1) 10.9¢24.4) 5.8

ISalt: Kofasil Majs (Addcon Nordic AS, PorsgrunnyiNay), Acid: Promyr, Proens (Perstorp Inc.,
Perstorp, Sweden), Inoculant: Lactisil Majs (Chart¢éen A/S, Hagrsholm, Denmark)

There were yeasts in many of the silages and sdlages contained moulds with P.
roqueforti as the most common type, which explaitiedheating of silages at feed out, especially
during the summer, reported by 15 of the farmerabl@ 2). Yeast and mould growth in
additive-treated silages could depend on insufficigacking of the chopped maize crop between
each load during filling of the silo and on lowbkah recommended dosage of the additive.
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Table 2: Spores and fungal growth (log cfu/g sampiemaize silage. Median with minimum and
maximum values within parenthesis; n = number oghgas with two samples per farm (one
sample in the centre and one sample 300 mm froradbes of the surface area of the bunker silo
or of the tube). See footnote for table 1.

Type of additive

No additive (n=4) Salt(n=28) Acid (n = 10) olrulant (n=2)
Clostridial spores < 2.0 <20 <20(<20-23) <20
Bacilli spores 3.2(2.0-4.3) 3.0 (<2.0-5.1) 23B(5.2) <20
Enterobacteria Not detected <1.0(<1.0-2.0) <4.0.0-2.0) Not detected
Fusarium <20 <20 <20 <20
Yeasts 6.2 (4.9-7.4) 6.4 (< 2.0-7.4) 3.3(<2.06.5 7.4 (7.2-7.5)
Moulds <2.0(<2.0-2.3) 2.4(<2.0-4.9) <20(<2.0-28) <20

Conclusion

This study shows large variations in DM and nutrieontents between maize silages
produced at farms differing in locations and cuats/used. The variations in chemical composition
of the maize silage probably were related to théuritg stage of the crop at harvest. There was
heating in many of the silages at feed out, whiels wonfirmed by the microbiological analyses.
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Nutrition Value of Mountain Forage by Sheep

HOMOLKA P., KOUKOLOVA V., JANK F.
Institute of Animal Sciencej#&telstvi 815, 104 00 Praha, Czech Republic

Introduction

Grasslands are important in many parts of the dvddr their nexus between feed
production and the environmental impacts and inm@ated flexible combinations of cropping,
pasture and forestry (Lemaire et al., 2005; Gib2005). The ultimate objective in grazing
management is to obtain the optimum balance betweemnimals and the pastures (Van Soest,
1994). Therefore, extensively exploited permaneatmain pasturelands can provide worthwhile
animal performances (Troxler and Jans, 2000). Reduzing of meadows has positive effect in
increasing phytocoenosis and zoocoenosis biodtyems.

Description of the specific mountains forages tgpfor the protected area of KrkonoSe Mts.
National Park is important for knowing of all ntitve factors of broad range of feeds as key
information for understanding of all biochemicabpesses in the rumen of ruminants.

The proposed paper is based on current feed ei@alusystem, with focus on digestibility
mechanisms in relations to forage quality of animatritional needs. The objective of this study
was to estimate the specific mountain forages matgid from KrkonoSe Mts. National Park using
chemical analysis arid vivo procedures.

Material and Methods
Samples descriptiotndividual plants oDeschampsia flexuosa.

Representative (mixed) meadow sample. The expetahematerial (forage samples) were
collected from the observed locality KrkonoSe Miational Park, locality of Zadni Rennerovky in
May 2008.

Forage samples were analyzed for:

Chemical compositionthe samples were analyzed for content of dry ma#sh, ether
extract, neutral-detergent fibre (NDF), acid-de¢etgfibre (ADF), acid-detergent lignin (ADL) and
crude protein (CP). NDF, ADF and ADL were estimadedording to Van Soest et al. (1991). CP
was analysed according to the Kjeldahl method @gigén x 6.25). Ether extract and CF were
determined according to the AOAC (1990).

In vivo digestibility methodsthe in vivo metabolic trials were performed on six weathers
Merino breed (weighing 83®+kg) stabled in balance separators. The forages wiered twice
a ay (7.2 kg of pasture forage/animal/day and Bfkgeschampsia flexuokmimal/day), at 6 a.m.
and 6 p.m. The animals had free access to drinkatgr.

Calculations and statistical analysitatistical analysis of this experiment were prenied
using the statistical programme SAS (SAS Instit2803). Correlation coefficients between
variables were computed using PROC CORR. Treatmeains were compared by Scheffe test of
multiple-comparison procedure at P < 0.05.

Results and Discussion

The original dry matter contents of the pasturaderandeschampsia flexuosaere 20.3 %
and 28.3 %, respectively. The pasture forage wasisted of 23.8 % of CP, 1.9 % of ether extract,
6.0 % of ash and 21.0 % of CF. Fibre fractions adtpre forage, i.e. NDF, ADF and ADL were
72.4 %, 30.9 % and 4.4 %, respectively. The chdmmaposition values ddeschampsia flexuosa
of CP, ether extract, ash, CF, NDF, ADF and ADLa&v2R.0 %, 2.5 %, 5.2 %, 19.1 %, 64.1 %,
28.2 % and 2.9 %, respectively. The chemical coitipasof the estimated feedstuffs were
generally in agreement with the Czech feed tabdenf8er et al., 1994).
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Values forin vivo sheep digestibility of individual nutrients of boforages are given in
table 1. Than vivo digestibilities of DM and OM averaged 72.7 and37% for pasture forage and
73.6 and 75.8 % fobeschampsia flexuosaespectively. Then vivo sheep digestibility of CP
averaged from 79.0 % (pasture forage) to 84.9%s¢hampsia flexuokaAs in the experiment of
Ribeiro et al. (2005), the digestibility of CP tewidto be higher than the digestibility of OM.

Statistical analysis of this experiment were perfed using the statistical programme SAS
(SAS Institute, 2003). The correlations were debeeth among thén vivo sheep digestibility of
individual nutrients. Treatment means for pastorade andeschampsia flexuossere compared
by the Scheffe test at P < 0.05 (table 1). Sigaiftcdifferences (P < 0.05) between the pasture
forage andDeschampsidlexuosain the in vivo digestibilities of CP, CF, NFE and ADF were
observed.

Table 1:In vivo sheep digestibility of individual nutrients andbgs energy of pasture forage and
Deschampsia flexuoganits are in % of absolute dry matter).

Chemical composition Unit Pasture forage | Deschampsia flexuosa
Original dry matter % 72.7 73.6

Crude protein % 79.0 84.5

Ether extract % 65.4 67.0

Crude fibre % 64.1 49.7

Nitrogen-free extract % 77.0 83.1

Organic matter % 74.3 75.8

NDF % 78.1 78.2

ADF % 70.9 62.2

ADF = acid-detergent fibre, NDF = neutral-detergdilire.
Note: Scheffe test of differences for pasture feragd Deschampsia flexuosa where “bold” letters
in row are significantly (P < 0.05) different.

Conclusion

Feed estimation as a set of parameters of the chémomposition andn vivo sheep
digestibility analysis are information importantr fieed quality evaluation. The evaluation of
nutritive value of the specific mountain foragesexessary for reason of landscape conservation
and cultivation, and interactions between plantfehiproductions.
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Effect of Harvesting Corn with Higher Dry Matter on Chemical
Composition and Quality of Silage

LOUCKA R.
Institute of Animal Science, Pratelstvi 815, CS-Q04rague Uhrineves,
Czech Republic, Email: loucka.radko@vuzv.cz

Introduction

In agricultural practice, harvesting of corn in @ptimum stage of ripeness and its proper
preservation are the basic predispositions whengrp assure a high productivity and good health
of cattle. Unfortunately, it happens relatively esftthat the beginning of the harvest period is
defined correctly, i.e. in the optimum stage ofpcripeness, but a great part of produced green
matter is harvested much later on. This causeptublems due to an insufficient compaction of
silage and the resulting final quality of producsithge. Such silage is then less palatable, its
nutritional value is decreased and it containsoesimetabolites and mould toxins; it is also more
vulnerable to degradation and decay.

According to Johnson et al. (1999), Andrae et 200(), Jensen (2005), and Ngonyamo-
Majee et al. (2008, 2009) such factors as hybratunity, and processing all affect digestibilitydan
its nutritive value of produced corn silage. Di Maret al. (2002) concluded that tire vivo
digestibility of silage DM remained constant in tteurse of ripening because a decrease in NDF
digestibility was compensated by the accumulatiostarch in grain.

Cherney et al. (2004) monitored differences amawvidual maize hybrids. Russell et al.
(1992) demonstrated that the differences in thetimtal value of silage were not influenced only
by individual hybrids but also by methods of tikagnd agro-technical measures. Meeske et al.
(2002) and other authors emphasised that the guafliproduced silage may be influenced by
various additives. Conel et al. (2008) found oat the quality of silage was influenced also by
early and late-ripening types of Dry Down and SEagen cultivars.

Material and Methods

Experimental material involved results of chemiaaklyses of maize silages obtained in
laboratories of the company EkolLab Zamberk in ye2062 — 2009. Analytical results were
provided by the firma AgroKonzulta Zamberk. The esiment involved altogether 420 analyses of
produced silage. In Group A, which consisted of @as of silage maize harvested in an optimum
(or in a generally recommended) growing stage (wherso-called kernel milk line passed through
the imaginary line of separation between the statighand the milky base of individual grains in
approximately two thirds of the grain), the reswf210 analyses ranged from 28 to 34 % of DM
content. In Group B, the total number of analyses aiso 210 and the crop was harvested in the
maturity stage with a higher content of DM (34 © %). In this case, the kernel milk line was
visible above the separation line in more than tiiods of the grain and in some grains it was
possible to see a black spot at the end of grdineirirection to the cob (i.e. towards its centre)

The chemical composition of silages was determimgdg the Weende (AOAC, 1995) and
van Soest methods (Van Soest et al., 1991). Acideod and pH were determined by means if
AOAC (1995). The results were analysed statisticaling QC-Expert 3.0 (TriloByte Statistical
Software, 2010).

The aim of these analyses was to evaluate theteffechigher DM content on the quality of
maize silage under practical conditions.

Results and Discussion
In Group A, which involved maize crops harvestedtlie optimum (and/or generally
recommended) growing stage, the average contebivbfvas 317 g, while in Group B (harvested
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later on) the average DM content was 363 g. Paemnet the nutritional value and fermentation of
silages preserved at optimum and increased DM pbate presented in Tab. 1. While statistically
significant differences (P<0.05) between both geowere found out in contents of ash (A), crude
fibre (CF), acid detergent fibre (ADF), starch, pHd lactic acid (LA), there were no statistically
significant differences in contents of crude pnotéCP), fat and neutral detergent fibore (NDF).
There was a difference between our results ancetpoblished by Di Arco et al. (2002), who
observed that the crop maturity decreased the kabofeNDF (P < 0.05). The decrease of NDF
content in whole plants was only relative becalgepercentage share of grains increased to the
detriment of green matter. This was also associatgd an increase in starch content. The
differences between both groups were statistidatiply significant (P<0.01). In the control group
of samples, the starch content was 302 g/kg DMlewhithe experimental one it made as much as
322.5 g/kg DM. Also Di Marco et al. (2002) obsengtigh increase in starch content in course of
ripening of maize crops. In Group B, an increasthan starch content did not influence values of
net energy lactation (NEL), and/or net energy &itening (NEF).

There were highly significant differences (P<0.01Jermentation parameters (and/or in pH
and LA content). Differences in fermentation parsrgwere also highly significant (P<0.01) and
an increase content of LA was found out in silaggzm harvested in an optimum growing stage,
i.e. with the average DM content of 317 g.

Results obtained in Group a were significantly érethan those recorded in Group B. similar
conclusions were published also by Johnson etl@889), Andrae et al. (2001), Jensen (2005), and

Ngonyamo-Majee et al. (2008, 2009).

Conclusions
A higher experimental (i.e. more than 34 %) vsoptimum DM content (28 — 34%) showed

a significantly (P<0.05) negative effect on the miml composition and quality of fermented of
corn silage. The obtained results indicate thatumdactical conditions is can be recommended to
harvest the crop in the growing stage charactetigetthe milk line passing through two thirds of

kernels.

Table 1: Effect of harvesting corn with higher dngtter

Silage DM 280 - 340 g Silage DM 341 - 400 g
Index Unit AVG SX AVG SX
DM g 316.88a 15.13 363.36b 15.22
CP g/kg DM 83.70a 9.46 81.97a 8.70
Fat g/kg DM 32.49a 2.78 33.11a 3.70
A g/kg DM 42.42a 6.26 40.32b 6.70
CF g/kg DM 201.46a 26.75 191.56b 23.35
NDF g/kg DM 454.59a 56.06 455.81a 57.15
ADF g/kg DM 239.34a 38.24 230.66b 35.69
Starch g/kg DM 301.96a 53.23 322.51b 50.63
OM g/kg DM 957.58a 6.26 959.68b 6.70
NEL MJ/kg DM | 6.33a 0.17 6.32a 0.18
NEV MJ/kg DM | 6.31a 0,22 6.29a 0.22
pH 3.63a 0,14 3.70b 0.14
LA g 20.79a 4.98 19.78b 4.14
AA g 5.81a 2.514 5.48a 2.09
BA g 0.12a 0.10 0.13a 0.10
Values within the same row followed by differenpesacript letters are significantly different
(P<0.05)
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Voluntary Dry Matter Intake of Silage from Two Maiz e Varieties in
Cows

LATAL O, POZDISEK J, STYBNAROVA N. JAMBOR V,
VOSYNKOVA B.

'Research Institute for Cattle Breeding, Ltd., Vyakiki 267, 788 13,
Vikyrovice, Czech RepubliéAgriresearch Rapotin Ltd., Vyzkumiik67, 788
13, Vikyovice, Czech RepublithutriVet Ltd., Vidéska 1023, 691 23
Pohoselice, Czech Republic

Introduction

Maize silage is an important component of the fegdations of high-yielding cows. It is
basic forage with a high concentration of energteims of dry matter. The nutritional properties of
maize silage are significant for their use in fegdiations. We cultivated maize varieties thataver
suitable for growth appropriate for the high-quafited production in Czech climatic conditions.
Other varieties of maize in the Czech Republiclianged for environmental reasons. To ensure the
necessary quantity of nutrients and energy in aniligds significant is their concentration in dry
matter as well as the quantity of dry matter thatnals receive through the free availability of
feeds. In this paper we evaluated data on the terylry matter intake of two silages composed of
two maize varieties — CELIO (CE) and CELIVE (CV)uiOquestion was whether there were
differences in dry matter intake and in the feedialyie of the two maize varieties.

Material and Methods

(2010) published by Oseva (Bzenec) Inc. Celio deedras a double cross hybrid with FAO
250, use for silage, CCM and biogas production. fifpe of grain is horse tooth. This variety is
characterized by very good initial development dast growth. It is very adaptable to poor
environmental conditions and it has a very gooasligility and concentration of energy. Celive is
the single cross hybrid with FAO 250 and used fairg The type of grain is horse tooth, as well.
This variety is characterised by high grain yield.growing silage for production, superior quality
of silage is assumed owing to its high contentarfch and energy.

For our study we used the two maize varieties (@E@V) grown in the holdings of the farm
Bludovska Inc. in the locality near the SumperkttBearieties were grown on the same plot, same
maize growing and the same field chopper o 38ptember 2009. The chopped forage was stored
in two small overground pit silos; every pit sil@asv4x7x1.5m in size. The maize silage was stored
for 6 wk. The feeding trial for voluntary dry mattaetake evaluation was conducted on six cows —
crossbreds of meat breeds w@lzech Fleckvielfirom a suckler cow rearing system (675 — 739 kg
LW) in November and December 2009. After weaningmals were in the middle of gestation.
The group of six cows was divided into 2 groupsaid B) 3 cows pee group. Each cow in the
group was fed ad-libitum using feeding troughs (Ristem from Insentec B.V). The feeding
trial was divided into two experimental periods.cEaexperimental period was preceded by
a 10 days habit-forming period. In the first exp@ntal period (lasting 2 wks) cows in group
a were fed by the maize silage made from the Cietyaand the cows in group B were fed by
maize silage made from the CV variety. In the sdoexperimental period (lasting 2wk) the feeds
were exchanged so that different maize varietiag wéfered to animals (group a — CV; group B —
CE).

The nutrients (crude protein - CP, crude fibre - &Rer extract - EE, ash — A, starch - ST)
in samples and the water extract acidity (WEA) @fize silage were analyzed by the Czech State
Standard (CSS) 46 7092 “Method for Feed Testingtrogen free extract (NFE) was calculated.
Neutral detergent digestible fibore (NDFD) and origanatter (OMD) digestibility was determined
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by the in Saccanethod. Lactic acid (LA), acetic acid (AA), propio acid (PA) and butyric acid
(BA) were determined by gas chromatography. The Nt energy of lactation), PDIE (ingested
digestive protein allowed by energy), PDIN (ingestigestive protein allowed by nitrogen) was
predicted by means of regression equations (Pdzdigeal., 2001) and using the equations
described by Sommet al. (1994). The system NE, PDI for the evaluationhaf butritive value is
officially used in the Czech Republic. This systeomresponds to the INRA system (Jarreeal.,
1989). The data were processed using descriptatsstats and General Linear Models with fixed
effects of LW (live weight), method of utilizatioand between effect (day in test) and its
interactions with fixed effects using the SAS® 2@G@ftware package. Post-hoc Tukey's HSD tests
were done. The level of significance was set atOp001.

Results and discussion

The maize silage made from both maize varieties wels fermented. The fermentation in
the maize silage made from the variety Celio ishrsilage was: pH 3.96, WEA 1,012 (KOH mg
/100 g of silage), LA 1.25 %, AA 0.65 %, PA 0.06a&d no BA. The fermentation in the maize
silage made from the variety Celive in fresh silages: pH 3.98, WEA 993 (KOH mg /100 g of
silage), LA 1.28 %, AA 0.54 %, PA 0.04 % and no Bte results for the nutritive value and the
voluntary dry matter intake in hybrids Celio andi@zare shown in Table 1.

Despite the fact that the energy concentration (N\E&s higher in variety CV (6.35 MJ/kg
DM) than in CE (6.27 MJ/kg DM), the total intake BfEL was higher in variety CE due to
differences in the amount of the dry matter intake.

Table 1: Feeding value, digestibility and voluntaiyy matter intake of maize silages made from
the varieties CE and CV

PDIN

V DM CcP EE CF NFE A oM ST OMD NDFD NEL PDIN PDIEPDIE VI**  STD

a b b b b b b b [ c d b b e e
C, 3003 773 328 2052 638.6 46.8 953.2 267.8 7088.2 6.27 4752 68.33 0.696 18.27 14.49
C, 3235 843 329 1783 667.1 37.3 962.7 3329 7135.7 6.35 51.79 71.28 0.726 1751 11.67

Legend: C1 (Celio), C2 (Celive); a= g, b = g/kg D= %, d = MJ/kg DM, f = g/kg LW; VI
(total voluntary dry matter intake), STD (standadw®viation)/group; ** - high significant
(p<0.001) total VI between varieties CE/CV

Due to the use of feeding troughs using the RIQesys(Insentec B.V.) we found a very
significant (p< 0.001) difference in the total dmatter voluntary intake between the two maize
varieties: CE 18.27 g/kg L.W. and CV 17.51 g/kg i\bur used animal breed. Our findings are in
agreement with Ndwigat al. (1990), who investigated a similar issue in ddigifers Holstein
(290 kg LW). Compared to our results, they fourtugher level of voluntary dry matter intake of
maize silage near the value 20.00 g/kg L.W. pH Bvour trial the pH was near 3.96 for CE and
3.98 for CV. Shaveet al. (1984) found dry matter intake for maize silageswaar 22.0 g/kg L.W.
by pH 3.72 in dairy heifers Holstein (260 kg LW)rRandezt al. (2004) also found significant
difference in the dry matter intake in evaluatingize varieties.

The assessed dry matter intake was not influengeddD (CE - 71.0 % and CV - 71.2 %).
The slightly higher value of OMD in the variety A¥ probably caused by the higher content of
starch (see Table 1). The difference in the drytenamtakes between two maize varieties could be
related to the fibre composition and its digestip{DNDF: CE 38.2 % a CV 35.7 %), and further,
partly to the slight difference in the dry mattafue of two different silages.

Sommeret al. (1994) state that for a milk yield of 1 kg (4%)fadn intake of 3.13 MJ NEL
from feeding ration is necessary The theoreticatliiey value from our results on the NEL intake
was calculated for a cow weighing 700 kg LW. adaug to intake of dry matter and NEL for the
tested varieties. Total intake of energy was dididey a value of 3.13 MJ NEL. The energy
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received by one cow fed by the CE variety CE waghdéi by a value that corresponds to the
production of 0.76 kg of milk (4% fat). a mixecefiing ration (about 40% maize silage made from
the variety CE) creates a higher milk productio?50kg of milk (4% fat), than maize silage from
hybrid CV.

Conclusion

Our results show that differences in the dry matitake of maize cultivated from different
maize varieties and types can be expected. Theréif€es in dry matter intake can exceed the total
energy intake the higher energy concentration imetias with lower values of voluntary intake.
Knowledge of the voluntary intake of maize silag@m important indicator for optimal inclusion to
the diets of dairy cows. Our results confirm the tnclusion of Ce maize silage in cattle diets is
an advantage due to the higher voluntary dry mattake and theoretic higher milk production
(+0.25 kg) than by the maize silage from the variéV, although the variety CV has the better
energy value and the better starch digestibility.
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Abstract

In Belgium, silages often show fungal contaminatiBince maize and grass silages are the
major components of ruminant diets during wintespd nutritive and hygienic quality of these
silages is of great importance. Growth of moulds mduce feed intake and cause animal health
problems due to mycotoxins, leading to severe auical losses. At the University College Ghent,
this problem has been investigated from 2006 to92@uring these years, 46 maize silos and
22 grass silos have been investigated. The mastaping fungal species were Penicillium
roqueforti and P. paneum. P. roqueforti was preisen.73% of the investigated grass silages and
in 63.04% of the maize silages, while P. paneum feaad in 45.45% of the grass silages and
78.26% of the maize silages. Thus, the animal he&ks associated with toxigenic moulds and
mycotoxin production in silages should not be uadémated.

Introduction

In Belgium, silages are the most important compor@nruminant diets during winter
(Flemish Authority, dept. Agriculture). Good nutrig and hygienic quality of silages is thus
extremely important (Driehuis and Oude Elferink0@) Mould contamination of silage leads to
reduced feed intake (because of changes in cexiyre and flavour of the silage) and moreover,
some moulds have the ability to produce mycotoxivtsich can harm animal health (Barug et al.,
2006; Fink-Gremmels, 2008; Scudamore and Livesg93)L

Infection of silages with moulds is quite often eh&d at Belgian farms, and is in many
cases due to suboptimal ensiling practices (Relebvak, 2006). Therefore, this issue was assessed
by the University College Ghent in two projectsfirat project “Characterization of fungal species
and mycotoxins contaminating silages in Belgiumihahced by the Belgian Coordinated
Collections of Micro-organisms (BCCM), was startexd2005 and ended in 2008; the second
project“ldentification and control of mould growth in carsed roughages”, which started in 2006
and ended in 2009, was financed by the UniversilfeGe Ghent. From 2006 to 2009, 46 maize
silos and 22 grass silos were sampled by the Usitye€ollege Ghent to determine which fungal
species were found in both visually mouldy and tigatamples. The aim was to find out what
caused mould infection by observing silage charsties and silo management, and to assess the
risk for animal health due to mycotoxins, basedcorrect identification of the fungal species
present in silages.

Materials and Methods

Sampling and mould identification. On Belgian farms, silages contaminated with moulds
were sampled during winter storage / feed-out gefiom 2006 to 2009. Visually uncontaminated
as well as mouldy silage samples were collecteglestionnaire was filled in to collect information
about crop rotation, silo type, ensiling practicese of silage additives, rate of desiling, animal
health, ... Over the years, 46 maize silos and 28sgsdos were examined. Silage samples were
kept at 4 °C for a maximum duration of 48 hoursr Fmuld isolation, silage subsamples were
placed on Potatoe Dextrose Agar in Petri dishesgjaidistant points, kept in the dark for 2-14 days
at 25°C, and the developing moulds were isolatdth(exception ofZygomycetes Moulds were
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sub-cultured and stored for later identificatiomeTisolates were identified at the MUCL and/or at
the laboratory of phytopathology of the Univerditgllege Ghent, using appropriate identification
keys (Samson et al., 2008enicilliumisolates were subjected to further validation.

Validation of morphological identification of Penicillium species. During project
“Characterization of fungal species and mycotoxipataminating silages in BelgiumT.o validate
the morphological identification d®Penicillium species, the DNA sequence from the partial beta-
tubuline gene was sequenced for terverticilRémicilliumisolates at the MUCL (Declerck et al.,
20009).

During project “Identification and control of moulgrowth in conserved roughage#t the
University College Ghent,P. roqueforti and P. paneum were distinguished by Random
Amplification of Polymorphic DNA (RAPD) (Boysen et., 2000) and by macro-morphological
techniques (O’Brien et al., 2008).

Results and Discussion

Table 1 summarizes the identification results @& thoulds isolated from grass and maize
silages from 2006 to 2009. In 2009, only 4 moutdgize silages and no grass silages could be
sampled due to the weather conditions.

The most prevalent fungal species in grass andergiages belonged to thie roqueforti
group (Boysen et al., 2000), beiRy roquefortiand P. paneum The ratio of these two species
varied over the years. Mould growth could ofteralteibuted to suboptimal ensiling practices (too
high DM content, insufficient density, delayed g&gl ...).

Overall, P. roqueforti was the most frequently isolated fungal speciegyraiss silages
(72.73%). P. paneumwas isolated from 45.45% of the grass silagesh But roqueforti and
P. paneumwere present in 36.36% of the grass silages. (Reeicillium species,Trichoderma
species anonascusspecies were also regularly isolated from grdagess.

Table 1: Fungal species found in grass and malages from 2006 to 2009 (isolated from ... % of
the sampled silages).

S ¥ 3 E . E >
ENSILED SAMPLING s § 8§ & T & _ =z ® & B
CROP YEAR E & /8 & £ § 7 § & T § =
= 2 25 2 3% % o3z T 3 3 2 3
e & 88 3 & & = & 5 T 0= &
all (n:22) 7273 4545 3636 2073 1818 909 1364 4335 455 000 000 453
GRAss 2006 (n:10) 5000 S0.00 3000 4000 2000 000 000 000 000 000 000 10.00
2007 (n:3) 2000 2000 2000 2000 2000 4000 000 000 000 000 000 0.00
2008 (a:7) 10000 5714 ST.14 000 1429 000 4236 1490 1439 000 0.00 0.00

A

all {n:44) 63.04 7836 48 3696 2174 870 632 217 000 217 217 217
2006 (n:21) 4286 7616 2381 3333 1420 000 476 000 000 000 475 0.00
MATFE 2007 (n:13) 30.00 8000 6000 6000 46467 2000 667 000 000 000 000 667
2008 (n:6) 66.6] 6667 3335 1667 000 000 1667 1667 000 1667 000 000
2009 (n:4) 10000 100.00 10000 000 000 2500 000 000 000 000 000 000

In maize silages?. paneunwas overall more frequently isolated (78.26%) tRanoqueforti
(63.04%). These fungal species were simultaneopdgent in 43.48% of the sampled maize
silages. Also othdPenicilliumspecies andrichodermaspecies were quite frequently found.
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Conclussions

P. roquefortiandP. paneumwvere the most frequently isolated fungal specidgch was not
surprising since these species are acid tolerahtan grow at low oxygen levels. Various studies
have detected these fungal species as the predammmaulds in different types of silages
(Auerbach et al., 1998; Nout et al.,, 1993; O'Briegnal., 2005). These fungal species have the
ability to produce mycotoxins (Samson et al., 200#@)d mycotoxins were detected in both
unmouldy and mouldy samples (Declerck et al., 2008he fungal species, the level of mould
contamination, nor the absence of visible mouldssdage can dictate the type or level of
mycotoxin contamination (Scudamore and Livesey,8)9€aution is thus required when mould
contaminated silages are being fed.
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Introductions

Maize smut (Ustilago maydiy can create from June until the harvest time greyiulging
galls with sticky and badly smelling, later strongusting mass dkliosporeswhich can infect the
stands, seeds and soil. The occurrence of maizg Isas not been for a long time described as
a disease of the stand edges only as its occurtegsignificantly increased in the last five years
Bochowiak a Skorupska (2006) state that the ditim¢emperature changes in June 2006 were the
main reason behind the incidence of maize smublarfel. Epidemiological study has shown that
20 — 50% of the maize stand was infected during pleriod. Spores are capable to infect only the
following year if ploughed into the soil they caafaly survive for one year and they survive for at
least three years on the soil surface and in thatplremnants. The infection presents itself
especially in the places of mechanical damage q@myin(RIHA, 2006) but the factor of
mechanically damaged maize tissue due to the unfatate climate (drought, dampness) resp. the
lack of moisture followed by rainfall also plays iamportant part. The reduction of smut incidence
is achieved in places where there is a consisteat pontrol as well as limited movement of
mechanization in the fully grown stand and thusplamt damage is limited. As a consequence, the
infection is limited RIHA 2006). Several authors studied the influenterut in maize regarding
the quality of silage and nutritional value. Mastydies have shown that silages made from the
infected maize had low content of mycotoxins ardgeis did not have a harmful effect on the
production and health of cattle. On the other hd&idhter et al. (1994) state that plants infected
with maize smut had lower content of DM, lower @nttof nutrients anchisaccodegradability of
DM and OM did not differ from healthy plants. Howes, sheep ate 28% less of DM from sick
plants than from healthy plants.

Material and Methods

In the model experiment there was used ensilagddenfeom healthy stand with DM of
original weight 358.95 gky (A) and maize plants naturally infected with srilgtiflago maydis
from the same land with the weight of DM below 360 kg* (B). Established were two
experimental variants in three repetitions: Variant control silage, Variant B — experimental
treated — by natural contamination withstilago maydis.Model silages were stored in the
laboratory at average laboratory temperature oR25€ for 180 days. Parameters assessed to
establish the quality of the fermentation procdter she 185 days were as follows: DM content of
silage, pH, water extract acidity (KVV), amountslaétic acid, acetic acid, sume of acids in DM
and contents of ethanol. Analytical procedures vaescribed in our earlier work (DoleZal, 2002).
Silages also underwent microbial analysis and ¢ked amount of microorganisms (CPM), moulds
and yeast-fungi were established.. Results wertsttally processed by using the analysis of
variance and differences between individual growgse analyzed by Scheffe-test in program
STATISTICA 8. Data in the text are presented asaye + standard deviation.
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Results and Discussion

From the outcome of the model experiment in whighibfluence of smutstilago maydiy
infection of maize on the quality of fermentatidrable 1) was studied, it is apparent that the @urs
of fermentation was different due to the differibfyl content of silage biomass. This manifested
itself especially in different pH values, KVV anerfnentation acids. The silage infected with maize
smut had, in comparison with control silage, higtier0.01) concentration of fermentation acids in
1lkg of DM (12,15 %) as compared to 9.37 % and et reflected in the higher value of KVV
(1744.3 mg KOH) as compared to 1498.3 mg KOH in Qff silage.The higher value of titrate
acidity corresponded statistically lower (P<0.09hwhe lower average pH value of silage.There
was found a statistically different (P<0.01) loveaterage alcohol content (0.87 %) in comparison
with the control silage (2.385 %).
In the experimental silage even considering thdistitally lower (P<0.01) DM content
(249.63 g.kg) there was found lower average content of laatid and higher (P<0.05) average
content of acetic acid (0.838 %) in comparison withtrol silage (2.388 %, resp. 0.692 %), which
had a higher DM content (328.70 g¥g Richter et al. (1994) also states lower DM eontin
infected silage as opposed to the silage from Imgatiaize plants. The experimental infected silage
in correlation with lower DM content dischargedagié liquids in ratio of 36.93 I:*tof silage
matter while the control silage due to the highdt Bontent did not discharge any liguids. This
confirmed that the infection of maize stand withusniJstilago maydiy results in lower DM
content (P<0.01) of infected plants.

Table 1: Average characteristics of model maizagsgil from healthy and sick plants of Ustilago
maydis

KvV > acids

Maize DM pH mg LA AA nDM | LA/AA Ethanol | Ammonia

silage | (g/kg) KOH % % % % %

Healthy | 328.70 | 3.865 | 1498.3 [2.388 | 0.692 |9.370 |3.605 |2.385 | 0.040
plants | #19.738 | +0.04 | +37.333| +0.00 | +0.26F | +0.75% | +0.936 | +0.203" | +0.00

Sick 249.63 |3.692 |1744.3 [2.195 [0.838 |12.250 | 2.628 | 0.87 0.035
plants | #5.797 | +0.124 | +253.8 | +0.219 | +0.084 | +1.39" | +0.237 | +0.51F | +0.005

KVV... water extract acidity; LA ... lactic acid; AA. acetic acid; Variants in capitals differ
(P<0.01); variants in lower case differ (P<0.05).

Table 2: Average content of micromycetes i malages (in 1 g)

Micromycetes
Maize silage TAM LAB Total Yeast fungi Moulds
in total Geotrichum
A- Controle 34063636 57100000 46182 450955 227 0
B - Sick plants 54 500 000 63 600 000 11272 11227 45 0

TAM: total amount of microorganisms; LAB:. bacteoflactic fermentation

It is obvious from the results as shown in Tabtha the smutl{stilago maydisinfection of
maize plants also influenced the change in mictammposition of silages. It was confirmed that
the silage prepared from the infected stand wagndised with lower mould content than in the
control silage which corresponds with the resultRichter et al. (1994). The silage from infected
plants also contained higher amount of lactic fertaigon bacteria (63.6*fpin comparison with
control silage (57.1*19. The silage from infected plants had significaihtver yeast fungi content
(24.4% share) from the content in control silagee Filage from infected plants had significantly
higher total amount of microorganisms (TAM) thae #imount diagnosed in control silage. From
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the above stated it is apparent that the infeatiomaize plants with smutJstilago maydis leads

to the overall increase in the amount of microoigras but at the same time it does not lead to the
increase in the amount of micromycetes. This hyggithcan be also supported by the lower DM
content in infected plants which is more convenfenbacterial microflora.

Conclusion

The results of the experiment indicated that thedlusick plants of maize &fstilago maydis
has different effect on the contents of lactic duétteria and the quality of fermentation process.
There were found significant differences in the amignt fermentation characteristics of the
observed model silages. The silage from sick plaftsaize had non significantly lower LA
content, lower pH value, worse ratio of LA:AA buterall higher (P< 0.01) content of acids in the
dry matter of silage. Ethanol fermentation wasigicantly (P<0.01) reduced in silage from sick
plants in comparison with control silage. There fieasd a significantly lower content of moulds
and yeast fungi but on the other hand significahtgher total amount of microorganisms. There
was higher fermentation loss (4.30 %) in the expernital silage from sick plants of maize in
comparison with control silage (3.17 %).
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Abstract

Four fresh crops included whole corn plant, coovet, fodder corn (Darawa) and fodder
sorghum were harvested, chopped and ground limesi@s added to the different crops at the
levels of 0.0, 0.5, 1.0, 1.5 and 2.0% of wet weightl ensiled in plastic buckets with about 2 kg
capacity for two months. Representative samples viaken for determination fiber fractions.
The rate of ruminal degradation of fiber fractiomsre determined using Friesian cows fitted with
rumen cannulate. Results indicated that fresh asieel corn stover showed significantly (P<0.05)
the highest contents of all fiber fractions follaviey fodder sorghum, and fodder corn, while the
whole corn plant had the lowest values. Moreoves,dontents of all fiber fractions increased after
ensiling and tended to decrease with increasindethed of limestone supplementation. Corn stover
silage (CSS) recorded significantly (P<0.05) thghbst values of NDF, ADF, hemicellulose and
cellulose disappearance followed by fodder sorglsilage (FSS) and fodder corn silage (FCS),
while whole plant corn silage (WCPS) had the lowedties. The wishing loss (zero time) of NDF,
ADF, hemicellulose and cellulose of different sdagdecreased significantly (P<0.05) with
increasing the level of limestone supplementatiamarihan 1%. While, NDF, ADF, hemicellulose
and cellulose disappearance at the incubation times 6 to 72 hours increased significantly
(P<0.05) with increasing the level of limestone mamentation up to 1% and decreased
significantly (P<0.05) afterwards. Corn stover gdarecorded significantly (P<0.05) the highest
degradability fractions (a and b) and effectiverddgbility and the lowest undegradable fraction
(u) of fiber fractions followed by FSS, while WCPR&d the opposite trend. The rapid degradability
fraction (a) decreased significantly (P<0.05) viitbreasing the level of limestone supplementation.
While, the potential degradability fraction (b),giadability rate (c) and the effective degradapilit
of fiber fractions at outflow rates 2, 5 and 8%/hicreased significantly (P<0.05) with increasing
the level of limestone supplementation up to 1% asecreased afterwards. However,
the undegradable fraction (u) showed the oppostedt
Keywords: Silage, limestone, fiber fractions, in situ disepmance.

Introduction

In Egypt, the total planted area of corn crop wlagua 1 million feddans, the area of corn
crop used as a silage was 250 thousand feddar2ab@ithousand feddans are cultivated with corn
fodder (National Campaign of Corn Crop Rising, 200Fhe area of corn fodder should be
cultivated with yellow corn hybrids for using asthilage, which the yield of digestible nutrients
per feddan for corn fodder is very low comparechwi¢llow corn silage as well as the two crops
stay in the land nearly similar period (Bendargalet 2003) and will added 0.78 million tons TDN
and 99.91 thousand tons DCP to the feed resounc&gypt (Abou-Slim and Bendary, 2005).
Ensiling fresh corn stover material reduces fielslsks and may produce a more palatable feeding
(Colenbrander et al., 1971). Moreover, it may ofesignificant reduction cost and use of
concentrate feed mixture in Egypt for lactating so(Bendary and Younis, 1997) and lambs
(Ghanem et al., 2000). Since the acids producedteally stop the fermentation, it was found
through research that the addition of ground limestwould neutralize these acids. This makes
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fermentation last longer with more total acids beproduced. The addition of one percent of
pulverized limestone approximately doubles theidaatid content of the resultant silage (Perry and
Cecava, 1995). They also, indicated that the amiditf limestone corrects the normal calcium
deficiency of corn silage. Addition of limestoneaaorn silage-concentrate diet increased plaht cel
wall digestibility by lactating dairy cows (Wheeld980). Ha et al. (1983) indicated that lambs fed
limestone supplementation increased (P<0.05) filigestibility. Froetschel et al. (1991) reported
that limestone additives increased fiber digestybdf wheat silage-based rations fed to Holstein
heifers. Kinal and Pres (1995) reported that adlditbf limestone to the control diet increased
digestibility of fiber. Wagner et al. (2004) foutttht the limestone treatment had a significantceffe
on the fiber digestibility. The objective of theepent study was to investigate the effect of
limestone supplementation on ruminal degradatiodiladr fractions of whole corn plant, corn
stover, fodder corn and fodder sorghum silages.

Materials and Methods

The current work was carried out at Sakha AnimabdBction Research Laboratories,
belonging to Animal Production Research InstituAgricultural Research Center, Ministry of
Agriculture in co-operation with Department of ArahProduction, Faculty of Agriculture, Kafr El-
Sheikh University.

Four fresh cereal crops included whole corn plaatn stover, fodder corn (Darawa) and
fodder sorghum were used to evaluate the effeliinelstone supplementation during making silage
on ruminal degradation of fiber fractions. Wholerrclant was harvested at dough stage of
maturity, corn stover was taken after harvesting ¢dars immediately. While, fodder corn and
fodder sorghum were taken after 50 days from pignfrorage crops were chopped using harvester
chopper machine to 1.5-2 cm of length. Ground limes was added to the different crops at the
levels of 0.0, 0.5, 1.0, 1.5 and 2.0% of wet weigltsiled in plastic bucket with about 2 kg of
weight capacity, pressed by hand to exclude thdrain the silos and sealed with paraffin wax.
Treatments were run in triplicates (three of eadtt)the time of ensiling (zero time) and after
ensiling for two months, representative samplesvaken and dried in a forced air oven at 60 oC
for 48 hours and ground.

Three multiparous Friesian cows were used for $tgdgegradability of different silages.
Ruminal degradability of fiber fractions determinkg in situ nylon bag technique (Mehrez and
Orskov, 1977). The results of fiber fractions dizagrance were fitted to the following exponential
models of Orskov and McDonald (1979) and the degjiad was calculated by using the NAWAY
computer programme with the following exponentialdal:

P=a+b(1l-e-ct)

Where, P = percentage disappearance at time trapidly soluble fraction. b = slowly
degradable fraction. a + b = potential degradabitit= fractional rate constant at which b will be
degraded. t = time. u = undegradable fraction.

Effective degradability of fiber fractions were callated from the rumen outflow rate (K) and
the constants a, b, P and ¢ from the above modelak calculated on P 0.05 per h. The effective
degradability of fiber fractions were calculatedhgsthe following formula:

Effective degradability =a+bH c/(c y HEXP[-(c+K)HT] p

Where, k is the estimated rate of out flow from pheimen and T is the time.

Fiber constituents, neutral detergent fiber (NDBswetermined according to Van Soest and
Marcus (1964). While, acid detergent fiber (ADFiatid detergent lignin (ADL) was determined
according to Van Soest (1963).

The data were subjected to statistical analysisgugeneral linear models procedure adapted
by SPSS for windows (2008) for user’s guide witle-ovay ANOVA. Duncan test within program
SPSS was done to determine the degree of significeetween the means.
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Results and Discussion
Fiber fractions:

Fiber fractions of the different kinds of fresh dges and silages supplemented with
limestone are presented in Tables 1&2. Fresh asitedrcorn stover showed significantly (P<0.05)
the highest contents of all fiber fractions follavky fodder sorghum and fodder corn, while the
whole corn plant had the lowest values, this maythébuted to its grain content. Moreover, the
contents of all fiber fractions increased afterilegs and tended to decrease with increasing the
level of limestone supplementation. These resu#tsraaccordance with those obtained by Hemken
et al. (1971) and Joanning et al. (1981) who irntdi¢dhat increasing grain content led to dilutesl th
fiber components of corn crop. Valdez et al. (198@jcated that cell wall constituents increased
with age till maturity of corn plant. Byers (1988)d Campos and Huber (1983) reported that fiber
fractions contents of silage decreased with limnmesgupplementation.

Table 1: Fiber fractions contents (% DM basis) dfedent kinds of forages.

ltem WCP CS FC FS +SEM
NDF 50.4% 69.50 57.30 63.20 1.72
ADF 29.70 41.6% 33.80 38.40 1.48
ADL 4.15 7.10 4.86 5.9¢ 0.25
Hemicellulose 20.75 27.8% 23.50 24.80 0.74
Cellulose 25.5% 34.5% 28.94 32.50 0.86

a, b, ¢, d: Means in the same row with differeqtesscripts differ significantly at 5% level.

Table 2: Effect of limestone supplementation oerffoactions contents (% DM basis) of different
kinds of silages.

ltems NDF ADF ADL Hemicellulose Cellulose
Kind of silage

WCPS 52.0%2 30.64 4.37 21.38 26.33
CSS 71.38 42.84 7.2¢ 28.52 35.5%
FCS 58.8% 34.8% 5.05 24.00 29.80
FSS 64.93 39.56 6.17 25.37 33.4%
+SEM 1.64 1.06 0.26 0.59 0.81
Limestone %

0.0 61.99 37.11 5.76 24.88 31.35
0.5 61.89 37.04 5.73 24.85 31.31
1.0 61.79 36.97 5.69 24.82 31.28
1.5 61.69 36.91 5.66 24.78 31.25
2.0 61.59 36.84 5.62 24.75 31.22
+SEM 1.64 1.06 0.26 0.59 0.81

a, b, c, d: Means in the same column with diffeseiterscripts differ significantly at 5% level.

NDF disappearance:

The disappearance of NDF of different silages @ashin Table 3. The results showed that
corn stover silage (CSS) recorded significantly Q@8) the highest values followed by fodder
sorghum silage (FSS) and fodder corn silage (F@Bije the whole plant corn silage (WCPS) had
the lowest values. The wishing loss (zero timelNBf- of different silages decreased significantly
(P<0.05) with increasing the level of limestone mementation more than 1%. While, NDF
disappearance of different silages at the differeatibation times from 6 to 72 hours increased
significantly (P<0.05) with increasing the level bifmestone supplementation up to 1% and
decreased significantly afterwards. DisappearafiddDd- for the different silages increased with
increasing its content, indicating a high positbgerelation between them (r = 0.96). These results
are in accordance with those obtained by El Taye#l.e(1984) who found that ruminal neutral
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detergent fiber (NDF) digestion was higher with th& than the .6 and 3.0% limestone diets.
Wagner et al. (2004) found that the limestone mneat had a significant effect on the fiber
digestibility.

Table 3: Effect of limestone supplementation osititn NDF disappearance (%) of different kinds
of silages.
Incubation time (hours)

Items 0 6 12 24 48 72
Kind of silage

WCPS 3.0 9.30 14.04 2168 31.73 37.4fF
CSS 4.53 13.43 2043 3177 46.69 55.1F
FCS 3.28 9.97 14.97 23.1% 33.9f 40.00
FSS 3.89 11.62 1763 274 40148 47.28
+SEM 0.08 0.24 0.36 0.54 0.79 0.93
Limestone %

0.0 3.78 10.07 155% 2446 3627 43.00
0.5 3.78 11.34° 17.06° 26.32° 38.5F° 45.3%°
1.0 3.74 12.62 1856 28.26 40.7F 47.84
1.5 3.66° 11.3%° 17.09° 26.4F° 38.64° 455
2.0 3.58 10.0f 1557 2457 36.40 43.07
+SEM 0.08 0.24 0.36 0.54 0.79 0.93

a, b, c, d: Means in the same column with diffeseipterscripts differ significantly at 5% level.

Table 4: Effect of limestone supplementation orratiggion fractions and effective degradability
(%) of NDF for different kinds of silages.

Items Degradation fractions Effective degradability

a b C u K=0.02 K=0.05 K0.08
Kind of silage
WCPS 3.0 41.72 0.0238 55.23 | 26.1F 17.06 13.258
CSS 451 615F 0.0238 33.98 | 38.3% 24.92 19.27
FCS 3.26 44.65 0.0238 52.00 | 27.89 18.19 14.13
FSS 3.87 5282 0.0238 43.32 | 32.9¢ 21.48 16.63
+SEM 0.08 1.03 0.0002 1.10 0.65 0.43 0.34
Limestone %
0.0 379 48.08 0.02382  48.13 | 29.7F 19.1P 14.668
0.5 3.78° 507> 0.0238" 4556° | 31.69° 20.73° 16.16°
1.0 3.67° 5327 0.024f 43.1F | 3367 22.3% 17.56
1.5 3.6 50.74° 0.0246° 45.65° | 31.77° 20.77° 16.13°
2.0 3.58 48.14 0.0239° 4837 |29.78 19.12 14.6%8
+SEM 0.08 1.03 0.0002  1.10 0.65 0.43 0.34

a, b, ¢, d: Means in the same column with diffeseipterscripts differ significantly at 5% level.

The degradability fractions and outflow rates of NDf different silages kind are presented
in Table 4. CSS recorded significantly (P<0.05) ttighest degradability fractiona&b) and
effective degradability and the lowest undegradditaletion (i) followed by FSS and FCS, while
WCPS had the opposite trend. This may be due t&NIIE content of different silages (Table 2).
The rapid degradability fractiora) decreased significantly (P<0.05) with increasihg level of
limestone supplementation. While, the potentialrdégbility fraction ) and degradability rates)
increased significantly (P<0.05) with increasing thvel of limestone supplementation up to 1%
and decreased afterwards. However, the undegradefuléon (1) showed the opposite trend.
On the other hand, the effective NDF degradabdityoutflow rates 2, 5 and 8%/hour increased
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significantly (P<0.05) with increasing the level bifmnestone supplementation up to 1% and
decreased afterwards. These results are in agréenittnthose obtained by Froetschetl al
(1991), Kinal and Pres (1995), Reserdal. (2003) and Wagneat al. (2004).

ADF disappearance:

The ADF disappearance of different silages are shovilable 5. CSS recorded significantly
(P<0.05) the highest values followed by FSS and ,F@lile WCPS had the lowest values.
The wishing loss (zero time) of ADF of differentagjes decreased significantly (P<0.05) with
increasing the level of limestone supplementatiarerthan 1%. While, ADF disappearance of
different silages at the different incubation timesm 6 to 72 hours increased significantly
(P<0.05) with increasing the level of limestone mamentation up to 1% and decreased
significantly afterwards. The disappearance of ARF the different silages increased with
increasing its content, indicating a high positdegrelation between them (r = 0.95). These results
are in accordance with those obtained by El Tayehbl.e(1984) who found that ruminal acid
detergent fiber (ADF) digestion was higher with th& than the .6 and 3.0% limestone diets.
Wagner et al. (2004) found that the limestone meat had a significant effect on the fiber
digestibility.

Table 5: Effect of limestone supplementation ositun ADF disappearance (%) of different kinds
of silages.
Incubation time (hours)

ltems 6 12 24 48 72
Kind of silage
WCPS 2.48 7.60 11.38 17.48 25.57 30.10
CSS 3.68 11.03 16.7F 25.96 38.06 44.82
FCS 2.86 8.7¢ 13.19 20.39 29.87 35.14
FSS 3.3% 10.1P 15.27 23.63 34.63 40.84
+SEM 0.06 0.21 0.30 0.45 0.65 0.76
Limestone %
0.0 3.15 8.49 12.96 20.38 30.2F 35.88
0.5 3.13 9.6% 14.43° 22.18° 32.38° 38.158°
1.0 3.12 10.91 15.88 23.99 34.64 4057
1.5 3.05 9.6¥ 14.458° 22.2%° 3257 38.23°
2.0 2.98 8.33 12.96 20.46 30.37 35.86
+SEM 0.06 0.21 0.30 0.45 0.65 0.76

a, b, c, d: Means in the same column with diffeseipterscripts differ significantly at 5% level.

The degradability fractions and outflow rates of ADf different silages are presented in
Table 6. CSS recorded significantly (P<0.05) trghbst degradability fractiona& b) and effective
degradability and the lowest undegradable fradfipriollowed by FSS and FCS, while WCPS had
the opposite trend. This may be due to the ADFerunof different silages (Table 2). The rapid
degradability fractiond) decreased significantly (P<0.05) with increasihg level of limestone
supplementation. While, the potential degradabftiagction @) and degradability ratec) increased
significantly (P<0.05) with increasing the level bifmnestone supplementation up to 1% and
decreased afterwards. However, the undegradaldtoinau) showed the opposite trend. On the
other hand, the effective ADF degradability at lmwtf rates 2, 5 and 8%/hour increased
significantly (P<0.05) with increasing the level tifmnestone supplementation up to 1% and
decreased afterwards. These results are in agréemi#nthose obtained by Froetschet al
(1991), Kinal and Pres (1995), Reserdal. (2003) and Wagneat al. (2004).
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Table 6: Effect of limestone supplementation orrattagion fractions and effective degradability
(%) of ADF for different kinds of silages.

Items Degradation fractions Effective degradability

a b c u K=0.02 K=0.05 K0.08
Kind of silage
WCPS 2.4% 3350 0.0238 64.06 |21.0f 13.80 10.74
CSS 3.66 50.2%  0.0239 46.1% | 31.22 20.36 15.77
FCS 2.84 39.19  0.0239 57.97 | 2453  16.05% 12.48
FSS 3.32 455%  0.0238 51.13 | 28.46  18.59 14.47F
+SEM 0.06 0.86 0.0003 0.91 0.54 0.36 0.29
Limestone %
0.0 3.18 4028 0.0234 56.54 24.7P  15.93 12.2F
0.5 3.1%° 4253 0.0238 54.3%5° | 2667 17.5F° 13.64°
1.0 3.07 4502 0.024f 5192 2858 19.1F 15.07
1.5 3.06° 4256° 0.0240° 54.4F° |26.7%° 17.53° 13.64°
2.0 2.98 40.1% 0.023%° 56.9¢ 2480  15.93 12.20
+SEM 0.06 0.86 0.0003  0.91 0.54 0.36 0.29

a, b, ¢, d: Means in the same column with diffeseiterscripts differ significantly at 5% level.

Hemicellulose disappearance:

Hemicellulose disappearance of different silages stiown in Table 7. CSS recorded
significantly (P<0.05) the highest values followeg FSS and FCS, while WCPS had the lowest
values. The wishing loss (zero time) of hemicebelmf different silages decreased significantly
(P<0.05) with increasing the level of limestone @ementation more than 1%. While,
hemicellulose disappearance of different silageketifferent incubation times from 6 to 72 hours
increased significantly (P<0.05) with increasing thvel of limestone supplementation up to 1%
and decreased significantly afterwards. The disagpee of hemicellulose for the different silages
increased with increasing its content, indicatifggh positive correlation between them (r = 0.95).
These results are in accordance with those obtdiyeB| Tayeb et al. (1984) who found that
hemicellulose digestion was higher with the 1.5tttee .6 and 3.0% limestone diets. Wagner et al.
(2004) found that the limestone treatment had mifsignt effect on the fiber digestibility.

Table 7: Effect of limestone supplementation onsitu hemicellulose disappearance (%) of
different kinds of silages.
Incubation time (hours)

ltems 6 12 24 48 72
Kind of silage
WCPS 3.28 9.9T 14.97 23.1% 33.0f 39.99
CSS 5.63 16.5¢ 25.27 39.4% 57.88 68.33
FCS 3.90 11.63 17.63 27.34 40.12 47.34
FSS 4.13 12.33 18.73 29.07 42.6% 49.78
+SEM 0.11 0.34 0.51 0.80 1.17 1.38
Limestone %
0.0 4.30 11.59 17.93 28.37 41.80 48.82
0.5 4.29 12.88 19.43° 30.06° 44.06° 52.06°
1.0 4.28 14.13 20.9F 31.9F 46.26 54.34
1.5 4.22 12.8% 19.458° 30.14"° 44.1%° 52.04°
2.0 4.11 11.53 17.96 28.27 41.94 49.58
+SEM 0.11 0.34 0.51 0.80 1.17 1.38

a, b, c: Means in the same column with differepesscripts differ significantly at 5% level.
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The degradability fractions and outflow rates ofmieellulose of different silages are
presented in Table 8. CSS silage recorded signific§P<0.05) the highest degradability fractions
(a&b) and effective degradability and the lowest unddgble fractiony followed by FSS and
FCS, while WCPS had the opposite trend. This magugeto the hemicellulose content of different
silages (Table 2). The rapid degradability fracti@ decreased significantly (P<0.05) with
increasing the level of limestone supplementatibne potential degradability fractiorb)( and
degradability rate d) increased significantly (P<0.05) with increasitite level of limestone
supplementation up to 1% and decreased afterw&tdaever, the undegradable fraction) (
showed the opposite trend. On the other hand, fieetiwe hemicellulose degradability at outflow
rates 2, 5 and 8%/hour increased significantly (Bs0with increasing the level of limestone
supplementation up to 1% and decreased afterwditsse results are in agreement with those
obtained by Froetschet al (1991), Kinal and Pres (1995), Resertal. (2003) and Wagnest al.
(2004).

Table 8: Effect of limestone supplementation orrattagion fractions and effective degradability
(%) of hemicellulose for different kinds of silages

Items Degradation fractions Effective degradability

a b c u K=0.02 K=0.05 KO0.08
Kind of silage
WCPS 4.1% 56.04  0.0239 39.8%4 | 35.03 22.8f 17.65
CSS 5.60 76.26  0.0239 18.1% | 47.48  30.79 23.77
FCS 4.70 64.07 0.0238 31.23 | 39.92 26.17 20.04
FSS 4.98 67.80  0.0238 27.22 | 4222 2742 21.18
+SEM 0.07 0.98 0.0002 1.05 0.61 0.41 0.32
Limestone %
0.0 4.96 64.07 0.0236  30.97 39.60 25.46 19.52
0.5 4.9%° 66.58° 0.0238 285%° |415%° 27.07°  20.9%°
1.0 4.85° 69.04 0.0246° 26.12 43.48  28.97F 22.37
1.5 4.86° 66.63° 0.0239® 2857 |4157° 27.07°  20.96°
2.0 4.74 63.89 0.024f 31.37 39.62 25.49 19.57
+SEM 0.07 0.98 0.0002  1.05 0.61 0.41 0.32

a, b, c, d: Means in the same column with diffeseipterscripts differ significantly at 5% level.

Cellulose disappearance:

Cellulose disappearance of different silages aogvahin Table 9. CSS recorded significantly
(P<0.05) the highest values followed by FSS and ,F@lile WCPS had the lowest values.
The wishing loss (zero time) of cellulose of diffat silages decreased significantly (P<0.05) with
increasing the level of limestone supplementati@marthan 1%. While, cellulose disappearance of
different silages at the different incubation timeem 6 to 72 hours increased significantly
(P<0.05) with increasing the level of limestone mamentation up to 1% and decreased
significantly afterwards. The disappearance ofutedle for the different silages increased with
increasing its content, indicating a high positdegrelation between them (r = 0.95). These results
are in accordance with those obtained by El Tayed. €1984) who found that cellulose digestion
was higher with the 1.5 than the .6 and 3.0% liomstdiets. Wagner et al. (2004) found that the
limestone treatment had a significant effect onfither digestibility.

The degradability fractions and outflow rates dfutese of different silages are presented in
Table 10. CSS recorded significantly (P<0.05) thghést degradability fractionsa&b) and
effective degradability and the lowest undegradditaletion (i) followed by FSS and FCS, while
WCPS had the opposite trend. This may be due tocéllelose content of different silages
(Table 2). The rapid degradability fractios) decreased significantly (P<0.05) with increadimg
level of limestone supplementation. While, the ptité¢ degradability fractionk) and degradability

-219-
Forage Conservation, 2010



rate €) increased significantly (P<0.05) with increasthg level of limestone supplementation up
to 1% and decreased afterwards. However, the uadable fractionu) showed the opposite trend.
On the other hand, the effective cellulose degritilabt outflow rates 2, 5 and 8%/hour increased
significantly (P<0.05) with increasing the level bifmnestone supplementation up to 1% and
decreased afterwards. These results are in agréenittnthose obtained by Froetschetl al
(1991), Kinal and Pres (1995), Reserdal. (2003) and Wagneat al. (2004).

Table 9: Effect of limestone supplementation osiin cellulose disappearance (%) of different
kinds of silages.

Items Incubation time (hours)

0 6 12 24 48 72
Kind of silage
WCPS 3.07 9.34 14.09 21.76  31.8% 37.55%
CSS 4.20 12.46 18.88 29.40  43.18 50.9%
FCS 3.50 10.52 15.9f 24.64  36.05 42.60
FSS 3.93 11.74 17.82 27.6% 4059 47.82
+SEM 0.06 0.20 0.28 0.42 0.60 0.70
Limestone %
0.0 3.73 10.0% 15.47 2444  36.22 42.84
0.5 3.72 11.28° 16.97° 26.16° 38.37° 45.18°
1.0 3.7% 12.53 18.43 27.96  40.46 47.48
1.5 3.65° 11.26° 16.98" 26.24° 38.3F° 4527°
2.0 3.58 9.97 15.52 2449  36.28 42.93
+SEM 0.06 0.20 0.28 0.42 0.60 0.70

a, b, c: Means in the same column with differepesscripts differ significantly at 5% level.

Table 10: Effect of limestone supplementation gyrat#ation fractions and effective degradability
(%) of cellulose for different kinds of silages.

Items Degradation fractions Effective degradability

a b c u K=0.02 K=0.05 KO0.08
Kind of silage
WCPS 3.06 41.88  0.0238 55.06 |26.20 17.1% 13.2¢
CSS 4.1 56.86  0.0238 38.97 |35.4% 23.08 17.8%
FCS 3.48 4753  0.0239 49.00 |29.760  19.37 15.03
FSS 3.91 53.44  0.0239 4265 |33.3% 21.7P 16.82
+SEM 0.06 0.78 0.0002 0.83 0.49 0.33 0.26
Limestone %
0.0 3.76 48.02 0.023%  48.27 29.69  19.08 14.64
0.5 3.7%° 50.39° 0.0238" 45.96° |3153° 2063° 16.04°
1.0 3.66° 52.8F 0.024f 4353 33.47 2219 17.44
1.5 3.60° 50.42° 0.0246° 45.98° |3158° 20.63° 16.02°
2.0 3.58 4799  0.0239° 48.46 29.67  19.07 14.60
+SEM 0.06 0.78 0.0002  0.83 0.49 0.33 0.26

a, b, ¢, d: Means in the same column with diffesaipterscripts differ significantly at 5% level.

Conclusion
From these results it could be concluded that duktian of limestone at the level of 1% of
wet weight at making of silage improved the fib@rctions disappearance.
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The Influence of Additives for Qualitative Parametes of Silage Feeds

KUBAT VI? LAD F!, CERMAK B!
Y Department of Genetics, Animal Breeding and NuamitiFaculty of
Agriculture, University of South Bohemia, StudeftsR, 370 05Ceské
Budtjovice, Czech Republi® Department of Nutrition and Feeding of Farm
Animals, Institute of Animal Scienceiakelstvi 815,
104 00, Praha Ukneves, Czech Republic

Introduction

Current aspects of silage quality assessment aadofigrass silage additives described
Richardt (2007). Essentials and principles of sildgeatment described Pahlow (2007). Silage
additives have an ability of improve the fermemmtprocess in the present of nutrient losses
minimalization during conservation. Addition ofctec fermentation bacteria caused on file of
observed silages the increase in lactic acid andredtuction (Hejduk and Dolezal, 2004).
Biological additives caused faster pH decrease apetpwith a control silage without additives,
especially in inoculates with LAB or with an additiof saccharolytic enzymes (Woolford, 2004).
It conduce to the rapid decline of coliform bacerhigher pH decrease intensity and to the
proteolysis finish. In the silages preserved by mseaf the biological additives, there is the
fermentative process faster finished and it is ipessto feeding them earlier than the silages
without preserving agents and chemical additives.

Material and Methods

In the experimental observation there was 42 sanpfeclover-grass silages from the
working conditions in a piedmont area. Samples wdiréded into three groups. There was
14 silage samples from the first cutting on exgngup. In the first group there were silages withou
preserving agents, the second group presentecesilaith bacterial preparation and in the third
group there was used bacterial - enzymatic preparaiutrient analyse, acids content in silage,
pH, degree of proteolysis was determined by UKZUghnds.

We tested six kinds of silage supplements in clgrass silages — bacterial - enzymatic
additives GOLDZYM, BACTOZYM , FEEDTECH F 3000; kadal additives MICROSIL,
SILLA-BAC, SILL-ALL 4x4.

Nevertheless, most of the cited papers dealt with testing of biological additives in
laboratory-scale experiments.

The aim of this work was evaluate the effect oftbéaal and bacterial enzymatic additives for
gualitative parameters of silage from die back gitands under farm-scale conditions. Moreover,
the effect of inoculants on fibre composition waaleated.

Results and Discussion

Table No. 1 shows the results of statistical exatom of fermentative characteristics, lactic
acid, acetic acid, pH values, degree of proteolgsid nutritive value characteristics NDF, NEL,
CP. Statistically evidential differences in lacticid content between the control group and the
group with bacterial additive (P<0,05) and bacterenzymatic additive (P<0,05) was found. Other
fermentative and nutritive value characteristic®E\NEL and CP) in silages, where the bacterial
and bacterial - enzymatic additive was used arésstally nonsignificant. Woolford (2004)
described, that the biological additives causetefgsH decline compared with the control silage
without additives especially in inoculants with LA#Bone or with saccharolytical enzymes addition.
It conduce to the fast coliform bacteria declinghker intensity of pH decline and to the proteys

stopping.
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Table 1: Mean values of fermentation charactergstn = 14)

Control grou . ... | Bacterial -
without E?addiit)ive Bacterial additive enzymatic additive

Milk acid g.kg" DM 65,24 a 79,80 b 85,90 b

Acetic acic gk DM 22,40 a 26,70 a 21,80 a

Butyric acid gkj DM 1,3a 1,7 a 0,8a

pH 451 a 4,37 a 4,30 a

Degree of proteolysis % 10,03 a 8,4 a 8,0a

CP g.Kg DM 154,1 a 148,7 a 157,5 a

NDF g.K§ DM 462,3 a 4592 a 4527 a

NEL MJ.kKg DM 5,34 a 5,42 a 5,47 a

Dry matter 9.kg 3445 a 333,1a 3294 a

a,b, means with the others indexes, significiferénce in rows (R0,05)

Conclusion

It was made evaluation of fermentative characiesstt choice clover-grass silages.
The clover-grass silages were separated into threeps. First group was without preservation
additives, second group with bacterial additive il group with bacterial fermentative additive.
It was discovered statistical significant differerat milk acid content between control group and
group with bacterial fermentative additive (P<0,881 bacterial - enzymatic additive (P<0,05) was
found. The silages with additive had higher fermtimé quality in all cases. It was discovered trend
to reduction of NDF values with maintainance ofrggecontent. Fermentation parameters did not
differ significantly between the variants treatedhwLAB inoculants or with LAB + enzymatic

additives.
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