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Abstract

Maize and grass silages are commonly used as ffiegidmaterials for dairy cows in Europe
and are becoming common parts of dairy cow ratiorther parts of the world. The nutritive
value of maize and grass silages varies greatlytolwariation in chemical composition. A
combination of different factors such as the usevafous cultivars, fertilization practices,
growing conditions, harvesting technology, matusdtyharvest and ensiling conditions cause
this variation in chemical composition. The firsmaof this thesis was to investigate
relationships between the chemical composition dhd in situ rumen degradation
characteristics anth situ mobile nylon bag digestibility of dietary nutrisnof maize and
grass silages. Maize and grass silages with a bievagk in chemical composition and quality
parameters were selected from different Dutch coroi@efarms. The broad range in the
chemical composition of the maize and grass silagseslted in a large variation in rumen
degradable fractions of dry matter (DM), organictiera(OM), crude protein (CP), neutral
detergent fibre (NDF) and starch. The intestingledtibility of CP, NDF and/or starch was
affected by the concentration of these componentthé maize and grass silages, by the
rumen incubation time and the rumen escape corfRagression equations were developed
describing relationships between the chemical caitipa and thein situ ruminal and
postruminal degradation characteristics of dietamyrients of maize and grass silages. A
number of the developed regression equations pes@nthis thesis can be used for accurate
and rapid estimation of the ruminal and postrumithedradation characteristics of dietary
nutrients of maize and grass silages, without cotidlgi time consuming and expensinesitu
experiments. The second aim of this thesis wagterchine whether three cows are sufficient
to cover the variation between individual cowsrirsitu rumen degradation characteristics of
dietary nutrients of maize and grass silages. Sagmit differences F<0.05) were found
between individual cows for a number of parametér®BM, OM and CP of maize silages,
indicating that four or more cows should be usednfdon bag incubations of maize silages.
For grass silages, no significant differendesQ.05) between individual cows were found for
all the parameters of DM, OM, CP and NDF. The isssliggest that using three cows are
sufficient for nylon bag incubations of grass s#agnd pooling of rumen incubated residues
is allowed to obtain a representative sample. Tird tiim of this thesis was to compare two
fractionation methods; the washing machine methmmbleamodified method, for nitrogen (N)
and starch fractions of maize silages and N frastiof grass silages. The N and/or starch
fractions of maize and grass silages determinadguke washing machine method (washing
with water for 40 min) and the modified method (ghg with buffer solution for 60 min)
were compared. The different methodological apgreacof both methods resulted in
different values for the washout (W), the solul8¢ énd the non-washout (D+U) fractions of
N of maize and grass silages and for the W, thelubée washout (W-S) and the D+U
fractions of starch of maize silages. The lossnsbiuble small particles of starch was less
during shaking of nylon bags in buffer solutiongmared to washing nylon bags in the
washing machine. Therefore, large differences wWetmd between the D+U fractions of
starch determined by both methods compared to #i¢ fitactions of N of maize silages. The
developed regression equations for W, S and D+ttifrnas of N in grass silages and for D+U
fractions of starch in maize silages determinedbbyh methods can be used for rapid
estimation of these fractions from chemical chandstics of maize and grass silages. The
information on nutrient bioavailability of maize dugrass silages presented in this thesis can
be used to more accurately formulate dairy rationtérms of maintenance, health and
production of dairy cows.
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CHAPTER 1

General introduction




Chapter 1

Milk production, meat production, growth and penfiance of ruminants depend on the

animal's potential (genetics) as well as on thel fedake and the nutritive value of the

consumed feeds. Forage intake and nutritive vaheeimportant for animal health and

welfare, which correlate strongly to overall anim@@rformance. The nutritive value of

forages is largely determined by the energy andriemit concentrations and their

bioavailability, but also factors such as palaiéhilcontaminations and physical aspects.

Forage composition can be highly variable due torayst others, forage genotype, cultivars,

maturity stage, fertilisation level, soil type, mltic conditions, storage and preservation
methods (Hoffmaret al., 1993; Vanhatalet al., 1996; Elizaldezt al., 1999). Major factors

affecting forage quality and ultimately animal merhance are shown in Figure 1.

ANIMAL PERFORMANCE
Nutrients utilized per unit of time
(True feeding value)

PLANT-ANIMAL COMPLEX

Balance of nutrients relative to need
Extent of digestion of nutrients

Rate of digestion of nutrients

Effective utilization of digested nutrients
Auvailability and palatability (selection)
Level of intake

Response to antiquality factors

Interaction with supplements

@ntlal forage feeding

) N

-

Potential animal

value performance
/@ml nutritive wA/anuallty factors Potentlal intake ( Genetlc factors Physiological Environmental
\ value factors factors
Genotype Climate Genotype Age Climate
Plant part Soil Body size Body condition Pests
Maturation Pests Sex Health Herd effects

Figure 1 Major forage and animal factors affecting animaffprmance (Martest al., 1988).



General introduction

Maize and grass silages are commonly used as ffiegidmaterials for dairy cows in Europe
and North America (Dawsost al., 2002, Ettle and Schwarz, 2003) and are becoming
common parts of dairy cow rations in other partshef world. Grass silage protein is more
degradable in the rumen than that of grass hayrast grass, due to the fermentation process
during ensiling (De Boevest al., 2004). Maize silage, with its high energy and jorotein
content, can replace up to 66 % of grass silaghardiet of dairy cows without a decline in
milk yield (O'Maraet al., 1998). Keadyet al. (2008) also reported positive effects on feed
intake of dairy cows when grass silage was pantliotally replaced by maize silage. Maize
silage is a low cost energy source (starch and)fised can replace ration concentrates to a
certain extent which ultimately reduces feed co$ie chemical composition of maize and
grass silages varies between different cultivarssiliag conditions, growing conditions,
fertilisation, harvesting practices, and maturityharvest (Conet al., 1999; Fernande al.,
2004; Gonzélezt al., 2010). A broad range in chemical compositionnaize and grass
silages is used in practice. The research desciibe¢lis thesis focusses on effects of the
broad range in the concentration of chemical coreptson the feeding values of maize and
grass silages for dairy cows, determined by itheaitu nylon bag and mobile nylon bag
(MNB) techniques.

Modern ruminant feed evaluation systems aim tareg# the bioavailability of energy and
nutrients of feedstuffs. This information on nuttidioavailability is important to optimize
ration formulation for ruminants in terms of perfance, nutrient losses, animal well-being
and economical profitability. Severah situ, in vitro and in vivo techniques have been
extensively used to measure nutrient digestionooicentrates, feed ingredients and forages
fed to ruminantsln vivo techniques, although by definition involving theasurement on the
species of interest thereby being appropriate, adien expensive, labour intensive, time
consuming and subject to errors associated wittkensirand inherent animal variation (Stern
et al., 1997). A number aifn situ andin vitro laboratory techniques have been developed and
used as alternatives to vivo measurements to predict the rumen degradatiorirdestinal
digestion of dietary nutrients of different feedgiedients (Sterret al., 1997).In vitro
techniques are less laborious, less time consurbirigare more suitable for large scale
evaluation of ruminant feeds (Stest al., 1997). Amongin vitro techniques, the gas
production technique has been widely used in teetlso decades (Coret al., 1996) for
accurate determination of the level and rate ofratgtion of feedstuffs by obtaining large
numbers of data points, more than othewnitro andin situ techniques (Huhtaneet al.,

2008). However, using the gas production technithedilution of ruminal inoculum, type of

3



Chapter 1

buffer, particle size and the diet of the donomzais affect the results (Coree al., 1989;
Sternet al., 1997). Then situ nylon bag technique is another method to estirreteuminal
rate and degree of degradability and intestinakrekegf digestibility of different chemical
components like dry matter (DM), organic matter (Qktude protein (CP), neutral detergent
fibre (NDF), starch and minerals (Harazenal., 2002; Homolkeet al., 2008; Jatik et al.,
2008). The advantage of the situ nylon bag technique is that the digestive protakes
place in the rumen (nylon bag technique) and imesfMNB technique) of live animals
(Sternet al., 1997).

In situ nylon bag technique

The in situ nylon bag methodology is considered a referencthadelogy in many feed
evaluation systems (e.g. Dutch DVE/OERB system, Nordic NorFor system, Feed into Milk
(FiM) system and French PDI system) to determimertimen degradation characteristics of
the dietary nutrients of different feedstuffs (DeeBeret al., 2002). Several factors affect the
estimates of thén situ rumen degradation of nutrients, including bag aathple size, bag
material and pore size, sample processing, anine) dnimal effect, feeding level and
feeding frequency, bag insertion and removal proges] rinsing procedures, mathematical
models, correction for microbial contamination, ubation time period and number of
replicate animals and bags required to obtain tepéa estimates of ruminal degradation
(Michalet-Doreauet al., 1992; Vanzantt al., 1998). Several suggestions are discussed in
different studies to standardize the situ procedure but the lack of a standard rinsing
procedure and correction for microbial contamirated rumen incubated residues are the
major factors which cause variationimsitu results (Lindberg, 1985; Vazasat al., 1998).
The in situ methods used to estimate the feeding value ofrramifeeds are based on the
characterization of nutrient fractions, the rumegrddation characteristics and the intestinal
digestibility.

Using the nylon bag technique, the dietary nutsesftfeeds are divided in washout (W) and
non-washout (D+U) fractions. The W fraction cartfier be divided into two parts; a soluble
(S) fraction which contains all the soluble computseof dietary nutrients (Gierug al.,
2005) and an insoluble washout (W-S) fraction, Whaontains small insoluble particles
which escape the nylon bags during washing orrqngile Jonget al., 2009). As starch is
insoluble by definition, there is no S fraction fstarch. Therefore, the W-S fraction is
considered as the W fraction for starch (Cena., 1989). In maize and grass silages, the W-

S fraction for nitrogen (N) is very small or negftilg, and the S fraction is considered as the
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W fraction (de Jonget al., 2013). The D+U fraction after nylon bag rumenubations is
divided into a potentially rumen degradable (Dxfien and rumen undegradable (U) fraction
of dietary nutrients. The feeds are incubated ftfertnt time periods in the rumen of dairy
cows to find the degradation of different nutriendicrobial contamination of rumen
incubated residues after specific incubation peridésturbs the accuracy of results. The
degradation rate of the D fraction can be calcdlatsing two options; one is the use of a
fixed value of U at 336 h and the other is to eatenthe U fraction based on the model used
for calculation of degradation rate. For the caltioh of the degradation rate for different
nutrients (especially NDF), the use of a lag timealso important. The effective rumen
degradability of nutrients can be calculated uslatermined degradation rate and assuming a
certain rumen passage rate for each nutrient. &iguwhows the different steps involved in the

in situ rumen degradation of dietary nutrients for maize grass silages.

MAIZE AND GRASS
SILAGES

|

Dry matter
Organic matter
Crude protein
Neutral detergent fibre
Starch (maize silage only)

Washout fraction Non-washout fraction
(W) (D+U)
Soluble fraction Insoluble washout fraction In situ nylon bag rumen incubations
® (W-5) vion bag
Rumen degradable fraction . Assumed rumen Rumen undegradable fraction
Degradation rate
(D) passage rate U)
Effective rumen degradation Rumen escape fraction

Figure 2 In situ rumen degradation of dietary nutrients of maizé grass silages.
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In situ mobile nylon bag technique

Thein situ MNB technique is used to estimate the intestingésdibility of dietary nutrients
of feedstuffs (Vanhatalo and Ketoja, 1995; Daneds@araret al., 2010; Gonzélezt al.,
2010). After a pre-incubation in the rumen andetpeatment in pepsin-HCI solution, mobile
nylon bags are inserted in the duodenum throughrawa and are collected either at the
ileum or in the faeces, determining the digestipilin the small intestine or in the total

intestinal tract.

MAIZE AND GRASS
SILAGES

l

Crude protein
Neutral detergent fibre
Starch (maize silage only)

l

Rumen incubations
Starch 6 h
Crude protein 12 h
Neutral detergent fibre 24 h

v
Pre-treatment
(Soaking in 0.004 M HCI solution
and pepsin-HCI solution)

)

Insertion in duodenal cannula

Collection at ileal cannula Faecal collection
A4 A
Small intestinal digestibility Total intestinal tract digestibility

Y

Total tract undigested fraction

Figure 3 In situ mobile nylon bag intestinal digestibility of dieganutrients of maize and

grass silages.
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Factors affecting the results of the MNB technigue bag size, porosity of the bags, retention
time, bag recovery site, sample to surface ratiopen incubation period and microbial
contamination (Vanhatalet al., 1996; Hvelplundt al., 2009; Danesh Mesgaranal., 2010).
Different pre-incubation periods in the rumen aseommended for different nutrients to
cover the rumen degradation. The rumen incubateno@ affects the intestinal digestion.
With an increase in rumen incubation period, thestinal digestible content decreases (Cone
et al., 2006). Pre-treatment of mobile nylon bags corngi rumen incubated residues in a
pepsin-HCI solution also plays an important roleha final intestinal digestibility of dietary
nutrients. Pre-treatment with a pepsin-HCI solutisnrecommended by feed evaluation
systems to cover the abomasal digestion or digesticutrient between the rumen and the
duodenum. Jarost al. (1994) concluded that the MNB technique provideésie measure of
intestinal digestion of dietary nutrients. Figursi®ws the different steps involved in fime

situ MNB incubations of dietary nutrients for maize agrdss silages.

Estimation of rumen degradation characteristics and intestinal digestibility

Various ruminant feed evaluation systems such @®WE/OEBy;0system (Van Duinkerken
et al., 2011) in the Netherlands, the FiM system (Thqr2@94) in the UK, the PDI system
(Vérité et al., 1979) in France and the Nordic NorFor systemiq&io, 2011) use simple
models or prediction formulas to estimate the runtmgradability and the intestinal
digestibility of DM, OM, CP, starch and NDF of maiand grass silages. These prediction
formulas have been derived from data of diffei@rditu experiments which were performed
at different institutes under various experimemi@hditions (incubation protocols, chemical
analyses procedures, nylon bag quality, etc.) andlifferent scientific purposes, 20 to 50
years ago. The variability in the data, therefemtains an unknown variation due to factors
that are not related to animals. In addition, neaize and grass genotypes and varieties have
been introduced over the past decades, which datijpadcharacteristics are not included in

the existing database, making the existing dataleaseadequate for current use.

Variation in the chemical composition

To determine the feeding value of maize and gréages for dairy cows to optimize returns

for dairy farmers, the variability in the concetitva of their chemical components should be
taken into account. The nutritive value of maizel gmass silages and the other ruminant
feeds is determined by the variation in the corregioin of their chemical components as well
as the extent and rate of degradation of the dietartrients (Getachevet al., 2004).
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Therefore, the information on relationships betw#enchemical composition and thresitu
rumen degradability as well as thesitu MNB intestinal digestibility of dietary nutrients
very important for determining the feeding valuentdize and grass silages. This information
is also important for the rapid assessment of rudegradation characteristics and intestinal
digestibility of the dietary nutrients of maize agghss silages. Mariy situ studies have been
conducted to determine the effect of different wimilial factors, such as maturity stage at
harvest (Jensegt al., 2005), ensiling conditions (Gonzalezal., 2010), bacterial inoculation
(Yan et al., 1998) and forage species @i@net al., 2009) on rumen degradation
characteristics of maize and grass silages. iResitu MNB studies have also been performed
to study the effect of different factors like eimgil (Gonzélezt al., 2010), growing conditions
and harvest stage (Coeeal., 2006) on the postruminal digestibility of CPgrhiss silages.
To optimize diet formulation in terms of animal lkaand production, it is necessary to
report and cover the variation in the rumen degradacharacteristics and intestinal

digestibility of dietary nutrients of maize and ggasilages.

Variation between individual cows

Factors affecting thén situ results have been extensively studied. Less effag been
expended to study the variation in rumen degraitipldue to individual animal variation
(Weakleyet al., 1983; Van der Koeled al., 1992; Castillo-Gallegost al., 2012). Different
numbers of animals have been usednrsitu studies with maize and grass silages. Two
(Jartik et al., 2009), three (Jensem al., 2005), four (Fernandea al., 2004) or six (Von
Keyserlingket al., 1996) animals have been used. In these stutliess assumed that the
number of animals used was sufficient to coventirgation between the individual cows and
to obtain a representative estimate of the rumegradiation fractions of the different
nutrients. Various feed evaluation systems such@®VE/OEBg;osystem (Van Duinkerken
et al., 2011) and the Nordic NorFor system (Volden, 30Etommend to use three animals
for nylon bag incubations of feedstuffs. In thetpasidies have been conducted to determine
the variation between individual cows for concetgrangredients. Weaklegt al. (1983)
observed significant differences between four céavsuminal N disappearance of soybean
meal and Figroidt al. (1972) reported significant variation between steers for rumen DM
degradation of barley and sorghum. Castillo-Gakegioal. (2012) did not find significant
differences between three cows in situ DM degradation of kinggrass leaves. This
information on variation between the individual ois important for an accurate estimation

of rumen degradation characteristics of dietaryrients of specific feed ingredients.
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Moreover, this information is important because thenber of cows used and the pooling of
rumen incubated residues for chemical analysist@oemain factors which determine the

costs ofin situ experiments.

Fractionation methods

The fractionation of dietary nutrients of feedsoiwashout (W), soluble (S), potentially
rumen degradable (D) and rumen undegradable (W}idres is important to simulate the
process of nutrient digestion in the rumen andsiimal track of dairy cows. The fractionation
of feeds provides information about specific rurbgpass nutrients which can be absorbed in
the intestinal wall to optimize milk production. fi2irent ruminant feed evaluation systems
use a washing machine for washing the nylon bagtatuong feed samples to determine the
W fraction and to remove adhering material from thenen incubated nylon bags. The
washing machine method (WMM) has been extensivedgduin severalin situ and
fractionation studies (Gieruat al., 2005). Different washing machines, rinsing prhoes,
washing programs and washing times have been nstb@se studies, leading to variation in
the results (de Jonga al., 2009). Lack of a standard rinsing procedurenie of the main
factors causing variation in the W fraction and ithaitu results (Lindberg, 1985). Another
disadvantage of the washing machine procedureas rnibxt to the S fraction also small
insoluble particles are washed out, behaving cotagladifferent in the rumen than the S
fraction. de Jonget al. (2009) introduced a new, modified method (MMgasalternative for
the WMM. Recently, de Jongst al. (2013) tested different shaking speeds and sughesie
shaking/rinsing procedure for concentrates andgfsaThis method has the advantage over
washing nylon bags in a washing machine that amng procedure is used. In addition, the
MM uses a buffer solution as solvent instead ofewédr rinsing; making the procedure more
“physiologically normal” and likely to provide moreepresentative estimates. Another
advantage of the MM is that the insoluble washitS) fraction is measured instead of
calculated by subtracting the S fraction from theffdttion. This method has already been

tested for many concentrate ingredients, but nofdi@ges.

Aims of thethesis

The main objective of the research described ia thésis was to determine relationships
between the broad range in the chemical compos#iwh thein situ rumen degradation
characteristics and the intestinal digestibilityttoé dietary fractions or nutrients of maize and

grass silages. In addition, the variation betwden ihdividual cows in rumen degradation
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characteristics of dietary fractions or nutrientsraize and grass silages was investigated. It
was evaluated whether or not the use of three @asufficient number fan situ nylon bag
experiments with maize and grass silages. Furthexmthe relationships between the
chemical composition and the N and/or starch foastiof maize and grass silages were
investigated. This thesis includes information be tumen fermentation profile, intestinal
digestibility and the efficiency of nutrient digest of maize and grass silages which can be
used in existing feed evaluation systems for deiws. Regression equations are reported to
estimate the rumen degradation characteristichitestinal digestibility of dietary nutrients
from chemical characteristics in order to improhe testimation of the bioavailability of

dietary fractions or nutrients and feeding valuenaiize and grass silages.

Outlines of thethesis

Chapters 2 and 3 describe studies on the relaijpmsbetween the variation in the
concentration of chemical components and itheitu rumen degradation characteristics of
maize and grass silages, respectively. Chapteisdribes a study to determine the variation
between cows iin situ rumen degradation characteristics of dietary ioast or nutrients for
maize and grass silages. Chapter 5 reports a studlge intestinal digestibility of CP, NDF
and starch of maize silages, and the CP and NOJfas silages, using the MNB technique.
This chapter also describes the relationships kmtwibe chemical composition and the
intestinal digestibility of CP, NDF and/or starcli maize and grass silages. Chapter 6
compares two fractionation methods (WM MM) for N and starch of maize silages and
for N of grass silages. In addition, the relatiapstbetween the N and/or starch fractions and
the chemical components of maize and grass sigedescribed. The final chapter (Chapter
7) discusses the main results and provides a cosopawith the most relevant research
studies. This chapter also provides the main cemhs and recommendations for further

research.
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Chapter 2

Abstract

Severalin situ studies have been conducted on maize silages ttoniee the effect of
individual factors such as maturity stage, choglerand ensiling of maize crop on the rumen
degradation of maize silages but the informationte relationship between chemical
composition andn situ rumen degradation characteristics of maize silagesins scarce.
The objectives of this study were to determine @estribe relationship between the chemical
composition and the rumen degradation charactesistf dry matter (DM), organic matter
(OM), crude protein (CP), starch and neutral deterdibre (aNDFom) of maize silages.
Seventy-five maize silage samples were selectetl,avbroad range in chemical composition
and quality parameters. The samples were incubattéte rumen for 2, 4, 8, 16, 32, 72 and
336 h, using the nylon bag technique. Large vamatiwere found in the rumen degradable
fractions of DM, OM, CP, starch and aNDFom of thaize silages, due to the broad range in
chemical composition. The new database viittsitu rumen degradation characteristics of
DM, OM, CP, starch and aNDFom of the maize silages obtained under uniform
experimental conditions; same cows, same incubaifotocol and same chemical analysis
procedures. Regression equations were developed significant predictors R<0.05)
describing strong, moderate and weak relationshgtgveen the chemical composition of
maize silages and the washout content, rumen uadable content, potentially rumen
degradable content, fractional degradation rateedfiedtive rumen degradability of DM, OM,
CP, starch and aNDFom. A number of the developgkssion equations can be used for the
rapid and accurate estimation of rumen degradatlmaracteristics of dietary fractions or

nutrients of maize silages used in practice.
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Introduction

Maize silage is an important component of the dietdairy cows in Europe and North
America (Ettle and Schwarz, 2003). The chemical pagition of maize varies between
different cultivars, ensiling processes, growthditions and stages of maturity (Fernaneez
al., 2004; Jensest al., 2005; Gonzaleet al., 2010). This variation results in variable rumen
degradation of dietary nutrients (Ad al., 2012) which should be taken into account when
determining the feeding value of maize silages.utnber of techniques are commonly used
to determine the nutrient availability of differefeedstuffs (Habiket al., 2013). Thein situ
nylon bag technique has been extensively appliediet®rmine the rumen degradation
characteristics of different feedstuffs for daions (drskov and McDonald, 1979; Vanzant
al., 1998; Harazinet al., 2002). Then situ nylon bag technique is preferred ovarvitro
methods because the feeds are incubated in thal agtmen environment (Nocek, 1988).

The nutritive value of a ruminant feed is deterrdineot only by its rate and extent of
degradation but also by the variation in the cotre¢ion of chemical components of that feed
(Getachewet al., 2004). Therefore, information on the relatiopstietween chemical
composition and rumen degradation is important éteminine the nutritive value of the
feedstuffs. Information on the relationship betwebemical composition anieh situ rumen
degradation characteristics of dry matter (DM),amig matter (OM), crude protein (CP),
starch and neutral detergent fibre (NDF) of mailagses in the scientific literature is scarce.
Severalin situ studies have been conducted on maize silages ttoniae the effect of
individual factors such as maturity stage (Johretai., 1999; Di Marccet al., 2002; Jensen
et al., 2005), chop length (Fernandeizal., 2004) and ensiling (Gonzéalet al., 2010) of
maize crop on the rumen degradation of specificienis like DM (Von Keyserlinglet al.,
1996), OM (Arieliet al., 1998), CP (Von Keyserlingkt al., 1996; Shannakt al., 2000),
starch (Fernandeet al., 2004; Hindleet al., 2005) and NDF (Varga and Hoover, 1983;
Stensiget al., 1994; Jensent al., 2005). In addition, often in these studies oallimited
number (n=1 to 12) of maize silage samples werestigated and compared to other
feedstuffs. Moreover, those studies were perforoneder different experimental conditions
(incubation protocols, chemical analyses procedurgsn bag quality, etc.) which result in a
large variation in the rumen degradation charasties of dietary fractions or nutrients of
maize silages. No comprehensive study has beeructedito determine the combined effects
of parameters which caused variation in the chdmmaposition of maize silages. Predicting

thein situ rumen degradation of dietary fractions or nutseoft maize silages from chemical
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composition is important to allow the rapid assemsimof nutritive value and correct
formulation of rations for dairy cows.

The objectives of this study were to determine dedcribe the relationships between the
chemical composition and the situ rumen degradation characteristics of DM, OM, CP,
starch and aNDFom (neutral detergent fibre assewtda heat stable amylase and expressed

exclusive of residual ash) of maize silages.

Materials and methods

Samples collection and processing

Seventy five maize silage samples (~5 kg per silagere obtained from maize grown at
different Dutch commercial farms located in diffetreegions in the Netherlands during 2007,
2008 and 2009. The samples were collected by tlagtaff of a commercial laboratory
(BLGG Research, Wageningen, The Netherlands) wsihgllow drill. After collection, the
samples were stored at -20°C. Frozen samples wengsing a bread slicer (JAC Duro BEL
450; ABO, Leek, The Netherlands) with a distancd bfmm between the discs, thoroughly
mixed by hand and divided into three parts. One @&.5 kg) was subjected to chemical
analysis after freeze drying and grinding over anB sieve (Pepping, Deventer, The
Netherlands 200 AN-797002), another part (~1.5 Wgp stored at -20°C for nylon bag
incubations, and the third part (~1 kg) was stor@0°C) as a reserve for possible future
reanalysis. The mean chemical composition and tyuglirameters of the maize silage

samples are presented in Table 1.

In situ rumen incubations

Three multiparous (second or third lactation) Hailst~riesian cows, producing >15 kg milk
per day, fitted with permanent ruminal cannulasemgsed. The cows were fed a total mixed
diet (Table 2) twice a day and had 24 h/d accesgter. The maize samples were incubated
in the rumen at the research farm “Waiboerhoeveag@hingen UR Livestock Research,
Lelystad, The Netherlands) according to the procedsed by Aliet al. (2012). Maize silage
samples (~5 g DM per sample) were weighed intori&d9 cm nylon bags (Porosity 24 %,
pore size 37 um; Nybolt, Zurich, Switzerland) andubated in the rumen of the three cows
for 2, 4, 8, 16, 32, 72 and 336 h. For 2, 4, 8aié 32 h, six bags of each maize silage sample
were incubated in the rumen of three cows for eanfren incubation period (2 bags per cow

per incubation time). Because of a low recoveryunfien incubated residues per bag for the
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rumen incubation periods of 72 and 336 h, 9 bagsmoh sample were incubated in the rumen
of three cows for each incubation periods (3 bagscpw per incubation time). After removal

from the rumen, bags were stored at -20°C foragtl@4 h, after which the bags were thawed
and washed in the washing machine (AEG-Electroliko Qurnamat 2800, Stockholm,

Sweden) for 40 min using tap water at 25°C. The Bags were washed in the washing
machine as described above without incubation & rimen and residues were used to
calculate the washout (W) fraction. The washed bagse freeze dried and the rumen
incubation residues of each maize silage sampfa ftee three cows at one incubation time
were individually weighed and afterwards poolede Tlooled rumen incubated residues were
ground (Pepping, Deventer, The Netherlands 200 ARBV2) over a 3 mm sieve and stored

at 4°C until chemical analyses.

Table 1 Chemical composition of maize silages (n = 75)

Variable Mean sSb Minimum  Maximum

Chemical composition (g/kg DM)
Dry matter (g/kg fresh matter) 351 36 272 440
Ash 36 9 21 79
Crude protein 71 6 57 88
Crude fat 36 4 27 47
Sugar 11 5 3 43
Starch 344 38 247 427
Neutral detergent fibre (aNDFGm 378 37 278 452
Acid detergent fibre (ADFof 212 24 152 263
Lignin (saf 17 3 11 26

Silage quality parametérs
pH 3.89 0.14 3.60 4.40
NHs-nitrogen (g N/kg DM) 1.18 0.36 0.33 2.30
* Determined in freeze dried material.
" Predicted through near infrared reflection specinpy (NIRS) by BLGG, Wageningen, the
Netherlands.
! Standard deviation.
2 Neutral detergent fibre assayed with a heat staimigase and expressed exclusive of residual
ash.
% Acid detergent fibre expressed exclusive of resiidsh.
4Lignin determined by solubilization of cellulosetivisulphuric acid.
® NHa-nitrogen is the proportion of nitrogen. It is semaly presented to show range in the
quality parameters of silages
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Table 2 Diet components of the total mixed ration (TMR) fed to the cows during rumen
incubations

Feed ingredient g/kg DM in TMR
Maize silage 237.4
Grass silage 395.8
Grass hay/wheat straw 135
Soybean meal 47.4
Sweet syrup 9.5
Wet distillers grains with solubles 84.3
Soybean meal (rumen protected) 18.6
Minerals and vitamin premix 10.9
Concentrate 182.6

! Contained: calcium 175 g/kg; phosphorous 0.2 giagnesium 130 g/kg; sodium 50 g/kg;
chloride 78 g/kg; vitamin A 600,000 IE/kg; vitanin120,000 IE/kg; vitamin E 8,000 IE/kg.

2 Contained (%): maize, 30; palm kernel, 22; rapgésssvent extract, 21.3; citrus pulp, 10;

soybean meal (rumen protected), 5; beet molassesplasses, 2; wheat, 2; chalk (Ca0O), 0.6;
urea, 0.6; salt, 0.5; magnesium oxide (80% MgQj; palm oil, 0.2; vitamin and minerals

premix, 0.3.

Chemical analysis

The ground freeze dried maize silage samples weaéyzed for DM, ash, CP, crude fat
(CFat), sugar, starch, aNDFom, ADFom (acid detdrfibre expressed exclusive of residual
ash) and lignin (sa, lignin determined by solulailian of cellulose with sulphuric acid). The
ground pooled rumen incubated residues were ardlf@e DM, ash, CP, aNDFom and
starch. The DM content was determined by oven drgin103°C for 4 h (ISO 6496) and ash
content by incineration at 550°C for 4 h (ISO 598#)e N content was determined using the
Kjeldahl method (ISO 5983) and CP was calculatedNas 6.25. Neutral detergent fibre
(aNDFom) was determined according to the modifieethomd of Van Soestt al. (1991),
using amylase and expressing values exclusivesidual ash (ISO 16472). Acid detergent
fibore (ADFom) was determined by boiling with acicktdrgent reagent and expressed
exclusive residual ash (ISO 13906: 2008). Lignm) (sas determined after boiling with acid
detergent reagent and pre-treatment of sulphurid &SO 13906:2008). Starch was
determined using the amyloglucosidase method (I$914) after dissolving in 100%
dimethyl sulfoxide. The CFat and sugar contentsvdatermined according to ISO 6492 and
the Luff-Schoorl method (NEN 3571:1947nl), respediy.
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Calculations

The fractional degradation ratie,(h™*) of DM (ke.om), OM (kg-om), CP &q.c9) and starchi.
starc) Was calculated according to the first order maddRobinsoret al. (1986) including U,
D andkg:

Yi=U+ D x exp (-kg x t) (1)

where Y = degradation at time t, U = rumen undegradalaetifvn, ) = fraction potentially
degradable in the rumen at time t, t = time of bation (h).

Theky of aNDFom Ky-anprom Was calculated by the same model including ditag (Stensig
etal., 1994):

Yi=U+ D x exp (-kg x (t— L)) )

where L = lag time.

The effective rumen degradability of DM (Bf?), OM (EDow), starch (ERare) and aNDFom
(EDanpromy  Of maize silages was calculated according to ¢heation of @rskov and
McDonald (1979):

ED =W+ (ka/ (ka + kp)) x D

where W = washout fractiork, = fractional passage ratehand D = potentially rumen
degradable insoluble fraction.

Five % of the W fraction of CP of forages was assdrto escape rumen degradation (Van
Duinkerkenet al., 2011) and considered to be part of rumen esgegein (REP). Therefore,
the ED of CP (Elgp) and REP are calculated by:

EDcp=0.95 x W +Kg/ (ka + k;)) X D

REP = U + K,/ (ks + ko)) x D + 0.05 x W

The k, values of 0.045 and 0.06'ior CP and starch, respectively, were adopted frioen
DVE/OEBy10 system (Van Duinkerkemt al. 2011). Tuoriet al. (1998) calculated and
compared values of Elp using differentk, values (0.05, 0.06, 0.08* adopted from
different protein evaluation systems which wer@ aised to calculate the ERin the present
study. Ak, value of 0.020 # was used for aNDFom of maize silages, based orethéts of
Pellikaan (2004). Ja&ik et al. (2009) used threlg, values for calculating the EJg; 0.02, 0.05
and 0.08 H which are representative of low, medium and higgdfng levels, respectively.
The EDyw in the present study was also calculated usingethbreek, values; 0.02 It
(EDpwm2), 0.05 R (EDpus) and 0.08 H (EDpug). The EDby in the present study was also
calculated using these thrég values; 0.02 Hh (EDowz), 0.05 K (EDows) and 0.08 H
(EDowms).
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Statistical analysis

Rumen degradation data of DM, OM, CP, starch andFdyn after incubation in the rumen
for different periods (2, 4, 8, 16, 32, 72, and 3§6was summarized by the Descriptive
Statistics of SAS 9.2 (2009). The of the DM, CP and starch of maize silages wasutatied
using model 1 and thiey of aNDFom of maize silages was calculated usingeh@ in SAS

9.2 (2009). Regression equations were derived terméne the relationships between the
chemical composition and thie situ rumen degradation characteristics of maize silage
samples using PROC REG procedure of SAS 9.2 (200#.backward stepwise procedure
was followed to derive the regression equationsh wignificant predictorsR<0.05). For
some parameters, no regression equation was pedsast none of the predictors proved

significant £>0.05). Those parameters wereplMstarch Kd-starcr@Nd Uinprom

Results

The nutrient composition and quality parametershef maize silages showed a broad range
(Table 1). The variation in DM, starch and aNDFoamtent was large compared to other

nutrients. There was a negative relationship=(R40) between the starch and aNDFom
content in the maize silages (Figure 1). The aweragien degradable fractions of DM, OM,

CP, starch and aNDFom of the maize silages incdbatéhe rumen of the three cows for 2,

4, 8, 16, 32, 72 and 336 h are shown in Table & fEmge in the values for the rumen

degradable fraction of DM, OM, CP and starch waallenin case of longer (32, 72 and 336

h) incubation periods, compared to short period(38, and 16 h). In case of aNDFom, the
range in the rumen degradable fraction was, howdaeger for 16, 32, 72 and 336 h (Table

3). The mean values and range for W, Ukfpand ED of DM, OM, CP, starch and aNDFom

of the 75 maize silage samples are shown in TabEh8 REP fraction of the maize silage

samples ranged from 0.200 to 0.462, with an avevagee of 0.302 (Table 4). The lag time

for aNDFom ranged from 0 to 15.71 h, with an averagjue of 4.34 h (Table 4).
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Table 3 Average rumen degradable fractions of dry matter, organic matter, crude protein,
starch and neutral detergent fibre of maize silages (n=75) incubated for different periods of

time (2, 4, 8, 16, 32, 72 and 336 h)

In situ parameter

Rumen incubation time periods (h)

2 4 8 16 32 72 336
Dry matter
Mean 0.291 0.342 0.453 0.549 0.665 0.774  0.855
SD 0.056 0.053 0.052 0.040 0.035 0.031 0.027
Minimum 0.159 0.188 0.314 0.420 0.582 0.710 798.
Maximum 0.419 0.475 0.561 0.628 0.760 0.848 900.
Organic matter
Mean 0.280 0.333 0.449 0.545 0.666 0.774  0.855
SD 0.058 0.055 0.053 0.041 0.036 0.031  0.026
Minimum 0.145 0.169 0.319 0.413 0.584 0.713 800.
Maximum 0.406 0.466 0.558 0.623 0.759 0.849 906.
Crude protein
Mean 0.473 0.491 0.572 0.685 0.811 0.927 0.971
SD 0.085 0.084 0.071 0.063 0.036 0.014  0.007
Minimum 0.199 0.181 0.436 0.452 0.719 0.884 940.
Maximum 0.647 0.652 0.736 0.809 0.920 0.957 988.
Starch
Mean 0.491 0.585 0.770 0.884 0.966 0.991  0.997
SD 0.127 0.112 0.114 0.067 0.021 0.004 0.002
Minimum 0.164 0.225 0.403 0.612 0.855 0.981 990.
Maximum 0.711 0.805 0.939 0.959 0.997 1.000 0o0a.
Neutral detergent fibre
Mean -0.020 0.010 0.050 0.151 0.335 0.568 0.744
SD 0.051 0.054 0.054 0.055 0.060 0.055 0.047
Minimum -0.098 -0.089 -0.065 -0.018 0.218 0.427 64Q.
Maximum 0.088 0.118 0.176 0.300 0.492 0.683 890D.

1 Standard deviation.
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Table 4 Mean, standard deviation (SD), minimum and maximum dry matter, crude protein, starch and neutral
detergent fibre values for the washout fraction® (W), rumen undegradable fraction (U), potentially rumen
degradable fraction? (D), degradation rate (kq, h™) and effective degradability (ED)* of maize silages

Variable Mean sb Minimum Maximum

Dry matter (DM)

Wom 0.271 0.067 0.091 0.420
Upwm 0.170 0.030 0.110 0.289
Dowm 0.559 0.073 0.431 0.756
Ka.om 0.041 0.007 0.029 0.064
EDbwm2 0.645 0.031 0.558 0.715
EDbws 0.522 0.039 0.427 0.608
EDbws 0.460 0.043 0.343 0.559
Organic matter (OM)
Wom 0.258 0.071 0.068 0.413
Uom 0.145 0.026 0.094 0.199
Dowm 0.597 0.083 0.444 0.797
Kg.om 0.042 0.007 0.031 0.060
EDowm2 0.662 0.033 0.585 0.742
EDowms 0.531 0.042 0.418 0.621
EDowms 0.464 0.048 0.330 0.571
Crude protein (CP)
Wep 0.497 0.088 0.194 0.687
Ucp 0.025 0.008 0.009 0.046
Dcp 0.478 0.088 0.296 0.791
Ka.cp 0.033 0.006 0.017 0.049
EDcp 0.698 0.051 0.538 0.800
REP 0.302 0.051 0.200 0.462
Starch
Wstarch 0.438 0.137 0.062 0.708
Ustarch 0.006 0.006 0 0.021
Dstarch 0.556 0.136 0.287 0.979
Ka-starch 0.112 0.030 0.053 0.180
EDstarch 0.791 0.070 0.527 0.902
Neutral detergent fibre (aNDFofn)
WanpFom -0.012 0.055 -0.098 0.099
UanbFom 0.255 0.048 0.113 0.356
DanbFom 0.755 0.083 0.559 0.926
Kd-anDFom 0.023 0.004 0.016 0.036
Lag time (h) 4.335 3.928 0 15.709
EDanbFom 0.389 0.044 0.264 0.524

"The fraction disappeared by washing with tap wisterwashing machine at 25°C for 40 min.

2 TheD fraction was calculated as®1 - (W+ U).

® The EQyw was calculated by using three passage rates h3(@Dpy,), 0.05 h (EDpys) and 0.08 1 (EDpws).
The ED,y was also calculated by using three passage 1@@2;h" (EDow), 0.05 R (EDous) and 0.08 H
(EDowms). The EDRp, EDstarch and ERQnprom Were calculated using, values of 0.045, 0.06 and 0.020, h
respectively.

* Standard deviation.

® Rumen escape protein. 5 % of thdractionwas added in REP.

® Neutral detergent fibre assayed with a heat smldase and expressed exclusive of residual ash.
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The regression equations describing relationshghaden the W, U, D and ED of DM, OM,
CP, starch and aNDFom (dependent variable), ancthkenical composition (independent
variable) of the maize silages are presented ifeTabThe ERBv2, EDoms and ERvg were
mainly influenced by the contents of DM and aNDFaimereas théy.py was only affected
by the DM content (Table 5). Regression analysmwshthat the parameters of OM were
influenced by the contents of DM, ash, CFat, aNDFé&BbBFom and lignin (sa) in maize
silages (Table 5). The regression analysis alsatifikd significant relationships between the
Wep, Dcp, ki-cp and ERp, and the contents of CP, CFat, ADFom and lign#) {8 the maize
silages (Table 5). A positive relationship?&R.72) was found between the CP content and the
EDcp of maize silages (Figure 2).

500 -
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450 1 ° R?=0.40

400 A

350 A

300 A

Neutral detergent fibre (g/kg DM)
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200 T T T T T J
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Figure 1 Relationship between starch and neutral deterfilere (aNDFom) contents in
maize silages (n=75).
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Figure 2 Relationship between crude protein content andctffe rumen degradability of

crude protein in maize silages (n=75).
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Figure 3 Relationship between neutral detergent fibre aur@NDFom) and effective rumen

degradability of aNDFom in maize silages (n=75).

The Wiarch and Dyarch Were influenced mainly by the DM content wherdaes EDyarcn Was
influenced by the starch content. Relationshipsevedso found between different degradation
parameters of aNDFom and the chemical compositioth® maize silages (Table 5). A
positive relationship (0.46) was found between the aNDFom content an&Bygprom Of
maize silages (Figure 3).

The calculated average values fordrDf the maize silages usirg values of 0.045, 0.050,
0.060 and 0.080 hwere 0.700, 0.688, 0.667 and 0.637 respectiveiplf 6). The smallest
range in ERp values was observed for the DVE/OEB system Ky, 0.045 ) while the
largest range in E£ values was observed for the British Metabolizaistgtein system when
thek, value of 0.080 fiwas used.
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Rumen degradation characteristics of maize silages

Table 6 Effect of passage rates (kp, h™) obtained from different protein evaluation systems
on the effective rumen degradability of crude protein®

Effective rumen degradability of crude protein

Protein evaluation system Ko Mean 3B Minimum  Maximum
DVE/OEB 2016 0.045 0.700 0.049 0.538 0.800
AAT-PBV* 0.050 0.688 0.051 0.517 0.793
PDP 0.060 0.667 0.054 0.483 0.781
MP® 0.080 0.637 0.059 0.432 0.764
! Effective rumen degradability of crude protgigcalculated using same formula; 3= 0.95 xW
+ (ko / (ko + ko)) x D.

2 Standard deviation.

3 Dutch protein evaluation system.

* Danish protein evaluation system.

® French protein evaluation system.

® British metabolizable protein system.

Discussion

The samples used in the present study were cdllécien different commercial farms in the
Netherlands during 2007, 2008 and 2009 to coveroacbrange in quality due to growing
seasons, weather conditions, soil quality, fedflen practices, sowing dates, varieties,
maturity stages and ensiling practices. The br@adje in the chemical composition and
quality parameters reflected a large variatiorhemtumen degradation characteristics between
maize silages. Thén situ rumen degradation characteristics of DM, OM, Cfarch and
aNDFom of these maize silages was determined wmiléarm experimental conditions, i.e.
the same cows, the same incubation protocol andaime chemical analysis procedures. This
makes these data more representative than thefalatmaize silages currently used by
different feed evaluation systems in Europe e g DNE/OEBy;0system (Van Duinkerkegt

al., 2011) in the Netherlands, Feed into Milk systenmgifas, 2004) in the UK and the
NorFor Nordic feed evaluation system (Volden, 2014¢d in the Denmark, Sweden, Iceland
and Norway. The data used by these feed evaluayisiems was compiled from differant
situ experiments performed at different places foredéht scientific purposes, under different
experimental conditions and with various chemicellgsis procedures.

The large range in rumen degradable fractions of DM, CP, starch and aNDFom between
different samples at each rumen incubation periad due to the broad range in chemical
composition of the maize silage samples. More &5 of the starch was degraded in the
rumen after 32 h of rumen incubation and after B3&tually all the starch (0.997-1.0) was
degraded. Fernandetal. (2004) reported that 0.713 to 0.954 of the stérattion of maize
silages was degraded in the rumen after 24 h. Tdedlrange in the chemical composition of

the maize silage samples also contributed to tlge leange in the values for thé U andD
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fractions of DM, OM, CP, starch and aNDFom. Thegdarange in the values kf and ED of
DM, OM, CP, starch and aNDFom was also due to #r&@tion in the chemical composition
of the samples. In the present study, the valueDfq, andky.om were 0.597 and 0.042,
respectively. Arieliet al. (1998) reportedh vivo values of 0.292 and 0.049 Doy andkg.om,
respectively. The difference in the observed vahetween the present study and the study of
Arieli et al. (1998) might be due to the different techniquiessitu vs. in vivo) and the
number of samples used (¥& 2) in both studies. Arielét al. (1998) used only two maize
silages whereas 75 maize silages with a broad riancfeemical composition were used here.
In the present study, the Efpdecreased from 0.645 to 0.460 whervalue increased from
0.020 to 0.08 fi. The highek, value resulted in lower value for BR (Arieli et al., 1998).
Different protein evaluation systems use diffedgntalues for the calculation of g Tuori

et al. (1998) compared the values of &lusing differentk, values originating from different
protein evaluation systems. In the present stukdgsek, values were used in the same
formula to calculate the Efp for the maize silages (Table 5). Results showttietalculated
EDcp value of maize silages decreased when a higheslue was used. The highlervalue
might lead to underestimation of the Ebf maize silages. The differences in &values
occurred due to the use of differekf values and should be taken into account when
comparing different protein evaluation systems. meabal. (1998) concluded that the nylon
bag method overestimates the true differences énptfotein degradation value of feeds,
especially when high, values were used.

During the past three decades, a numben gftu studies have been conducted to determine
the effect of individual factors such as maturitpge (Jensemt al., 2005), chop length
(Fernandezet al., 2004) and ensiling (Gonzalex al., 2010) on the rumen degradation
characteristics of the dietary fractions and natgeof maize silages. Less effort has been
expended to determine relationships between thmiché composition and the situ rumen
degradation characteristics of maize silages. ififiismation may be important to allow rapid
and accurate estimation of the rumen degradati@macteristics of maize silages used in
practice. In the present study, the results of rdgression analysis demonstrated strong,
moderate and weak relationships between the ruragradation characteristics of DM, OM,
CP, starch and aNDFom and the chemical compositifomaize silages. Th®py was
affected by the contents of DM, aNDFom and ADFommiaize silages. The H at
different rumen passage ratég) (was positively related to DM and negatively rethto the
aNDFom content of the maize silages, indicating tha presence of insoluble fibre content

especially hemicellulose restricts the DM degramatof the maize silages. There was a
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negative correlation (R=-0.38<0.001) between the DM and aNDFom content of thezena
silages. The Rvalue of 0.37 shows a moderate relationship betwtee kyom and DM
content in maize silages. The gl values calculated using differeky values (0.02, 0.05,
0.08 hY), were negatively related to the contents of Dkh and aNDFom in maize silages.
Regression analysis shows that thecElas positively related to the CP and sugar costent
and negatively related to DM content of maize sfa¢Table 4). It means that the &bf
maize silages which were ensiled from early cutzearop was higher than the late maturity
cut maize crop. The DM content increases but thec@Rent of maize crop decreases with
advanced maturity. In the present study, a sicaifigositive relationship (0.72,P<0.05)
was also found between the gand the CP content in maize silages (Figure 2)igh CP
content in silages indicates that more N is pregeitle the cell which is readily degradable
in the rumen of cows. Also Vik-Mo (1989) found tteahigher CP content in forages resulted
in higher value for EB-. The Wrcn Showed a negative relationship with DM and aNDFom
contents. This is caused by difference in matwgiage of maize crop at cutting. More mature
maize crop means more starch present, resultinigsim DM and aNDFom contents. The
negative correlation (R=-0.63<0.001) between the starch and aNDFom content$s@s a
related to the maturity of the maize crops usednieking silage. This negative relationship
(R?=0.40) between starch and aNDFom contents of nsiages is also shown in Figure 1.
This relationship varied at different maturity stagof the maize crops. The DM and starch
content of maize crops increase but the aNDFomettrdecreases with maturation of the
maize crop. The Rycnwas positively related to the DM content. The D astarch content
of the maize silages largely influenced the stategradation in the rumen (Offnet al.,
2003). The Rvalue of 0.10 shows that there was a weak relshiprbetween the ERcnand
the starch content. In the present study, thexgfamwas positively related with the aNDFom
content and negatively related to ADFom contentafze silages. This result may highlight
the limitation of the use of stepwise regressiod i@y be due to the hemicellulose content in
the aNDFom which is readily degradable in the runoéndairy cows compared to the
cellulose content. No relationship was found betw#e ky.anoromand lag time of maize
silages but the lag time varied between differarhgles of maize silages. Theanprom
positively related to contents of aNDFom and lig(sa) in maize silages but this relationship
was moderate (R0.41). The positive relationship 180.46) showing thaltg.anpromincreased
with increasing aNDFom content in maize silagegjfé 3). Because of lower’Ralues,
most of the developed regression equations aré@mitietl use for the prediction of rumen

degradation characteristics of dietary nutrientowelver, a number of the developed
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equations are valuable for the estimation of ruahegradation characteristics of maize silages

used in practice.

Conclusions

The present study reports strong, moderate and welakionships between the chemical
composition andn situ degradation characteristics of dietary fractionswatrients of maize
silages used in practice. Unlike previous studéekarge number of maize silages were used
(n=75) to include the variation occurs due to grayiseason, location and chemical
composition and were tested under uniform experieleconditions. A number of the
developed regression equations can be used iniqaafttr the rapid assessment of the

nutritive value of maize silages and optimal foratidn of rations for dairy cows.
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Chapter 3

Abstract

The DVE/OEByio system in the Netherlands uses a large databas@ eftu rumen
incubations with grass silage and grass hay samgplderive prediction formulas to estimate
the rumen degradation characteristics of a numbdeanl value parameters. Theigesitu
rumen incubations were not performed for this dpgepurpose and the data were generated
at different research institutes over more tharyetrs, using different grass management and
fertilisation practices and using different prottscorhe objectives of this study were to 1)
generate a new database on the rumen degradatfiliyy matter (DM), organic matter
(OM), crude protein (CP) and neutral detergentefifdDF) of grass silages, 2) compare this
new database with the old database used in the O&FR,0System, and 3) derive regression
equations using the new database to investigate rétetionship between chemical
composition andn situ ruminal degradability of DM, OM, CP and NDF of thess silages.
Sixty nine grass silages, with a broad range imiba&l composition and quality parameters,
were selected and incubated using the nylon bagnigge in the rumen of three lactating
Holstein Friesian cows for 2, 4, 8, 16, 32, 72 888 h. There was a large range in the rumen
degradable fractions of DM, OM, CP and NDF of thasg silages at each rumen incubation
period. The rumen degradability of DM, OM, CP an®Min the present study was
determined using the same standard incubation @rhtahe same cows, and the same
chemical analysis procedures for all the grasgsikamples. Regression analysis, using the
new database, showed relationships between theablasttontent, rumen undegradable
content, potentially rumen degradable content dfetté/e rumen degradability of DM, OM,
CP and NDF, respectively, and the chemical comiposibf the grass silages. The rumen

escape protein was also affected by the variatidgheé chemical composition of grass silages.
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Introduction

Grass silage is a forage biomass that is mainlg asea winter fodder for dairy cows and is
the most important form of conserved forage for inants in many regions of Europe
(Dawsonet al., 2002). Protein in grass silage is more degradibthe rumen than protein in
grass hay and fresh grass due to the fermentatimregses in the silos (De Boewatral.,
2004). Ruminal degradation of different componeftgrass silages is influenced by many
factors such as stage of maturity, preservatiorhatgtforage species and cultivars (Hoffman
etal., 1993; Elizaldest al., 1999; Beever and Mould, 2000).

To optimize diet formulation in terms of performanautrient losses, animal well-being and
economical profitability, information is requirech ¢he nutrient requirements of animals and
nutrient availability of various feedstuffs. In rumants, the nutrient availability can be
measured using various situ, in vitro andin vivo techniques. Then situ nylon bag
technique is the most frequently used technique tfier determination of degradability
parameters of chemical feed components such amatiter (DM), crude protein (CP), neutral
detergent fiber (NDF), minerals and trace eleméHt&razimet al., 2002; Homolkeet al.,
2002; Janik et al., 2008) and is considered a reference method terrdme the rumen
degradation characteristics of feedstuffs (De Boewal., 2002).

Various ruminant feed evaluation systems, such les DVE/OEBge system (Van
Duinkerkenet al., 2011) in the Netherlands and the PDI systemi{®énd Peyraud, 1989) in
France, use regression equations or prediction ftasnto estimate the rumen degradation
characteristics of a number of feed value pararmsetéhe Dutch DVE/OER., feed
evaluation system (Van Duinkerkenal., 2011) uses a database compiled from diffeinent
situ rumen incubations studies with grass silage amdsghay samples. These studies were
conducted at various research institutes in théadtetnds and Belgium employing different
protocols to estimate the degradation charactesigif certain feed components spanning
several decades. Theisesitu rumen incubations studies were not performedHerdpecific
purpose to derive regression equations for the D#EB,10 feed evaluation system but were
conducted to investigate specific scientific hymss. At present, these results can be
considered outdated as most of these experiments seaducted before 1995 during which
time a large variety in crop species and cultivaese used in the Netherlands. Nitrogen
fertilization level, ensiling methods and incubatiprotocols have changed, compared to
when the studies were conducted and which data baem used in the DVE/OERRg

database. Different subsets of the DVE/QgBdatabase were used to derive prediction
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formulas for degradation characteristics of nutdefior grass silage and grass hay samples.
For example, data of a subset of 97 grass siladegeass hay samples were used to derive
prediction formulas for the degradation charactiessof CP while the data of a subset of 50
samples were used to derive prediction formulashiferdegradation characteristics of NDF.
The objective of this study was to improve the po#oh of the feeding value of grass silages.
This study reports the 1) generating of a new desalon the rumen degradability of DM,
OM, CP and NDF of grass silages, 2) comparisomisfriew database with the old database
used in the DVE/OER, system, and 3) regression equations derived usagdatabase to
investigate the relationship between chemical caitipm and thein situ ruminal
degradability of DM, OM, CP and NDF of grass silage

Materials and methods

Selection of grass silages

More than one hundred grass (maihlglium perenne) silage samples (~10 kg per silage)
were obtained during 2007, 2008 and 2009 from waributch commercial farms located in
different regions in the Netherlands. The sampleseveollected by trained technicians from a
feed analysis laboratory (Blgg AgroXpertus, Waggeim The Netherlands) using a hollow
drill. After collection, individual silages were hmgenized, divided into roughly two equal
parts with one half air dried (70°C for 16 h) anbjected to chemical analyses while the
other half was stored at -20°C. After chemical geed of the air dried material, a table was
developed containing information on chemical conitpms and quality parameters of grass
silages. The information on pH and ammonia-nitrogers used to show quality range in
grass silage samples. A total of 69 grass silaggkes were selected on the basis of broad
range in chemical composition and silage qualitsapeeters to use in this nylon bag study.
The selected samples were stored at -20°C. Eaebtsdl grass silage stored at -20°C was
located and cut using a bread slicer (JAC Duro BED; ABO, Leek, The Netherlands)
having a distance of 11 mm between the discs, thyhly mixed by hand and divided into
three parts; one part (~2.5 kg) was subjected tbclvemical analyses after freeze drying,
another part (~1.5 kg) stored (-20°C) for lateromybag incubations, and the third part (~1

kg) was stored (-20°C) as a reserve for possitiledureanalysis.
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In situ rumen incubations

Three multiparous (second lactation) Holstein Faiegows, producing >15 kg milk per day,
fitted with permanent ruminal cannulas were usethia experiment. Cows were fed total
mixed ration (for composition see Table 2 of Chagletwice a day and had 24 h/d access to
fresh water. The grass silage samples were inctibatthe rumen of the cows which were
housed at the research farm “Waiboerhoeve” (WagemrJR Livestock Research, Lelystad,
The Netherlands) according to the procedure desttily Conet al. (2004). The fresh grass
silage samples (~5 g DM) were weighed into 10 cdBxm nylon bags (pore size 37 um;
porosity 24 %; Nybolt, Zirich, Switzerland) and thags were stored at -20°C. The frozen
bags were incubated in the rumen for 2, 4, 8, 2673 and 336 h. The 0 h bags were washed
in the washing machine (AEG-Electrolux Oko Turnar2@00, Stockholm, Sweden) for 40
min using tap water at 25°C without incubation e trumen and residues were used to
calculate the W fraction. Six bags of each grakmgsisample, combined with 2 reference
samples per series, were incubated in the rumetheofthree cows (2 bags per cow per
incubation time) for 2, 4, 8, 16, and 32 h. Becanfsa low recovery of incubated residue per
nylon bag for the 72 and 336 h incubation peri@dsags of each grass silage and 2 reference
samples were incubated in the rumen of the threes ¢8 bags per cow per incubation time)
for these incubation periods. After removal frone flumen, bags were placed in ice water
after which the bags were washed to remove thereghstuffs. Then the bags were stored in
freezer at -20°C for at least 24 h, after which bags were thawed and washed in the
washing machine as described above. The washed Wwags stored at -20°C and
subsequently freeze dried. For each grass silagelesarumen incubation residues from the
three cows during one incubation period were poaled the contents were ground over a 3
mm sieve, using a hammer mill (Pepping, 200 AN-T2/®eventer, The Netherlands).

Chemical analyses

The ground (3 mm) freeze dried grass silage sanvpdes analyzed for DM, ash, CP, crude
fat (CFat), crude fibre (CF), sugar, NDF, acid dgtat fibre (ADF), acid detergent lignin
(ADL), neutral detergent insoluble nitrogen (NDIldhd acid detergent insoluble nitrogen
(ADIN). The pooled, ground rumen incubated residwese analysed for DM, ash, CP and
NDF. The DM content was determined by oven dryin@@8°C for 4 h (ISO 6496) and ash
content by incineration at 550°C for 4 h (ISO 598#)e NDF was determined according to
the modified method of Van Soeatal. (1991) with the use of amylase (ISO 16472) and
expressed without residual ash. The ADF was deterthby boiling with acid detergent

41



Chapter 3

reagent and expressed without residual ash (ISO62008). The ADL was determined after
boiling with acid detergent reagent and a treatmwattt sulphuric acid (ISO 13906:2008).
Crude fat (CFat) was determined by ISO 6492 andrscgntent was determined by the Luff-
Schoorl method (NEN 3571:1947nl). The N was deteealiusing the Kjeldahl method (ISO
5983) and CP was calculated as Nx6.25.

Calculations

Effective rumen degradability (ED)

The ED of DM (EBw), NDF (EDwpf) and OM (ERw) was calculated according to equation
of @rskov and McDonald (1979):

ED =W + ki/ (ka +kp)) x D 1)

where W = washable fractiofy = fractional degradation rate{h k, = fractional passage

rate (") and D = potentially rumen degradable insolubkection. For silages, 5% of W

fraction of CP was assumed to be REP (Van Duinkegkel., 2011), therefore the ED of CP
(EDcp) was calculated by the modified formula in thesere study;

EDcp=0.95 x W +Kq/ (ka +kp)) x D (2
Rumen escape protein (REP)

The REP was calculated using the following modifieadel of Conest al. (2009):
REP =U +ky/ (ka +kp)) x D + 0.05 x W 3

where U = rumen undegradable fraction.

Fractional degradation rate (kq)

The ky of DM, OM and CP was calculated according to ih&t brder model of Robinsoet
al. (1986) including U, D ani:

Yi=U+ D xexp (kg x t) 4

where ¥ = degradation at time t,;[> potentially degradable fraction in the rumeriraie t,
Theky of NDF was calculated using model 4 including@tiene (Stensigt al., 1994):
Y=U + D x exp (-kq x (t- L)) ©)

where L = lag time (h).

Fractional passage rate (kp)
Jartik et al. (2009) used threlg, values for calculating the ED of DM; 0.02, 0.051&n08 o

representing low, medium and high feeding amouatpectively The ED of DM in the
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present study was calculated using three correspgiglvalues of 0.02 h (EDpwmz), 0.05 A
(EDpms) and 0.08 H (EDpwg). In the present study, the ED of OM of grassgeifawas
calculated using the same thigevalues as used for DM; 0.02' KEDowmy), 0.05 A+ (EDows)
and 0.08 1 (EDowms). An averagek, value for NDF of 0.025 h (range 0.018 and 0.029'h
was used based on data for fresh grass and gtagessof Pellikaan (2004). THg value
(0.045 W) for CP was adopted from the DVE/Okgl system (Van Duinkerkeet al., 2011).
Tuori et al. (1998) compared values of gkusing differentk, values (0.05, 0.06, 0.08n
adopted from different protein evaluation systenmictv were also used to calculate theckD

in the present study.

Statistical Analysis

Rumen degradability data of DM, CP and NDF aftéiedent rumen incubation times (2, 4, 8,
16, 32, 72, and 336 h) were summarized by deseeigtiatistics. Th&y was calculated using
model 4 and 5 in Genstat (14dition). Regression equations were derived terdghe the
relationship between the W content, U contentobtent and ED of DM, OM, CP and NDF
and the chemical composition of grass silage sasnpsing the PROC REG procedure of
SAS 9.2. The backward stepwise procedure was felibte derive the regression equations
with significant predictorsR<0.05). Forky of DM, OM, CP and NDF, no regression equation

was presented as none of the predictors provedfisat (P<0.05).

Results

Chemical composition of grass silages (n=69) usedhis experiment and, grass silage
(n=102) and grass hay (n=14) samples in the databsesd by the DVE/OEB,o system is
shown in Table 1. The grass silage/hay samplehdnDVE/OEBy,o database had a larger
range in DM content (143 to 909 g/kg fresh mattiean the silages evaluated in the present
study (201 to 680 g/kg fresh matter). The averagsgsilage/hay CP content (198 g/kg DM)
was higher in the samples of the DVE/QEBdatabase compared to the present study (169.5
g/kg DM) while the reverse was observed for theaye sugar content (94. 55 g/kg DM).

No information was available on the quality paranetof the grass silages used in the
DVE/OEBy;0database.

43



"uaBomu sjgnjosur wshisiep poy ¢

"pauIWIBIep 10N,

‘uabouu ajgnjosul Juabisiap [eanaN

"uoleInsp plepuels ,

‘sasodind Jusieymimpieak 0g 01 LT pawioiad alam Jey) siuawiiadxs NisluBIaYIp Wwoly pajidwod aiem erep a8yl ,
‘[elsTeW pAIPo paulwisIap alem sislawered Alrenb abe|s ¢,

‘[elsjew paup 9z8a.) U0 pPauILIBISp Sem JuswLEbpul pasn sabejis sselb Jo uonisodwod [eslwsy),

pu pu pu pu 76°L €6'0 ¥6'0 or'e (Wa Bx/N 6) usboniu-eHN
pu pu pu pu 199 00t €90 10'S Hd
sig1ewrered Alenb sbe|is

pu pu pu pu 9y 10 L0 ST (na Bx/N B) sNIav
pu pu pu Py 19 7’9 ST g€z (Wa Bx/N B) (NIaN
LS 0T €T Ll (0% ot 99 €67 ulubi| wshisiep proy
oot [AAN0) A4 18¢ (A% /ST 6'8¢ 8°,9¢ 2.qu wabialep pioy
699 0oge 89 0Ly 119 9ce v'eS v'16Y aiqy Juabialep [ennaN
8¢¢ T §14 jeie] 74 ct 9'vy 16 lebng
(4% T0¢ 9€ GS9¢ €¢e 291 T'9¢ 9'9G6¢ Jaqy spnio
29 LT L (017 €9 8¢ €L [4% Jej apnio
{0} 66 1174 86T (444 60T 8'8¢ G697 ureloid spnid
0S¢ € 144 €17 ¢6T 0L 2'8T 2'¢oT ysv
606 evl 76T v EL 089 T0C AN 9'€ay (1enew ysauy 6x/6) Jenew Aig

(na 6x/6) uonsodwod [eaiwsyd

wnwixe — wnuwiuipy as uea\ wnwixey  wnwiuip as uea\ a|gelre

aseqerep ig30/ana Juswiiadxa siyl ur pasn sabejis sselo

welsAs 010eg30,/aAQ 8y} Ag pasn aseqerep sy Ul
sa|dures (y7=u) Aey sseub pue (20T =) aBe|ss sseu ‘pue uew1Bdxe S} Ul Pasn (69 =U) S9Be]S SSe J0 UoNSOLID OB T Iqe L



‘uoijeINSp plepuels |

S06°0 8€L0 TE0O0 9¥8°0 8180 6EG'0 S90°0 /1110 0€6°0 7920 TEO0 Lv8O 97160 ¢vL’0 9€0°0 Tv80 9€e
€980 ¥29'0 2S00 ¥9.°0 7680 9/60 0.00 €110 1880 859'0 9¥0'0 T080 1180 099'0 ¥S0°0 /L6L°0 4
8¢L°0 Zvyo 9900 S090 1680 L¥S'0 TL00 OvLO T€B0 ¥¥G°'0 0900 TOLO 8€8°0 rG'0 9900 8690 (A
2150 08T°0  ¥.00 9¢€0 0€8°'0 ¥S¥'0 2800 2990 20L0 8€€'0 ¥.00 VIS0 ST.0 69€'0 G/00 8250 a1
Evr'0 GT0°0- 0.00 62T0 €V.L0 €0 060°0 0990 L¥S'0 602’0 ¥.0°0 L9€0 795°0 9¢¢’'0 9100 68€0 8
STT0 180°0- S70'0 0200 €¢L0 ¢re’0 1600 TESO €60 EYT'0 G900 <620 €290 98T'0 0400 €¢€0 14
/800 ¥60°0- €¥0'0 TOO0'0- YXAN €ve'0 /800 <¢2¢so 6.0 CET'0 ¥90°0 €120 S0S°0 8GT'0 /1900 90€0 4
WINWIXeN WNWIUIN dsS Uues|y  wnwixel wnuwiuiy dsS Ueay  WNWiXep WnNWIUIn ds uesy  wnwiXey wnwupy —4dS uesiy w_oocm_ﬁw

(4aN) aJquy uabuiaiap fesanan uioid apnid Janew oiueblo Janew AiQ awilL

(U 9ee pue z/ 'z€ ‘9T '8 ' ‘2) spoted
awn Jus BYIp Jo) paregnoul (69 =u) sabe|is sse.b Jo a.q1) Wab Jeep [eindu pue u10.id apnJo ‘eirew d1ueh Jo ‘elrew AIp Jo suonoe.) a|gqepe JBop uawn. abelony Z a|qe |



Chapter 3

There was a large range in the values for rumeradegle fraction of DM, OM, CP and NDF
of the grass silage samples for each incubatioiogémable 2). The range in the values for
rumen degradable fraction of DM, OM and CP wasdaig the case of short (2, 4, 8, and 16
h) compared to longer rumen incubation periods 722and 336 h). In case of NDF, the range
in the rumen degradable fraction was, however elaggter 16, 32, 72 and 336 h. The mean
and range in values for W,,D, ky and ED of DM, OM, CP and NDF are shown in Table 3.
The average values for the W fraction of DM\, OM (Wowm), CP (Wep) and NDF (WipF)
were 0.240, 0.205, 0.405 and 0.007, respectivéig. REP fraction of the grass silages ranged
from 0.271 to 0.522, with an average value of 0.GRdble 3). The lag time for NDF ranged
from 3.3 to 8.3 h with an average value of 4.9 (@a&).

°
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Figure 1 Relationship between crude protein and effectivman degradability of crude
protein of grass silages.
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Figure 2 Relationship between neutral detergent fibre dfectve rumen degradability of
crude protein of grass silages.
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Figure 3 Relationship between neutral detergent fibre dfetéve rumen degradability of
neutral detergent fibre of grass silages.

There was strong relationship %®.83) found between the CP content anc-EBf grass
silage samples (Figure 1) whereas the relation@ip0.10) between the NDF content and
the EDQxp of grass silages was weak (Figure 2). The relalign(R=0.55) was also found
between the NDF content and theNgPof grass silage samples (Figure 3).

The results of the multiple linear regression asedybetween the W, U, D and ED of the DM,
OM, CP and NDF on the one hand and the chemicaposition of the grass silages on the
other hand are reported in Table 4. ThesWWUpwm, Dom, EDomz, EDoms and ERyvs were
mainly influenced by the contents of DM, ash andM\Bhile the Wym, Uom, Dom, EDomz,
EDowms and ERus were mainly influenced by the contents of ash BB in grass silages.
The Wep, Ucp, Dcp and ER:p were influenced by the contents of CP and NDFhin grass
silages. The Ror and EQpr were influenced by the content of NDF while tHgpr was
influenced by the contents of sugar and ADL. THatienship between REP and the chemical
composition was explained by the contents of CPENDd ADF (Table 4).

The results of the EE of 69 grass silages calculated using diffefgntalues from different
protein evaluation systems are shown in Table & aWerage calculated values for &D
using k, values of 0.045, 0.050, 0.060 and 0.08bvere 0.610, 0.601, 0.585 and 0.560,
respectively (Table 5). The largest range inckMalues was observed when tkevalue
(0.080 ) of the British Metabolizable protein system wagdi while the smaller range was
observed for the DVE/OER, o system.
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Chapter 3

Table 3 The average, minimum and maximum dry matter, organic matter, crude protein and neutral
detergent fiber values for the washout fraction® (W), rumen undegradable fraction? (U), potentially
rumen degradable fraction® (D), degradation rate (ky, h™) and effective degradability (ED)* of 69

grass silages

Variable Mean sD Minimum Maximum

Dry matter (DM)
Wom 0.240 0.062 0.101 0.412
Ubm 0.159 0.036 0.084 0.258
Dom 0.601 0.054 0.469 0.742
Kq 0.043 0.007 0.030 0.064
EDpwm2 0.648 0.048 0.528 0.750
EDpws 0.516 0.055 0.380 0.647
EDpwms 0.449 0.057 0.314 0.592

Organic matter (OM)

Wom 0.205 0.061 0.086 0.389
Uowm 0.153 0.031 0.070 0.239
Dowm 0.642 0.056 0.498 0.780
Ky 0.043 0.007 0.029 0.062
EDowm2 0.640 0.047 0.507 0.760
EDowms 0.499 0.056 0.351 0.646
EDowms 0.427 0.058 0.281 0.588

Crude protein (CP)

Wep 0.405 0.087 0.205 0.598
Ucp 0.222 0.065 0.122 0.461
Dcp 0.373 0.103 0.143 0.584
kg 0.068 0.025 0.024 0.136
EDcp 0.610 0.061 0.478 0.729
REP 0.390 0.061 0.271 0.522

Neutral detergent fibre (NDF)

Wior 0.007 0.046 0.000 0.090
Unor 0.154 0.031 0.095 0.262
Duor 0.839 0.054 0.746 0.951
ke 0.046 0.009 0.022 0.083
Lag time (h) 4.892 1.070 3.320 8.280
EDuor 0.545 0.046 0.386 0.647

" The fraction disappeared by washing with tap water washing machine at 25°C for 40 min.

% The residual fraction determined after 336 h iratigm in the rumen.

% TheD fraction was calculated as51-(W+U).

4 The ED of DM was calculated by using three passatgs; 0.02 F(EDpyy), 0.05 i (EDpws) and 0.08 H
(EDpms). The ED of OM was alscalculated by using three passage rates; 0X0BDby,), 0.05 R (EDows)
and 0.08 H (EDous). The EQp was calculated using 0.045 lvalue of passage rate while the JgPwas
calculated using 0.025'walue of passage rate.

® Standard deviation.

® Rumen escape protein. 5 % ofWwds added in REP.

48



Rumen degradation characteristics of grass silages

Table 4 Relationship between the washable content (W, g/kg DM), rumen undegradable content (U,
o/kg DM), potentially rumen degradable content (D, g/kg DM), and effective degradability (ED, g/kg
DM) of dry matter (DM), organic matter (OM), crude protein (CP) and neutral detergent fibre (NDF),

and the chemical composition of grass silages

Regression equation R? RMSE'
Dry matter (g/kg fresh matter)
Wopm = 140.55 (+ 25.55) + 0.21 (+ 0.03) DM - 0.25 (85) NDF 0.49 22.60
Upm= - 35.18 (+ 13.17) + 0.17 (+ 0.02) DM + 0.30 (#0) ash 0.61 15.92
Dpm = 102.44 (+ 24.19) + 0.64 (+ 0.02) DM + 0.18 (8%). NDF 0.92 21.40
EDpmz = 48.41 (+ 17.26) + 0.61 (+ 0.02) DM - 0.32 (+ 0. B&h 0.91 20.91
EDpums = 146.94 (+ 31.20) + 0.50 (+ 0.02) DM - 0.40 (44) ash - 0.20 (+ 0.05) NDF 0.86 21.40
EDpms = 153.50 (+ 31.60) + 0.43 (+ 0.03) DM - 0.36 (+8).-ash - 0.22 (+ 0.05) NDF 0.81 21.67
Organic matter (g/kg DM)
Wowm=570.90 (+ 13.91) - 0.79 (+ 0.08) NDF 0.57 36.41
Uom = 225.87 (£ 20.17) - 0.47 (£ 0.09) CP - 0.35 (@6).sugar + 1.24 (+ 0.37) NDF 0.53 19.34
Dom = 250.28 (£ 59.21) + 0.28 (+ 0.13) sugar + 0.60.36) NDF 0.32 44.73
EDomz = 993.68 (+ 35.98) - 0.87 (+ 0.17) ash - 0.68 @6).NDF 0.69 24.66
EDowms = 913.99 (= 40.82) - 0.71 (+ 0.19) ash - 0.80 (@6) NDF 0.70 27.98
EDoms = 859.19 (+ 42.07) - 0.64 (+ 0.19) ash - 0.84 @7).NDF 0.70 28.84
Crude protein (g/kg DM)
Wep = 54.51 (+ 16.82) - 0.06 (+ 0.01) DM + 0.47 (+ @@P - 0.19 (+ 0.04) NDF +, 0.94
0.20 (+ 0.08) ADE
Ucp = 61.58 (= 5.22) - 0.09 (+ 0.02) CP - 0.11 (+ Q.8@gar 0.39 5.71
Dcs= - 74.30 (£ 10.63) + 0.10 (+ 0.01) DM + 0.56 (£8) CP 0.73 12.33
REP=-19.14 (+ 14.29) - 0.76 (+ 0.04) CP + 0.17 (83).NDF - 0.14 (+ 0.06) ADF 0.44 8.58
EDcp=19.17 (+ 14.29) + 0.76 (+ 0.04) CP - 0.17 (+3).NDF + 0.14 (+0.06) ADF 0.88 8.58
Neutral detergent fibre (NDF, g/kg DM))
Unpr = 68.33 (+ 8.39) - 0.15 (+ 0.04) sugar + 1.10 (319 ADL* 0.33 15.94
Dnpr = 76.13 (+ 28.89) + 0.68 (+ 0.06) NDF 0.67 25.64
EDuor = 47.30 (+ 26.08) + 0.45 (+ 0.05) NDF 052 2314

! Root mean square error.

2 Acid detergent fibre.

® Rumen escape protein. 5 % of W was also addefEm R
“ Acid detergent lignin.
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Table 5 Effect of passage rates (kp, h™) obtained from different protein evaluation
systems on the effective rumen degradability of crude protein (EDcp)*

Protein evaluation system  k, I\E/Ilzgn SB iR Maximam

DVE/OEB 2016 0.045 0.610 0.061 0.478 0.729
AAT-PBV* 0.050 0.601 0.062 0.471 0.722
PDP 0.060 0.585 0.064 0.452 0.711
MP® 0.080 0.560 0.066 0.424 0.693

! The EQ:pwas calculated using same formula;dsB 0.95 x W + Ky / (kg + k;)) % D.
2 Standard deviation.

® Dutch protein evaluation system.

* Danish protein evaluation system.

5 French protein evaluation system.

® British metabolizable protein system.

Discussion

The DVE/OEByo database consisted of data obtained from diffenersitu experiments
performed at different institutes in the Netherkri¥ to 50 years ago. These studies used
different grass species, ensiling methods, featili; practices and incubation protocols
compared to the present study. In addition, differeimbers of samples were used to derive
prediction formulas for the degradation charactessof CP (n=97) and NDF (n=50).
Moreover, different chemical analyses proceduresewesed across the differeimt situ
experiments and these experiments were performednvestigate specific scientific
hypotheses. In contrast, the database generatbeé joresent study included 69 grass silages
which were selected on the base of a large rangeh@mical composition and quality
parameters and purposely used to derive regressjaations for the prediction of the feeding
value of grass silages. The same standard incubpt@ocol, same cows, and same chemical
analysis procedures were used for all the graageslin the new database. In addition, the
regression equations were developed to predictéiggadation characteristics of DM, OM,
CP and NDF of grass silages. The main disadvarga@®/E/OEB;q,0 database is that it is
combined database of grass silage and grass hatesariihe chemical composition of grass
silage and grass hay samples is different. Thigatian in chemical composition due to
combination of grass silage and hay samples makesatabase unreliable.

The large range in the DM content of the samplethénDVE/OEBy;o database was due to
the inclusion of grass silage and grass hay sampleish vary highly in their DM content.
The average CP content in the DVE/QEBdatabase was higher than the grass silages used
in the present study, which is likely caused by acimhigher N fertilization level on

grasslands 30 years ago. Nowadays, the N fertdizdevel is much lower due to effective
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legislation implemented in 1984 to reduce environtakpollution (Jongbloed and Lenis,
1998). The higher average sugar content in thesgritesge samples used in the present study
might be due to lower N fertilization and lower NR2IRd CF contents in combination with
higher DM content of the samples. The average ftaction (0.222) in the new database
obtained in the present study was higher than theftdction (0.109) in the DVE/OEB;0
database. The higherRfraction might be due to different CP contentarigples (169.5 g/kg
DM) used in the present study compared to the ss1({i98 g/kg DM) used in DVE/ORBo
database. High CP content of grass silage samptzbin DVE/OEBy;o database means that
more N was present inside the cell. That N wasilkedegradable in the rumen and leaving
small fraction for Wp. It also might be due to microbial contaminatidrniee rumen incubated
residues. The results of this study were not ctetedor microbial contamination. The
averageky value (0.068) of CP was also higher in the nevaliede compared to thgvalue
(0.058) of DVE/OEBy;, database. This may be due to the use of only gitesges in the
present study. De Boevert al. (2004) also concluded that the CP content insgsdlage is
more degradable in the rumen than that of grassahdyfresh grass due to the fermentation
processes in the silos. The averaggdJfraction (0.154) of grass silages used in the new
database was close to the averaggrUraction (0.180) of grass silages and grass hey us
the DVE/OEBg;odatabase but the range iRgdd fraction was larger (0.088 to 0.388 0.095

to 0.262) in the DVE/OER, database than the new database. This larger range
DVE/OEB;;o database may be due to the use of grass silaggrass hay samples together,
different incubation protocols, and different numbé grass silage samples compared to the
new database.

The range in the rumen degradable fractions of DI, CP and NDF of the grass silages
after different incubation periods in the rumen vda®e to the large range in the chemical
composition of the grass silage samples. In thegmtestudy, the average values Vs,
Wowm, Wep and Wpr fractions were 0.240, 0.205, 0.405 and 0.007, wsmdy. Gosselinket

al. (2004) reported a W fraction of 0.250 which is similar to the resudtbtained in the
present study. Th&/cpfraction reported by Conet al. (2004) was 0.535 for low DM grass
silages (+ 250 g DM/kg) and 0.408 for high DM grasages (+ 450 g DM/kg). The average
Ucp fraction in the present study was 0.222, wherease@t al. (2004) reported 0.181
average value for & fraction of low DM grass silages and 0.184 averagiie for Wp
fraction of high DM grass silages. The differencé/Ncp and Wp fractions might be due to
the high CP content present in the grass silagé® gzg DM for low DM grass silages and
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209 g/kg DM for high DM grass silages) used by Cena. (2004) compared to the present
study (169.5 g/kg DM).

The large range in the ED values of DM, OM, CP AldF was also due to larger range in
the chemical composition of the grass silageshinpresent study, average §&lR, EDows
and EDQyvs values were 0.648, 0.516 and 0.449, respectivelgtik et al. (2009) reported
values of 0.665, 0.539 and 0.478 for gsf2, EDoms and EDQyws, respectively, for grass
silages. The difference in the values could be tduthe low average ash content (84.5 g/kg
DM) of grass silages used by d#dnet al. (2009) compared to the ash content (102.2 g/kg
DM) of the grass silages used in the present samdlythe different number of grass silages
(n=40) studied by J&ik et al. (2009). The average value for @ in the present study was
0.545, which is lower than the KRB value of 0.660 reported for grass cubes (Steetsit),
1994). Lag time varied between the different sampliegrass silages. In the present study,
there was no relationship found between the lag tamdky of NDF of grass silages. Varga
and Hoover (1983) also did not find relationshipween the lag time ankiy of NDF. The
average Ebr was 0.610 in the present study which is comparabl¢he result (0.629)
reported by Von Keyserlinglet al. (1996). Castilloet al. (2001) reported a lower value
(0.571) for ERp of grass silages. The higher Evalue in the present study might be due to
the higher average CP content (169.5 g/kg DM) asgrsilages compared to the grass silages
(123 g/lkg DM) investigated by Castills al. (2001). Conest al. (2004) calculated the REP,
using the same REP formula as used in the preseay,sand reported average values of
0.270 and 0.316, for low and high DM grass silagespectively. These values are lower than
the 0.390 obtained in the present study. The diffee in REP values is likely to be due to the
larger range in CP content (128-305 g/kg DM) in dihass silages used by Caatal. (2004)
and the grass silages (108-222 g CP/kg DM) usethénpresent study. De Boeverr al.
(2004) reported an average REP fraction of 0.244fass silagesThe low REP fraction in
case of De Boevest al. (2004) might be due to the variation in CP cotiten

Different protein evaluation systems use diffedgntalues for the calculation of Ea Tuori

et al. (1998) compared the values of &lxalculated using differerk, values originating
from different protein evaluation systems. In thhesent study, thedg values were used in
equation 2 to calculate the gpfor the grass silages (Table 5). The use of diffek, values
led to different calculated values of Ebfor the same grass silages. The use of diffekent
values might lead to underestimation or overestonabf the ERp in different protein

evaluation systems.
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The regression analyses showed that there aréredhips between W, U, D and ED of DM,
OM, CP and NDF and the chemical composition ofgtess silages (Table 4). The regression
equations show that the 3/ and ym contents were influenced by the contents of DM and
NDF in the grass silage samples. A similar relaiop was reported by J&k et al. (2009)

for grass silages. The EPis affected by the CP content in the forage. Tdrade with a
higher CP content resulting in a higher value fBcVik-Mo, 1989). In the present study, a
strong relationship was found between thecEBnd the CP content of grass silages. The
regression analysis showed that theckas affected by the contents of CP but also NDF
and ADF in the grass silages. ThedrWas positively related to NDF content and negétive
related to ADF content. It might be due to preseot@emicellulose content in NDF that
restrict the CP degradation. The regression arsalyBowed that the ¥¥ and Qxp were
mainly influenced by the content of CP while therWas influenced by the contents of CP
and sugar in the grass silages. The REP was alfégtthe DM and CP contents in the grass
silage samples. Theygr content influenced by the NDF content in the gsilsgies while the

Unpr content was influenced by the contents of sugdr4DL in the grass silages.

Table 6 Regression equations' derived using DVE/OEB,y, database (Personal
communication, Product Board Animal Feed, The Netherlands)
Regression equations
Crude protein (CP)
% W = 94.35 - 0.10 DR
% U =-0.03 CP + 0.03 NDF
kg = 38.40 + 0.02 CP - 0.14 NDF + 0.0001 NDF

Neutral detergent fibre (NDF)
% U = 40.90 - 0.65 DOR# 0.05 NDF
ks =6.13 - 0.006 NDF
! These are unpublished regression equation recéigetthe product board animal feed,
the Netherlands. No regression equations were etéfior dry matter and organic matter.
Information about Rvalues and root mean square error is not available.
2 Dry matter.
® Neutral detergent fibre.
* Digestion of organic matter.

The new regression equations can be used for tieagi®n of W, U, D and ED of DM, OM,
CP and NDF of grass silages. The old regressiomtems were derived for only CP and
NDF (Table 6). The information abouf Ralues of those equations was also missing. New
regression equations derived from new databasebeansed as acceptable estimates for

rumen degradation characteristics of DM, OM, CP Ibdr of grass silages.
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Conclusions

The rumen degradable fractions of DM, OM, CP and-N&re influenced by the large range
in the chemical composition of the grass silagé® ew database is more reliable because it
is obtained under uniform experimental conditionsd ahe variation in the chemical
composition of grass silages used in practice isem. The present study reports
relationships between the chemical compositioniarsitu rumen degradation characteristics
of dietary fractions or nutrients of grass silagésnumber of the developed regression
equations with high R values give acceptable estimates of the rumen adaton

characteristics of the dietary fractions or nutisenf grass silages.
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Chapter 4

Abstract

Factors affectingn situ rumen degradation characteristics of differenti$teffs have been
extensively studied. Data on the variability in enndegradation of maize and grass silages
between individual animals remain scarce. The ¢bof this study was to determine either
three cows are sufficient or not to cover the \tamabetween individual cows im situ
rumen degradation characteristics of dry matter Y\Ddganic matter (OM), crude protein
(CP), starch and neutral detergent fibre (aNDFamhfaize and grass silages. Fifteen maize
and 15 grass silage samples, with a broad rangkemical composition, were selected. The
maize and grass silage samples were incubatee iruthen for 2, 4, 8, 16, 32, 72 and 336 h,
using the nylon bag technique. Three cows were @isedylon bag incubation of maize
silages and three other cows for grass silages.vahation between individual cows was
significant for degradation rat&;j of DM (P=0.02), OM P=0.03) and CPR=0.005), and the
effective rumen degradability (ED) of DMP£0.01) and CP R<0.001) of maize silages
whereas no significantP0.05) differences were found for the rumen undigpée (U)
fraction and potentially rumen degradable (D) fiactof DM, OM and CP, and all the
parameters of starch and aNDFom. The variation detvindividual cows was not significant
(P>0.05) for U, D,ky and ED of DM, OM, CP and aNDFom of grass silagdse Tata
indicate that the use of three animals for nylog beubations of grass silage samples is
sufficient. In addition, the pooling of rumen inaibd residues of three cows after each
rumen incubation period for grass silages is albbteeget a representative sample. For maize
silages, a number of estimates related to DM, OM & were significantly different
between cows, necessitating the use of four or rmones forin situ nylon bag incubations of

maize silages.
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Introduction

Dietary nutrient availability is essential inforrimat to ensure that the nutrient requirements of
animals are met. Several situ, in vitro andin vivo techniques have been developed to
measure nutrient availability and over the pastades, much research has focussed on
determining the nutritive value of major foraged &eed ingredients used in dairy cow
nutrition. Thein situ (in sacco) technique has been extensively used for the métation of
the degradation of different chemical componentshim rumen (De Boevest al., 2002;
Homolka et al., 2007; Jatik et al., 2008). Factors affecting the results of thésesitu
techniques include bag and pore size, sample kagp material, bag insertion and removal
procedures, rumen incubation time, number of rapicanimals, animals, diet of the
experimental animals, feeding level, feeding fremye rinsing procedure, mathematical
models, and microbial contamination (Michalet-Darehal., 1992; Vanzangt al., 1998). A
number of these factors have been extensivelyeiu@Veakleyet al., 1983; Van der Koelen
et al., 1992; Castillo-Gallegoet al., 2012). Less focused has been directed on igastg
the variation between individual animals for nylmag incubations of forages.

In the past, many studies have been conductedi¢ondi@e thein situ rumen degradability of
dietary fractions or nutrients of maize and gralsgss. In many of these studies, an arbitrary
assumption was made that chemical analysis of donlenen incubated residues of two
(Ranjbariet al., 2007; Jatik et al., 2009), three (Voldert al., 2002; Coneet al., 2004;
Jenseret al., 2005), four (Fernandeat al., 2004; Lundet al., 2007) or six (Narasimhalet

al., 1989; Von Keyserlingkt al., 1996; Shannakt al., 2000) cows is sufficient to provide a
representative sample. However, little data existhe scientific literature to determine the
validity of this assumption for nylon bag incubaisoof forages. Various ruminant feed
evaluation systems such as the DVE/Q&Bsystem (Van Duinkerkest al., 2011) in the
Netherlands and the NorFor - the Nordic feed ewmlnasystem (Volden, 2011) used in
Denmark, Norway, Iceland and Sweden recommend @écthree cows for rumen incubation
of feeds and allow pooling of rumen incubated nesgdto perform chemical analysis on
representative samples. The use of three cows ywnmnbag incubations has not been
validated for maize and grass silages which arentonfy fed to dairy cows in the Europe. In
the past, few studies were performed with othedde® determine the variation between
individual cows. Weaklegt al. (1983) observed no significant differences betwiedividual
animals (n=4), days of incubation and periods gfegdnentation on ruminal disappearance

of dry matter (DM) of soybean meal whereas sigaific differences between individual
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animals inin situ nitrogen (N) disappearance were observed. Figebidl. (1972) found
significant differences between steers (n=2isitu rumen DM degradability for barley and
sorghum. Recently, ain situ study conducted by Castillo-Galleges al. (2012) with
kinggrass leaves showed no significant differendetween cows (n=3) for DM
disappearance and concluded that two cows areignifi As the experimental costs increase
significantly with increasing animal numbers, betwweanimal variation is essential to obtain
cost-effective estimates fam situ rumen degradation of maize and grass silages.

This study was designed to determine either thmescare sufficient or not to cover the
variation between the individual cows iin situ rumen degradation characteristics of DM,
organic matter (OM), crude protein (CP), starch aedtral detergent fibre (aNDFom) for

maize and grass silages.

Materials and methods

Samples selection and rumen incubations

Fifteen maize and 15 grass (maitlglium perenne) silage samples (~5 kg per silage) were
obtained during 2007, 2008 and 2009 from variouscbwommercial farms located in
different regions in the Netherlands. The sampleseveollected by trained technicians from a
feed analysis laboratory (Blgg Research, Wageningba Netherlands) using a hollow drill.
After collection, the samples were stored at -20A@I processing. Next, frozen samples were
cut using a bread slicer (JAC Duro BEL 450; ABOgkgeThe Netherlands) having a distance
of 11 mm between the discs, thoroughly mixed bydhamd divided into three parts; one part
(~2.5 kg) was subjected to chemical analyses #&ftere drying and grinding (3 mm), another
part (~1.5 kg) was stored at -20°C for later nyb@g incubations, and the third part (~1.0 kg)
was stored (-20°C) as a reserve for possible fuanedysis. The chemical composition of the
maize and grass silage samples is presented ie Tabl

Six multiparous (second or third lactation) HolstEriesian cows, producing >15 kg milk per
day and fitted with permanent rumen cannulas, weegl in this experiment. Cows were fed a
total mixed ration (for composition see Table Zimapter 2) and had 24 h/day access to fresh
water. Information on age, lactation number, millogquction, milk protein, and milk fat
production of the six cows used for the maize aredgsilage rumen incubations is presented
in Table 2. Three cows (Cow 1, 2 and 3) were usedriaize silages nylon bag incubations

and other three cows (Cow 4, 5 and 6) were usegréms silages nylon bag incubations.
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Table 2 Information about the cows used for maize and grass silage rumen incubations
Maize silage rumen

Grass silage rumen incubations

Variable incubations

Cow 1 Cow2 Cow3 Cow 4 Cow 5 Cow 6
Age (days) 1754 1717 1654 1388 1397 1271
Lactation number 2 3 2 2 2 2
Milk production, 305 days (kg) 9051 8299 9425 8528 9068 8413
Milk protein, 305 days (kg) 323 336 301 297 319 129
Milk fat, 305 days (kg) 459 428 363 369 392 392

The maize and grass silage samples (~5 g DM) wergh&d into 10 cm x 19 cm nylon bags
(porosity 24 %; pore size 37 um; Nybolt, Zurich,i@erland) and incubated in the rumen for
2,4, 8,16, 32, 72 and 336 h according to thegaore used by Akt al. (2012). The 0 h bags
were washed in a washing machine (AEG-Electroluxo Qlurnamat 2800, Stockholm,
Sweden) for 40 min using tap water at 25°C withimgubation in the rumen. The washed
bags were stored at -20°C for at least 24 h, sulesely freeze dried and the residues were
used to calculate the washout (W) fraction. Sixsbafjeach maize and grass silage sample
were incubated in the rumen of the three cows (& lmer cow per incubation time) for 2, 4,
8, 16, and 32 h. Because of the low recovery dfitiated residues per nylon bag for the 72
and 336 h incubation periods, 9 bags of each s#ag®le were incubated in the rumen of the
three cows (3 bags per cow per incubation time}Hese incubation periods. After removal
from the rumen, bags were frozen at -20°C for asti@4 h, after which the bags were thawed
and washed in the washing machine as describecedbo® h bags. The washed bags were
stored at -20°C and subsequently freeze driede&oin maize and grass silage sample, rumen
incubation residues from each cow after each ruimarbation period were ground separately
over a 3 mm sieve, using a hammer mill (Pepping) 2IN-797002, Deventer, The
Netherlands).

Chemical analysis and calculations

The ground freeze dried maize silage samples weaéyzed for DM, ash, CP, crude fat

(CFat), sugar, starch, aNDFom, ADFom (acid deterfibre expressed exclusive of residual

ash) and lignin (sa). The ground freeze dried gsdage samples were analyzed for DM, ash,
CP, CFat, sugar, aNDFom, ADFom and lignin (sa). gteeind rumen incubated residues of
maize silages were analysed for DM, ash, CP, starch aNDFom, whereas the ground

rumen incubated residues of grass silages wergsathfor DM, ash, CP and aNDFom.
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The DM content was determined by oven drying at’Co®r 4 h (ISO 6496) and ash content
by incineration at 550°C for 4 h (ISO 5984). Thechintent was determined using the
Kjeldahl method (ISO 5983) and CP was calculateN#8.25. Starch was determined using
the amyloglucosidase method (ISO 15914) after tliswp in 100% dimethyl sulfoxide.
Neutral detergent fibre (aNDFom) was determinedating to the modified method of Van
Soestet al. (1991), using amylase and expressing withoutuediash (ISO 16472). Acid
detergent fibre (ADFom) was analysed by boilinghvwatid detergent reagent and expressed
without residual ash (ISO 13906:2008). Lignin (sss determined after boiling with acid
detergent reagent and solubilization of cellulost wulphuric acid (ISO 13906:2008). The
CFat was determined by ISO 6492 and sugar contastdetermined by the Luff-Schoorl
method (NEN 3571:1947nl).

The fractional degradation ratie) of DM (Kg.om), OM (K4-om), CP Ky-cp) and starchk.starcy

was calculated according to the first order mod&tabinsonet al. (1986) including U, D and
kg:
Y =U + D x exp (-kg x t) (1)

where Y = degradation at time t, U = the rumen undegraddkdction, R = fraction
potentially degradable in the rumen at time ttin¥e of incubation (h).

Theky of aNDFom ky.anprom) Was calculated by the same model including ditag:
Yi=U+D xexp (kx (t- L)) @

where L = lag time.

The effective rumen degradability (ED) of DM (B, OM (EDow), starch (ERare) and
aNDFom (ERQnprom) Was calculated according to the equation of @rshod McDonald
(1979):

ED=W + ky/ (ka +kp) xD

where W = washout fractiork, = fractional passage ratefhand D = potentially rumen
degradable insoluble fraction.

The EDhw and ERv of maize and grass silages was calculated usirassumedk, value of
0.05 h'. For maize silages, & value of 0.06 1 was used for starch, based on Van
Duinkerkenet al. (2011). For maize and grass silagksyvalues of 0.020 and 0.025h
respectively, were used for aNDFom, based on dealbkaan (2004).

For forages, 5% of th&V fraction of CP was assumed to escape rumen datipad(Van

Duinkerkenet al., 2011) and is considered to be part of the ruestape protein (REP).
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Therefore, the ED of CP (EJp) was calculated by the modified equation used ther
calculation of ERy, EDonm, EDstarchand ERnprom

EDcp=0.95 x W +Kg/ (kg + ko)) x D

The k, value of 0.045 # for CP was adopted from the DVE/ORE system (Van
Duinkerkenet al., 2011).

It was assumed that 5% of the W fraction was ag@fdREP and REP was calculated using the
equation;

REP = U + K,/ (kg + k;)) x D +0.05 x W

Statistical analysis

Rumen degradability data of DM, OM, CP, starch ahDFom of maize and grass silages
after incubation in the rumen of the three cows 2or4, 8, 16, 32, 72 and 336 h were
summarized by descriptive statistics. Tagm, Ki-om. Ka.cp andky.starch Of Maize silages and
the Kq.om, Kg-om, @ndky.cp Of grass silages were calculated using model 1tla@klyanprom Of
maize and grass silages was calculated using nieISAS’ (2009). Variation between
individual cows was determined fax, D, ks and ED of DM, OM, CP, starch and aNDFom of
maize silages, and the DM, OM, CP and aNDFom ofgrsilages by PROC MIXED
procedure of SA% (2009). Variation between individual cows for difént incubation
periods was determined by PROC MIXED procedureAf%(2009). Data were analysed for
the fixed effect of cow and random effect of samaplsing the PROC MIXED procedure of
the SAS.

Yiik = W+ PS;+ 5+ e

where, Yjkis the dependent variablg;the general mean; PiS the fixed effect of cows(i =

1, 2, 3); $is the random effect of sample§ = 1 to 15 for maize silage samples and 1 to 15
for grass silage samplesJjy is the residual. Values were considered to diffgnificantly
whenP<0.05.

Results

The average values for U, B, and ED of DM, OM, CP, starch and aNDFom of theribze
silages for individual cows are presented in Tabl8tandard error of the mean (SEM) kgr
cpwas higher compared to tkgvalues of DM, OM, starch and aNDFom of the mailages
(Table 3). The range in the average values of\E@as larger compared to those for &b

EDcp, EDstarchand ERnprom Of the maize silages.
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Table 3 Average values, standard error of the mean and confidence interval for rumen undegradable
(U, %) fraction, potentially rumen degradable (D, %) fraction, fractional degradation rate (ky, h™) and
effective rumen degradability (ED, %)" of maize silages (n=15) for three cows

= - . —
sey —95% Confidence interval Significancé

Variable Cow 1 Cow 2 Cow 3 — —
Lower limit Upper limit  level forcows

Dry matter (DM)

Uom 16.21 16.49 17.26 0.31 15.74 17.56 NS
Dowm 55.70 55.42 54.65 0.31 54.35 56.17 NS
Kd-om 0.042 0.039 0.046 0.002 0.035 0.049 *
EDowm 53.13 52.09 54.21 0.61 51.36 54.94 *

Organic matter (OM)

Uom 16.36 17.55 17.93 0.47 15.90 18.66 NS
Dowm 55.57 54.37 54.00 0.47 53.26 56.02 NS
Kg-om 0.042 0.039 0.046 0.002 0.035 0.049 *
EDowm 53.21 51.76 53.74 0.59 51.18 54.62 NS

Crude protein (CP)

Ucp 29.72 28.58 29.90 0.42 28.19 30.61 NS
Dcp 18.41 19.56 18.24 0.42 17.53 19.95 NS
Ka.cp 0.029 0.021 0.035 0.004 0.016 0.040 *x
EDcp 57.46 56.44 58.23 0.52 55.86 58.90 b
REF 42.54 43.56 41.77 0.52 41.10 44.14 i
Starch
Ustarch 0.51 0.41 0.32 0.05 0.27 0.57 NS
Dstarch 55.02 55.12 55.20 0.05 54.96 55.26 NS
Kd-starch 0.101 0.096 0.096 0.002 0.093 0.103 NS
EDstarch 78.61 77.92 77.35 0.36 76.90 79.02 NS

Neutral detergent fibre (aNDFG

UanpFom 25.25 2415  23.72 0.46 23.04 25.70 NS
DanpFom 75.13 7402 7359 0.46 72.92 75.58 NS
Ke-anDFom 0.026 0.026  0.029  0.001 0.024 0.030 NS
Lag time (h) 4.88 5.55 4.88 0.22 4.47 5.75 NS
EDanprom 4128 4127  42.30 0.34 40.63 42.61 NS

! The EG and EQy was calculated using a value of 0.05 for the passage rate. The &DEDsuren and
EDanoromWere calculated using passage rate values of Gii4%06 K and 0.020 1, respectively.

2 standard error of the mean.

%NS, not significant® > 0.05); *, 0.01<P < 0.05; **, 0.001<P < 0.01; ***, P < 0.001.

4 Rumen escape protein. 5 % of idraction was added in REP.

® Neutral detergent fibre assayed with a heat stabldase and expressed exclusive of residual ash.
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The range in average values for REP of maize sldgtween the three cows was 41.8 to
43.6% (Table 3). The lag time for aNDFom degraaatd maize silages for the three cows
ranged from 4.88 to 5.55 h (Table 3). The W fratfior DM, OM, CP, starch and aNDFom
of maize silages was 28.1, 28.1, 51.9, 44.5 anthOr2spectively. There was a significant
difference between individual cows fy.pm (P=0.02), ERym (P=0.01),Ky-om (P=0.03),Ky-cp
(P=0.005), ERp (P<0.001) and REPR<0.001) when fed the maize silages whereas no
significant difference f>0.05) was observed for others parameters. Theageerumen
degradability of DM, OM, CP, starch and aNDFom bfritaize silages after incubation in the
rumen of the three cows for 2, 4, 8, 16, 32, 72| 886 h are presented in Figure 1. The
differences in rumen degradability between indigildoows were found significant for DM
and OM of maize silages at rumen incubated perioid4d6 (0.001€<0.01) and 72 h
(P<0.001). The differences in CP rumen degradabiigyween individual cows were found
significant at rumen incubation periods of B-0.005) and 72 hR<0.001). The differences
in aNDFom rumen degradability between individualvsowvere found significant at rumen
incubation periods of 167£0.007) and 72 hR=0.001).

The average values for individual cows for U kpand ED of DM, OM, CP and aNDFom of
15 grass silages are shown in Table 4. Variatidwdsen individual cows was not significant
(P>0.05) for U, D,ky and ED of DM, OM, CP and aNDFom of grass silaJége between-
cow variation in thégand ED values was somewhat larger for aNDFom coadp@rthose of
DM, OM and CP of grass silages. The variation betwie cows was relatively small for all
the parameters of DM, OM, CP and aNDFom of grasges, compared to those of maize
silages. The range in average REP values of 15 gitege samples for three cows was 43.3
to 43.6% (Table 4). The average lag time for aNDFtagradation was 5.24, 3.75 and 4.18 h
for cow 4, 5 and 6, respectively (Table 4). The Mtfion for DM, OM, CP and aNDFom of
grass silages was 19.3, 14.9, 38.3 and 0.8%, rixgglgc The average rumen degradability of
DM, OM, CP, and aNDFom of the 15 grass silages afteubation in the rumen of three
cows for 2, 4, 8, 16, 32, 72, and 336 h are preskeint Figure 2. The differences in rumen
degradability between individual cows were foungnsficant for CP at 4 hR=0.006) and
aNDFom at 2 hR=0.04). The differences between the cows in DM nurdegradability of

grass silages were tend to be significant atR=49(054).
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Table 4 Average values, standard deviation, confidence interval limits values for rumen undegradable
(U, %) fraction, potentially rumen degradable (D, %) fraction, fractional degradation rate (kg, h™) and
effective rumen degradability (ED, %) of grass silages (n=15) for three cows

95% Confidence interval  sjgnificancé

Variable Cow 4 Cow’5 Cow 6 SEM Lower limit  Upper limit level for cows

Dry matter (DM)

Upbm 20.79 21.26 21.53 0.21 20.57 2181 NS
Dowm 59.92 59.45 59.18 0.21 58.90 60.14 NS
Kg-om 0.040 0.040 0.041 0.001 0.038 0.042 NS
EDom 44.83 45.35 44.93 0.16 44.58 45.50 NS

Organic matter (OM)

Uowm 20.29 20.99 21.04 0.24 20.06 21.48 NS
Dowm 64.76 64.06 64.02 0.24 63.57 64.99 NS
Ka-om 0.037 0.039 0.040 0.001 0.036 0.042 NS
EDowm 41.57 42.80 42.26 0.35 41.18 43.24 NS

Crude protein (CP)

Uce 29.75 29.24 28.53 0.35 28.14 30.20 NS
Dcp 31.96 32.47 33.19 0.35 31.51 33.57 NS
Kg-cp 0.073 0.074 0.076 0.001 0.071 0.077 NS
EDcp 56.45 56.57 56.71 0.08 56.36 56.80 NS
REP 43.55 43.43 43.29 0.08 43.20 43.64 NS

Neutral detergent fibre (aNDFGn

UanpFom 21.08 21.84 21.58 0.23 20.84 22.16 NS
DanpFom 78.11 77.35 77.62 0.23 77.03 78.35 NS
K4-anDFom 0.039 0.052 0.036 0.005 0.027 0.057 NS
Lag time (h) 5.24 3.75 4.18 0.44 3.09 5.69 NS
EDanprom 48.02 48.21 47.03 0.36 46.69 48.81 NS

! The EQyy and EQyy was calculated using a value of 0.05fbr the passage rate. The &Rnd EQupromWere
calculated using passage rate values of 0.04&nk 0.025 #, respectively.

2 Standard error of the mean.

® Not significant P > 0.05).

4 Rumen escape protein. 5 % of the W fraction wateddn REP.

5 Neutral detergent fibre assayed with a heat stabldase and expressed exclusive of residual ash.
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Figure 1 Average rumen degradability of (A) dry matter, (B)ganic matter, (C) crude
protein, (D) starch and (E) neutral detergent filré5 maize silages after incubated for 2, 4,
8, 16, 32, 72, and 336 h in the rumen of covil 2 {I) and 3/ ). Error bar represents +
standard error of the mean. **, (0.00%<0.01) and ***, (<0.001) indicate significant
differences between the cows.
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Figure 2 Average rumen degradability of (A) dry matter, (B)ganic matter, (C) crude
protein and (D) neutral detergent fibre of 15 grsifages after incubated for 2, 4, 8, 16, 32,
72, and 336 h in the rumen of cowtd ( )[J ( ) ar{@)6 Error bar represents + standard error
of the mean. * (0.01R<0.05) and **, (0.001R<0.01) indicate significant differences
between the cows.

Discussion

Factors affecting thén situ rumen degradation characteristics of DM, OM, CBrch and
aNDFom of different feedstuffs have been extengiwe¢ll studied. There are much less
scientific publications, however, reporting the igtion between individual cows in rumen
degradation characteristics of forages. In margitu studies, an arbitrary assumption is made
that chemical analysis of pooled rumen incubatesidues of two (Ranjbarét al., 2007;
Jartik et al., 2009), three (Voldent al., 2002; Coneet al., 2004; Jensest al., 2005), four
(Fernandezt al., 2004; Lundet al., 2007) or six (Narasimhakt al., 1989; Von Keyserlingk
et al., 1996; Shannakt al., 2000) animals is sufficient to provide a repreaive sample.
Pooling of samples is predominantly done to redtive costs of chemical analyses.
Authoritive feeding tables such as those of the GWEhe Netherlands (CVB, 2003) and the
NorFor - the Nordic feed evaluation system use®@mmark, Norway, Iceland and Sweden
suggest pooled samples of three cows (Volden, 20dfrmation on the variation between
animals is important for providing rapid estimateBich can be used with confidence in

practical feed formulation.
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Maize and grass silages are used extensively @ dedry cows in the Europe and Latin
America. The difference between individual cows the present study was significant
(P<0.05, P<0.01 andP<0.001) for a number of parametekg.dy, EDom, Kd-om, Kd-cpand
EDcp) in the case of maize silages. Others have alsadfgignificant differences between the
cows in rumen degradation of dietary nutrientsthie case of grass silages, no significant
(P>0.05) difference between cows was found for U,kpand ED of DM, OM, CP and
aNDFom. Weaklewt al. (1983) found no signficant differencd®>0.1) betweerin situ DM
disappearance between the four cows but foundfiigni differencesR<0.1) inin situ N
disappearance of soybean meal. Figmbidl. (1972) found that thim situ DM disappearance
of barley and sorghum was significantly differe<Q.01) between two steers. Castillo-
Gallegoset al. (2012) reported a smaller variance between cowisifsitu DM disappearance
of kinggrass leaves than the variance between &ftgysdifferent rumen incubation periods.
The average values forph, ke.om and ERw of the three cows in the present study were
55.7%, 0.042 # and 53.1%, respectively. Ranjbatial. (2007) reported values of 48.9%,
0.040 K and 48.0% for Bw, ks.om and ERw of maize silages, respectively. The differences
in the Dby and EQm between the two studies may be due to the highageeDM content
(348 g/kg fresh matter) of the maize silages ingresent study compared to those used (234
g/kg fresh matter) by Ranjbagi al. (2007). The reason for the differences betweersda
the CP rumen degradability observed here may be tdudhe effect of microbial
contamination of rumen incubated residues as nyag residues were not corrected for
microbial contamination in the present study. Mitab contamination is one of the main
factors that affect the results of thesitu CP degradation of forages (Oluboboketnal.,
1990; Gonzaleet al., 2010).

In the present study, the differences between ohes dor all parameters (DM, OM, CP and
aNDFom) of grass silages were relatively small careg to the maize silages. The average
values of the three sows forcp kq.cp and EQp for the grass silages were 29.8%, 0.073 h
and 56.5%, respectively. Von Keyserlingkal. (1996) reported values of 20.7%, 0.088 h
and 33.0% for e, ky.cp and EQp, respectively. The differences in the values betwieoth
studies could be due to the different average Ceot of the grass silages (1%9 131 g/kg
DM) as a high CP content of forages results in &id¢kD-p values (Vik-Mo, 1989).

Differences between individual cows in rumen deghality were also assessed for specific
rumen incubation periods. There were significaffedgnces in rumen degradability between
individual cows for DM, OM, CP and aNDFom of makitages at rumen incubation periods

of 16 and 72 h. The starch rumen degradability aifzen silages between individual cows was
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not significant P>0.05) at all rumen incubation time periods. Theea degradability of CP
of grass silages also shows significant (0R4&:.05) differences between individual cows at
4 h. The significant differences only for 4 h midig due to the microbial contamination of
CP residues. The differences between the cowsnremudegradability were relatively small

for grass silages compared to maize silages aifgpesnen incubation periods.

Conclusions

Pooling of rumen incubated residues of three cowis isitu degradation studies after each
rumen incubation period is sufficient to obtainiresttes for degradability of dietary fractions
or nutrients for grass silages. For maize silagesjmber of estimates related to DM, OM and

CP were significantly different between cows, neitating the use of four or more cows.
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Chapter 5

Abstract

The Dutch feed evaluation system for ruminants asesmptions and regression equations to
estimate the intestinal digestibility of crude miat (CP), neutral detergent fibre (NDF) and
starch. These assumptions and equations are basedrny different studies, obtained over a
very long period. The objective of this study waglevelop a unique dataset on the ruminal
degradability and the postruminal digestibility 6P, NDF (aNDFom, amylase neutral
detergent fibre organic matter basis) and staramaize and grass silages, using the mobile
nylon bag technigue. Twenty samples of maize sikgys 20 samples of grass silage were
used. The samples were selected to represent @ baoge in digestibility and chemical
composition. Prior to the intestinal incubatiorsmples were incubated in the rumen for 6 h
(starch), 12 h (CP) or 24 h (aNDFom) using the mumglon bag technique. Residues from
the rumen incubations were transferred to mobilemypags and inserted in the duodenum
through a cannula. Half of the bags for CP andcktarere collected from the ileal cannula
and the remaining half of the bags from the faeEes.aNDFom, all the bags were collected
from faeces. There was a large variation in the emindegradability and the intestinal
digestibility (small and/or large intestine) of C&NDFom and starch. The rumen degradable
fractions, the intestinal digestible fractions ath total tract undigested fractions of CP,
aNDFom and starch were influenced by their propaosdiin the maize and grass silages. The
results proved the assumption of the Dutch feetliatian system that the rumen undegraded
starch is completely digested in the small intesthdairy cows. Regression showed that the
rumen degradability, the intestinal digestibilitgcathe total tract undigested contents were

influenced by the chemical composition of the maird grass silages.
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Introduction

Different ruminant feed evaluation systems, suchtles DVE/OEBg, system in the
Netherlands (Van Duinkerkeet al., 2011), the Feed into Milk (FiM) system in the UK
(Thomas, 2004) and the Cornell Net CarbohydrateRnotein System (CNCPS) in the USA
(Fox et al., 2004), use assumptions and simple models taleddcthe intestinal digestibility
of rumen undegraded feed protein. The Dutch DVE/@RBystem uses data of differant
situ experiments to derive regression equations fanraber of feed value parameters. These
data are derived from experiments performed atewdifit institutes, 20 to 50 years ago with
crop varieties and methods of ensiling which diffieem current practices and incubation
protocols have changed over time. However, datantastinal digestibility of CP of maize
and grass silages remain scarce (Van Stragtleh., 1993; Tamminga, 1994; Coret al.,
2006) and even less is known about the intestiigéstibility of neutral detergent fibre
(NDF) and starch of maize and grass silages (C\B,/2 Furthermore, the DVE/OERBq
assumes that the rumen undegraded starch from ragége is completely digested in the
small intestine (Van Duinkerkeet al., 2011). These limitations highlight the need rivore
accurate regression equations on rumen degragadilid intestinal digestibility as well as
new knowledge on the intestinal digestibility of @NDFom (neutral detergent fibre assayed
with a heat stable amylase and expressed exclosikesidual ash) and starch of maize and
grass silages to improve predictive power of theEBMEB,10 System.

The aim of this study was to investigate the relathip between the chemical composition
and the determined intestinal digestibility for @ aNDFom in maize and grass silages as
well as starch in maize silages, in order to dgvelew regression equations for the Dutch
DVE/OEBy010 System.

Materialsand Methods

Selection of maize and grass silages

One hundred maize and 100 grass silage samplek{i€r silage) were obtained during the
growth seasons in 2007, 2008 and 2009 from difteBarich commercial farms located in

different regions in the Netherlands using a holtll by trained technical assistants from a
commercial company (Blgg AgroXpertus, Wageningehe Netherlands). After collection,

individual silages were thoroughly mixed, dividedtivo parts with one part air dried and
subjected to chemical analyses while the other Wwal§ stored (-20°C) at Wageningen UR

Livestock Research, Lelystad, The Netherlands.
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Postruminal degradation of maize and grass silages

Table 2 Composition (g/kg DM in TMR") of diets fed to cows during the rumen nylon bag
incubations (Diet 1) and mobile nylon bag incubations (Diet 2)

Feed ingredient Diet 1 Diet 2
Maize silage 2374 297.9
Grass silage 395.8 199.4
Grass hay/wheat straw 135 -
Rapeseed cake - 85.4
Soybean meal - 111.9
Barley (rolled) - 99
Barley whole crop silage - 122
Soybean expeller 47.4 -
Dried sugar beet pulp - 67.6
Sweet syrup 9.5 -
Wet distillers grains 84.3 -
Soybean expeller (rumen protected) 18.6 -
Minerals 10.9 11.1
Salt - 2.2
Vitamin mixture - 1.3
Lime - 2.2
Concentrate 182.6

! Total mixed ration.
% Calcium, 7 g/lkg DM in TMR; phosphorus, 4.1 g/kg DMTMR.
% Vitamin A 1000 (606 IU), vitamin D 1000 (42.5 IW)itamin E (2343 mg).

After chemical analyses of the air dried mate28l,maize silage and 20 grass silage samples
were selected to provide a range in chemical coitippsand silage quality parameters (Table
1). Each selected sample (maize or grass silage)owausing a bread slicer, thoroughly
mixed and divided into three parts; one part wdgesied to chemical analysis after freeze
drying, the other part stored (-20°C) for laterarylbag incubations, and the third part was

stored (-20°C) as a reserve.

Ruminal incubations

Three multiparous Holstein Friesian cows (produciih kg milk per day), fitted with
ruminal cannulas were used for rumen incubationg/ageningen UR Livestock Research,
Lelystad, The Netherlands. Cow were fed diet 1 [@&) twice a day and had 24 h access to
water. All the maize and grass silage samples wengbated in the rumen according to the
CVB (2003) protocol. Dry matter content of indivadlumaize and grass silage samples was
determined prior to rumen incubations. Fresh sarfiflieg DM of maize or grass silage) was
weighed into 10 cm x 19 cm nylon bags (Pore sizeudtt Nybolt, Zurich, Switzerland) to
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determine rumen degradability. The maize silagepsesrwere incubated in the rumen for 6 h
for starch degradation, 12 h for CP degradation2thtl to determine aNDFom degradation.
The grass silage samples were incubated in therrdarel2 h for CP degradation (Cone et
al.,, 2006) and 24 h to determine aNDFom degrada#dier removal from the rumen, the
bags were washed for 40 min in a washing machiimguap water at 25°C where after the
bags were frozen at -20°C for at least one dayrbdfeeze drying. The freeze dried rumen
incubated residues of the three cows for each naidegrass silage sample were pooled and
ground (Pepping, Deventer, The Netherlands 200 BRB02) over a 1 mm sieve. The
ground rumen incubated residues were transportedeomark for mobile nylon bag

incubations.

Pretreatment and intestinal incubations

Three multiparous Holstein Friesian cows (produckih kg milk per day), fitted with
duodenal and ileal cannula were used for intestimalbations at the Department of Animal
Science, Aarhus University, Foulum, Denmark. CovesenMed diet 2 (Table 2) twice a day
and had 24 h access to water. Approximately 0.5 graund rumen incubated residue along
with two iron balls (6 mm diameter) were put intei® x 6 cm mobile nylon bags (pore size
12 um; polyester, Saatitech S.p.A., 22070 Veni@uwmo, Italy) and heat sealed (Elwis-pack
A/S, Denmark). The bags were soaked in a 0.004 M $dlition at pH 2.4 for 1 h where
after the bags were incubated for 2 h in a pepgdh-gdlution (100 mg pepsin A/S Orthana,
1:10.000 dissolved in 1 L of 0.004 M HCI) at 40°€ a shaking water bath. After that,
maximum 12 bags were daily inserted (two bags @480 min intervals) via the duodenal
cannula into each cow. Six bags per sample (maizgrass silage) were inserted in the
duodenal cannulas of three cows (2 bags per cavgN®Fom. All bags were collected from
the faeces by washing in a sieve bucket. Twelve Ipag sample (maize or grass silage) were
incubated in the intestinal tract of the three @aiows (4 bags per cow) for CP and starch.
Half of the bags for CP and starch incubation vesiiected from the ileal cannula by placing
a magnet (round-ended cylindrical, 7.5 cm x 1.5,dm)d by a rubber stopper into the ileal
cannula. The remaining half of the bags was catéétom the faeces by washing in the sieve
bucket. After recovery, bags were washed in a washiachine using tap water at 25°C and
then the washed bags were frozen at -20°C forast lene day. After that, the bags were
freeze dried and transported back to the Netheslafide mobile nylon bag residues of each
maize and grass silage sample were pooled and ggaind to 1 mm sieve in a small grinder

(Tecator, Sweden, serial no. 2671) for chemicalysiga
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Chemical analysis

Dry matter (DM) was determined by drying at 103°@ # h (ISO 6496) and ash by
incineration at 550°C for 4 h (ISO 5984). Ash fildBF (aNDFom) was determined by a
modified method of Van Soest al. (1991) with the use of heat stable amylase bthowui
sodium sulphite (ISO 16472). Acid detergent fiokd®Fom) was determined by boiling with
ADF reagent and expressed without residual ash (18@06:2008). Lignin (sa) was also
determined after boiling with ADF reagent and aatmeent with sulphuric acid (ISO
13906:2008). The N was determined by the Kjeldalethod (ISO 5983) and CP was
calculated as Nx6.25. Starch was determined udieg amyloglucosidase method (ISO
15914) after dissolving in 100% dimethyl sulfoxide.

Calculations

The intestinal digestion of rumen undegraded faetepr (DRUP, g/kg DM) was calculated
using the following equation from the Dutch protedvaluation system DVE/ORByy
(Tammingeet al., 2007):

DRUP = CP x RUP/100 x dRUP/100

where CP = Crude protein (g/kg DM), RUP = Rumenagmndded protein (g/kg DM), dRUP =
Intestinal digestibility of the rumen undegradedderotein (g/kg DM).

The values of RUP and dRUP obtained in the presteidy were used in the above equation
for the calculation of DRUP. In the DVE/OE43; system, the RUP is calculated as Ukg/(
(ka + ko)) x D where U is a CP fraction not degradable lipen microbes, D is a potentially
degradable CP fractiorky is the rate of degradation of the D fraction dgds the rate of
passage. In the present study, RUP was the und=Ebr@® content after 12 h rumen
incubation. Calculated values of DRUP were compangth the determined intestinal

digestion values of rumen undegraded feed protsimguthe mobile nylon bag technique.

Statistical analysis

Data on rumen degradability, small intestinal diipity, large intestinal digestibility and
total tract undigested fractions of CP and staashwell as the data on rumen degradability,
intestinal digestibility and total tract undigestatlDFom fraction were summarized by
Descriptive Statistics of SAS 9.2. Pearson coriatatoefficients were determined between
the rumen degradable, intestinal digestible andl tohct undigested fraction by the PROC

CORR procedure in SAS 9.2. Regression equationg werived to estimate the rumen
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degradable, the intestinal digestible (small amgdantestinal) and the total tract undigested
contents of CP, aNDFom and starch from the chentigalposition of the maize and grass
silages using PROC REG procedure in SAS 9.2. Thekvwmxrd stepwise procedure was
followed to derive regression equations based oamitel composition, and presented
equations are with significant predictor®<(Q.1). For some parameters, no regression
equation was presented as none of the predictorgeg@rto be significant. These parameters
were large intestinal digestible content of CP @fiza silages, total tract undigested content
of CP of grass silages, intestinal digestible atdlttract undigested content of aNDFom of

maize and grass silages, and the rumen degradatilent of starch of maize silages.

Results

Crude protein

The rumen undegraded protein (RUP) fraction affeh bf incubation of the maize and grass
silages ranged from 0.328 to 0.580 and from 0.2685%75, respectively. The small intestinal
CP digestibility ranged from 0.250 to 0.503 for measilages and from 0.109 to 0.451 for
grass silages (Table 3). The RUP fraction affe¢chedintestinal digestible fraction and the
total tract undigested fraction of CP for the madrel grass silage samples (Figure 1). The
regression equations between the chemical composibf the silages and the rumen
degradable content, the small intestinal digestiiatent and the total tract undigested
content of CP for maize silages and the rumen dedpe content, the small intestinal
digestible content and the large intestinal digistcontent of CP for the grass silages are
shown in Table 4. The regression equations show tthex disappearance of CP in the
gastrointestinal tract was influenced by the CPaXBFom contents in the silages.

The relationship between the calculated intestiinggstion of rumen undegraded feed protein
(calculated DRUP) using the equation of DVE/QRBsystem and the determined intestinal
digestion of rumen undegraded feed protein (deteethiDRUP) measured after intestinal
incubation in the present study was checked byessipn. These regression lines resulted in
equations for DRUP of maize (eq. 1) and grassdesilages.

Calculated DRUP = 0.898 x Determined DRUP + 7.4%8(0.989) (1)

Calculated DRUP = 1.067 x Determined DRUP + 6.0%4=(0.990) (2)
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Postruminal degradation of maize and grass silages
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Figure 1 Ruminal degradable conteid ( , incubated in thesrufor 12 h), small intestinal
(&) and large intestinall ) digestible content, &ot@l tract undigested contell ( ) of crude
protein (CP, g/kg CP) of (A) maize (n=19) and (Bass silage (n=19).

Neutral detergent fibre (aNDFom)

Mean values for 24 h rumen degradation, the imtaktdegradable and the total tract

undigested fraction of aNDFom of the maize andg&silsige samples are presented in Table
3. The disappearance of aNDFom in the rumen wasehifpr the grass silages than for the

maize silages. On average, the aNDFom contentassgsilages (494 g/kg DM) was higher

than in maize silages (358 g/kg DM). The ruminajrdelable, the intestinal degradable and
the total tract undigested content of aNDFom (ggk¢PFom) for all the maize and grass

silages used in this experiment are shown in FiQurBegression analysis showed that the
rumen aNDFom degradability was influenced by th®B&bim content in the maize and grass

silage samples (Table 4).
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Figure 2 Ruminal degradable conterl( , incubated in theemrfor 24 h), intestinalm )
digestible content, and total tract undigested eain(_) of aNDFom (g/kg aNDFom) of (A)
maize (n=18) and (B) grass silage (n=20).
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Starch

The fraction of starch degraded in the rumen pluslisintestine was 0.984 to 1.00. The
fraction degraded in the large intestine and thal toact undigested fraction of starch were on
average less than 0.01 (Table 3). The ruminal dedpa, the small intestinal and large
intestinal starch degradable, and the total tractigested contents were compared for the

different samples of maize silages used in thegmtestudy (Figure 3).

1200 -

g 8 8 8

g

Degradable/ digestible starch
(g/kg starch intake)

-——TTT T T T T T T T T T T
8 1 7 2 5 1810 6 16 3 4 14 12 20 11 19 15 17
-200 -
Maize silages

Figure 3 Ruminal degradableZ] , incubated in the rumen fdr),6small intestinal& ) and
large intestinal® ) digestible, and total tract iges$ted content{{ ) of starch (g/kg starch) of
maize silage (n=18).

Discussion

Crude protein

The intestinal CP digestible fraction in the pressndy was 0.241 for grass silages. Cene
al. (2006) used low and high DM grass silages in dileamylon bag experiment and reported
0.255 intestinal CP digestible fraction for low Divlass silages and 0.224 for high DM grass
silages. In the present study, the total tract gested fraction of CP from the total tract was
0.124 for maize silages and 0.082 for grass silagbgreas Conet al. (2006) reported a
value for grass silage of 0.091 which is slightigher than the average total tract undigested
fraction of the 19 grass silages investigated is #tudy. This might be due to the high
average CP content of the grass silages used bg €ah (2006), which was 198 g CP/kg
DM, while in the present study the average was a8y g CP/kg DM. In the present study,
the whole tract CP digestibility for maize and gragages was 0.876 and 0.918, respectively.
Ttinacty et al. (2003) reported almost similar results for ma{@e879) and grass silage
(0.914). With an increase in rumen degradable contine intestinal digestible content
decreased (Hvelplund al., 1992; Coneet al., 2006). Similar results were observed in the
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present study (Figure 2). The ruminal degradatiomaize silages was negatively correlated
with the small intestinal digestion (r=-0.978<0.001) and the large intestinal digestion (r=-
0.048,P=0.843), and the ruminal degradation of grass eflagas negatively correlated with
the small intestinal digestion (r=-0.988<0.001) and positively correlated with the large
intestinal digestion (r=0.424#=0.071).

The regression lines for maize and grass silagewesth a strong linear relationship between
the calculated (used values of present study iratému of DVE/OEBqo; and determined
(present study) values of DRUP. In the DVE/QRBsystem, the RUP is calculated as U +
(ko / (ka+ kp)) * D but in the present study, RUP was calculaied 000 - CP (g/kg) degraded
after 12 h rumen incubation. This different applodo calculate the RUP can make a
difference in the calculated and determined DRURe Tinear regression observed however
means that the old DVE/OEkg;approach of calculating RUP is still valid. TheféiEnce in
absolute values of intestinal digestion may be ediy the different approaches for RUP.
Regression equations showed that the chemical csitipo of silages influenced the
disappearance of CP from the gastrointestinal.tfdet DM, ash, CP and aNDFom content in
the maize and grass silages affected the rumingdadability, intestinal (small intestine +
large intestine) digestibility and total tract ugested content of CP in the gastrointestinal

tract of the dairy cows.

Neutral detergent fibre (aNDFom)

As animals do not secrete enzymes with fibrolytativity, rumen undegraded aNDFom
cannot be digested in the small intestine, but tighdegraded in the hindgut. Therefore, all
the duodenal inserted bags for aNDFom measuremenat eollected from the faeces. The 24
h rumen degradability of aNDFom was 0.156 to 0.#8t7maize silages and 0.437 to 0.625
for grass silages. The rumen degradability wasdifft compared to studies of Fernaneez
al. (2004), Jensedt al. (2005) and Van Vuured al. (2010) because of the use of different
rumen incubation times in these studies. The re&saise the short rumen incubation period
(24 h) in the present study was to determine tlearctelationship between the chemical
composition and intestinal digestibility of aNDFoflonger rumen incubation period would
have lowered the aNDFom in-flow in the hindgut amauld have reduced the power of the
study to determine the intestinal digestibility @lDFom. But the intestinal digestibility
(0.042 to 0.107) of aNDFom of maize silages wassisbent with then vivo results (0.07 to
0.09) reported by Jensehal. (2005). The range of intestinal digestibilitytims study was

higher because of the variation in the proportibralDFom in the maize silages and the
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higher number of samples (n=20) used, comparetiémntimber of samples (n=3) used by
Jenseret al. (2005). The aNDFom content was negatively coredlgR=-0.912, P<0.001)
with the starch content of the maize silages. Ahhigpntent of readily degradable
carbohydrate in the diet decreases the pH in tmeenuand the activity of cellulolytic
microbes in the rumen. Therefore, the rate of NBFrddation decreased with an increase in
the proportion of starch in the animal’s diet (Rmnet al., 1987). However, such an effect
of the rumen environment is not expected using ithesitu technique. The intestinal
digestibility of maize silages was negatively ctated with the rumen degradation (R=-
0.483,P=0.042) and positively correlated with the totactr undigested fraction (R=0.293,
P=0.238). The intestinal digestibility of grass gi#a was positively correlated (R=0.031,
P=0.896) with the rumen degradation and negativetyetated (R=-0.3562=0.123) with the
total tract undigested fraction. The contributidrttee postruminal digestion of the total tract
digestion of aNDFom varied between 0.09 and 0.35faize silages and between 0.05 and
0.17 for grass silages. Tamminga (1993) reportatittindgut fermentation made up 0 to 0.20
of the total tract digestion of NDF. The regressiequations show that the rumen
degradability of the aNDFom of maize and grassgsilaamples was influenced by the

proportion of aNDFom in these silages.

Starch

Starch is a main source of energy in the ratiomigh producing dairy cows. The starch,
escaping rumen fermentation is digested by enzyemesabsorbed as glucose in the small
intestine (Nobergt al., 2007). An attractive strategy to overcome a tieganergy balance
is to feed rations in which the starch utilizatisrshifted from the rumen to the small intestine
(Larsenet al., 2009). It is assumed that milk production is ensupported by starch digested
in the small intestine than starch degraded irrdhgen (McDonaldt al., 1995). Owenst al.
(1986) found that starch digested in the smallsitihe provided up to 42% more energy than
starch digested in the rumen. Starch is almost tetelp degraded in the entire
gastrointestinal tract of dairy cows (Hindée al., 2005). In this study, the average rumen
undegraded starch fraction was 0.245 and thettaietl undigested fraction was 0.005. Jensen
et al. (2005) reported a low rumen undegraded stardtidra (0.19) for maize silages having
average DM content of 310 g/kg. The rumen undegtratirch fraction reported by Jenstn
al. (2005) was low because of a high rumen incubatiioe (16 h) compared to the present
study (6 h). A longer incubation time in the presstiudy would have lowered the starch in-

flow in the small intestine and would have redut®el power of the study to determine the

90



Postruminal degradation of maize and grass silages

small intestinal digestibility of starch. Tl vivo average rumen undegraded starch fraction
was 0.08 and total tract undigested fraction w4 for maize silages (Jenseral., 2005). In

the present study, the total tract digestibilitystdrch was 0.984 to 1 which is consistent with
the total tract digestibility of starch (0.940 t®94) reported by Fernandetzal. (2004) and

in vivo total tract digestibility of starch (0.98 to 1.0@ported by Jensest al. (2005). The
present study shows that the amount of starch presethe feed affected the ruminal and
small intestinal degradation of starch. Timevivo study of Van Vuureret al. (2010) also
showed that the amount of starch present in thd @eeforage significantly affected the
ruminal, small intestinal and large intestinal datation of starch. The intestinal digestion of
starch was negatively correlated with the rumerratégion (R=-0.4837=0.042).

The Dutch feed evaluation system (DVE/QEf) assumes that the rumen undegraded starch
of maize silages is completely digested in the bintdstine. The results of the present study
have proven this assumption for maize silage starah the results show nearly complete
degradation of starch in the rumen plus small tites(0.984 to 1.00). But there might be
some effect of sample pre-treatment (milling to 1ivefore incubations in the intestinal tract)
on the small intestinal digestibility of rumen ugdeded starch of maize silages. Theivo
results may be slightly different from thesitu results because of no sample pre-treatment in

case ofin vivo study.

Conclusions

Rumen degradability, intestinal digestibility angettotal tract undigested content of CP,
aNDFom and starch in maize and grass silages Wieeted by the chemical composition of

the silages. The present study proved the assumpfithe Dutch feed evaluation systems
that rumen undegraded starch from maize silagerisptetely digested in the small intestine

of dairy cows. Equations based on chemical comipos@ian give acceptable estimates of the

intestinal digestion of CP and aNDFom.

Acknowledgements

The Higher Education Commission (HEC, Pakistan) @ed Dutch Product Board Animal
Feed (PDV, The Hague, The Netherlands) for findnsigport and BLGG AgroXpertus
(Wageningen, The Netherlands) for specific chemacallysis. Arie Klop, Jan Jochemsen and
Torkild Nyholm Jakobsen for their practical involent during the experiment and Jettie
Kruisdijk (PDV) and Herman Vedder (BLGG) for asaiste with compiling the data.

91



Chapter 5

References

Cone JW, Van Gelder AH, Mathijssen-Kamman AA anadt VA 2006. Post-ruminal
digestibility of crude protein from grass and gra#ages in cows. Animal Feed Science
and Technology 128, 42-52.

CVB 2003. Protocol folin situ rumen incubations: determination of degradaticie wnd
washable fractions of protein, starch, cell walsl arganic residual fraction. In Dutch
[Protocol voorin situ pensincubatie: bepaling van afbraaksnelheid emasiare fracties
van eiwit, zetmeel, celwanden en organische resifja Centraal Veevoeder Bureau
(CVB), Lelystad, The Netherlands.

CVB 2007. CVB table ruminants 2007. Chemical conitpms and nutritional values of
feedtsuffs and feeding starndards. Centraal Veamro®&lreau (CVB), Lelystad, The
Netherlands.

Fernandez |, Noziere P and Michalet-Doreau B 2@t and extent of starch digestion of
whole-plant maize silages differing in maturity ggaand chop length, in dairy cows.
Livestock Production Science 89, 147-157.

Fox DG, Tedeschi LO, Tylutki TP, Russell JB, Van Bungh ME, Chase LE, Pell AN and
Overton TR 2004. The Cornell Net Carbohydrate amuddih System model for evaluating
herd nutrition and nutrient excretion. Animal Fe&kgence and Technology 112, 29-78.

Hindle VA, Van Vuuren AM, Klop A, Mathijssen-KammakA, Van Gelder AH and Cone
JW 2005. Site and extent of starch degradatioheérdiiry cow - a comparison betwean
vivo, in situ and in vitro measurements. Journal of Animal Physiology andmfshi
Nutrition 89, 158-165.

Jensen C, Weisbjerg MR, Ngrgaard P and Hvelplu2@05. Effect of maize silage maturity
on site of starch and NDF digestion in lactatingrydaows. Animal Feed Science and
Technology 118, 279-294.

Larsen M, Lund P, Weisbjerg MR and Hvelplund T 20@8gestion site of starch from
cereals and legumes in lactating dairy cows. AniFegd Science and Technology 153,
236-248.

McDonald P, Edwards RA, Greenhalgh JFD and Mor@ah, 1995. Animal Nutrition. 5th
edition. Longman Scientific and Technical, Harldzgsex

Norberg E, Volden H and Harstad OM 2007. Technicak: assessment of recovery site of
mobile nylon bags for measuring ileal digestibilif starch in dairy cows. Journal of
Dairy Science 90, 418-421.

92



Postruminal degradation of maize and grass silages

Owens FN, Zinn RA and Kim YK 1986. Limits to stardigestion in the ruminant small
intestine. Journal of Animal Science 63, 1634-1648.

Robinson PH, Tamminga S and van Vuuren AM 1987uémice of declining level of feed
intake and varying the proportion of starch in toacentrate on rumen ingesta quantity,
composition and kinetics of ingesta turnover inrglaows. Livestock Production Science
17, 37-62.

Tamminga S 1993. Influence of feeding managementuorinant fiber digestibility. Forage
Cell Wall Structure and Digestibility. American Sety of Agronomy, Madison, WI, USA,
pp. 571-602.

Tamminga S, Van Straalen WM, Subnel APJ, Meijer R@tg A, Wever CJG and Blok
MC 1994. The Dutch protein evaluation system: th€EBDEB system. Livestock
Production Science 40, 139-155.

Tamminga S, Brandsma GG, Dijkstra J, Van DuinkereVan Vuuren AM and Blok MC
2007. Protein evaluation for ruminants: The DVE/QgBSystem. CVB documentation
report nr. 53. Centraal Veevoeder Bureau (CVB)ysteld, The Netherlands.

Thomas C (ed.) 2004. Feed into Milk: A New Appliededing System for Dairy Cows.
Nottingham University Press, Nottingham, UK, pp. 68

Trinacty J, Homolka P, Zeman L and Richter M 2003. d&htract and post ruminal
digestibility determined byn situ ruminal, intestinal mobile nylon bag and wholectra
nylon capsule methods. Animal Feed Science andnicdafy 106, 59-67.

Van Duinkerken G, Blok MC, Bannink A, Cone JW, Bifla J, Van Vuuren AM and
Tamminga S 2011. Update of the Dutch protein evmnasystem for ruminants: The
DVE/OEBy10system. Journal of Agricultural Science 149, 36%-3

Van Soest PJ, Robertson JB and Lewis BA 1991. Mistlior dietary fiber, neutral detergent
fiber, and nonstarch polysaccharides in relationatdmal nutrition. Journal of Dairy
Science 74, 3583-3597.

Van Straalen WM, Dooper FM, Antoniewicz AM, Kosmdland Van Vuuren AM 1993.
Intestinal digestibility in dairy cows of proteimoin grass and clover measured with
mobile nylon bag and other methods. Journal ofyD@dience 76, 2970-2981.

Van Vuuren AM, Hindle VA, Klop A and Cone JW 201&ffect of maize starch
concentration in the diet on starch and cell wadledtion in the dairy cow. Journal of
Animal Physiology and Animal Nutrition 94, 319-329.

93






CHAPTER 6

Comparison of fractionation methods for nitrogen and

starch in maize and grass silages

M. Ali**" L. H. deJonge', J. W. Cone', G. van Duinkerken? M. C. Blok®, M.
H. Bruinenberg®, W. H. Hendriks"®

Animal Nutrition Group, Wageningen University, P.O. Box 338, 6700AH Wageningen,
The Netherlands
“Wageningen UR Livestock Research, P.O. Box 65, 8200 AB Lelystad, The Netherlands
3Product Board Animal Feed, P.O. Box 29 739, 2502 LS The Hague, The Netherlands
“BLGG AgroXpertus, P.O. Box 170, 6700 AD Wageningen, The Netherlands

°Faculty of Veterinary Medicine, Utrecht University, P.O. Box 80.163, 3508 TD Utrecht, The
Netherlands

Animal (submitted)




Chapter 6

Abstract

Using the nylon bag technique, many feed evaluajstems use a washing machine method
(WMM) to determine the washout (W) fraction andaash the rumen incubated nylon bags.
As this WMM has some disadvantages, an alternatgifiad method (MM) was recently
introduced. The aim of this study was to deterrmane compare the W and non-washout
(D+U) fractions of nitrogen (N) and starch of gras&l maize silages, using the WMM and
the MM. In addition, regression equations were\atito estimate the N and starch fractions
out of the chemical composition of the silagesngsioth methods. Ninety-nine maize silage
and 99 grass silage samples were selected witlvad biange in chemical composition and
silage quality parameters. The results showed geleginge in the W, soluble (S) and D+U
fractions of N of maize and grass silages and theindbluble washout (W-S) and D+U
fractions of starch of maize silages, determinedobth methods, due to variation in their
chemical composition. Differences in the valueshef different fractions, obtained with both
methods were caused by different methodologicalragmies, such as different rinsing
procedures (washings. shaking), duration of rinsing (60 mivs. 40 min) and different
solvents (watews. buffer solution). The positive linear relationshipetween both methods,
for the D+U fractions of N and starch show that BweU values for both methods show a
similar trend between the samples. Regression sisabhows relationships, with ar’ R
ranging from 0.31 to 0.86, between the N and stémttions and the chemical composition
of maize and grass silages. A number of these seigre equations can be used for the
prediction of N and starch fractions from chemiclahracteristics of maize and grass silages

used in practice.
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I ntroduction
M aterials and methods

Different ruminant feed evaluation systems, such tles DVE/OEBg1 o system (Van
Duinkerkenet al., 2011) in the Netherlands, the Feed into MilkMJsystem (Thomas, 2004)
in the UK, the North American NRC system (NRC, 20Ghe PDI system (Véritét al.,
1979) in France and the Nordic NorFor system (Vio]J&)11) in Denmark, Sweden, Iceland
and Norway use data afh situ nylon bag experiments to estimate rumen degradatio
characteristics of dietary nutrients in differeeedstuffs. Then situ nylon bag technique
(@rskov and McDonald, 1979) divides feed or feggtédients into a washout (W) fraction, a
potentially rumen degradable fraction (D) and aeomndegradable fraction (U). Within the
in situ nylon bag technique, the washing machine metholllii)yhas been extensively used
to determine the W fraction and to wash the rumecubbated nylon bags to remove
contaminations (Bruinenbemrg al., 2004; Gierugt al., 2006). The washing of non-incubated
nylon bags with this method separates the feedanté and a non-washout (D+U) fraction.
Different types of washing machines, rinsing prased, washing programmes and washing
times have been used in differéntsitu studies, causing variation in the results (Lindber
1985; Vanzantt al., 1998; de Jonget al., 2009). The W fraction of feed or feed ingredsent
can be divided into a soluble (S) fraction (Giegual., 2005) and an insoluble washout (W-S)
fraction of small particles (de Jongeal., 2009). Using the WMM, the S fraction has to be
determined separately by an additional analysisthedW-S fraction can be calculated by
subtraction of the S fraction from the W fractioda@ Duinkerkenet al., 2011). The
calculated W-S fraction, however is determined Hference and as such is impossible to
verify the accuracy, based on total recovérgcently, de Jonget al. (2009) introduced a
modified method (MM) for the nitrogen (N) and starfractionation in concentrates and
forages. The rinsing procedure of the MM involvestte washing (shaking) of nylon bags in
a buffer solution, using a mechanical shaker. Whith MM, the S, W-S and D+U fraction of
chemical components of feed or feed ingredientsdatermined directly unlike with the
WMM. As all the fractions are separated with omesinng procedure, the accuracy of the MM
can be verified, based on total recovery.

The chemical composition of maize and grass silageges between different cultivars,
growing conditions, fertilisation level, harvestipgactices, ensiling conditions, and stage of
maturity at harvest (Conet al., 1999; Fernandeat al., 2004; Gonzalezt al., 2010). The

information on the relationships between chemicahgosition and the W and D+U fractions
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of dietary nutrients of maize and grass silagethénscientific literature remains scarce. This
information is important for an accurate estimatidrthe W and D+U fractions to determine
the feeding value of maize and grass silages, wittoing laborious experiments.

The aim of this study was to compare the nylon¥amd starch fractions of maize and grass
silages using the standard WMM and a new MM, asniyg described by de Jongeal.
(2009). In addition, the fractionation values detiered by both methods were used to derive
regression equations to predict the N and stamttifms from the chemical composition of
the maize and grass silages.

Sample selection and processing

Ninety-nine maize silage and 99 grass (malrdlium perenne) silage samples were obtained
during 2007, 2008 and 2009 from various Dutch coneiak farms, located in different
regions in the Netherlands. The samples were ¢etleby trained technicians from a feed
analysis laboratory (BLGG AgroXpertus, WageningEime Netherlands) using a hollow drill.
After collection, individual silages were stored-20°C. Each frozen silage (maize or grass)
was cut using a bread slicer (JAC Duro BEL 450; AR®ek, The Netherlands) having a
distance of 11 mm between the discs and then tigbhtpumixed by hand. The chemical
composition and silage quality parameters of thézenand grass silages are presented in
Table 1.

Standard washing machine method (WM M)

Approximately 5 g DM of each maize and grass silsg®mple was weighed into 10 cm x 19
cm nylon bags (Porosity 24%, pore size 37 um; Nyhkfirich, Switzerland), in duplicate.
The bags were washed in a washing machine (AEGsBlag Oko Turnamat 2800,
Stockholm, Sweden) for 40 min, using tap water52 according to the method described
by Rodriguest al. (2009), to determine D+U fraction and the W fiaictwas calculated as 1-
(D+U). The washed bags were stored at -20°C anslesuiently freeze dried. For each maize
and grass silage, the washed residues were poatetha contents were ground over a 1 mm
sieve, using a hammer mill (Pepping, 200 AN-7970D2yventer, The Netherlands). The
washed maize silage residues were analysed forND&hd starch, while grass silage residues

were analysed for DM and N.
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Chapter 6

Modified method (MM)

Approximately 5 g DM of maize or grass silage wasghed into 10 cm x 19 cm nylon bags
(Porosity 24%, pore size 37 um; Nybolt, Zurich, @eiland). Two bags of each maize or
grass silage were placed in a glass vessel (J 19 @m height), containing 500 ml buffer
solution at room temperature. The buffer solutiontained 12.2 g/l Na#POs.H,O and 8.9
g/l NaB4O;7.10H,0 (Merck, Darmstadt Germany) and the pH was adjusie6.2 with HCI
(de Jongeet al., 2009). The glass vessel, containing the bufidut®n with the bags, was
placed in a mechanical water shaker (160 rpm) for $eparation of the different fractions
was done according to the procedure described hjodgeet al. (2013). The S fraction of
each maize silage was analysed for N and starchthenD+U fraction was analysed for DM,
N and starch. The S fraction of each grass silage analysed for N and the D+U fraction
was analysed for DM and Nror maize silages, the analysis of the W-S fractias limited
to starch, which was the most abundant nutriethigfraction (de Jonget al., 2013; Yanggt
al., 2005).

Chemical analyses

The DM content was determined by oven drying at’COfdr 4 h (ISO 6496) and ash content
was determined by incineration at 550°C for 4 HXI=084). The N content was determined
using the Kjeldahl method (ISO 5983-2) and CP vasutated as Nx6.25. Neutral detergent
fibre (aNDFom) was determined according to the riedimethod of Van Soest al. (1991),
using amylase and expressing values exclusivesidual ash (ISO 16472). Acid detergent
fiore (ADFom) was determined by boiling with acictdrgent reagent and expressed
exclusive of residual ash (ISO 13906: 2008). Ligfda) was determined after boiling with
acid detergent reagent and treatment with sulphacid (ISO 13906:2008). Starch was
determined using the amyloglucosidase method (IS@14) after dissolving in dimethyl
sulfoxide. Crude fat (CFat) and sugar contents wietermined according to ISO 6492 and
the Luff-Schoorl method (NEN 3571:1947nl), respeslij.

Statistical analyses

The data on the N and starch fractions of the mailegges and N fractions of the grass
silages, determined using the WMM and the MM wenamarized by Descriptive Statistics
using SAS 9.2 (2009). Regression equations werveteito determine the relationships

between the N or starch fractions determined usiath fractionation methods, and the
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chemical composition of maize and grass silagasgusie PROC REG procedure of SAS 9.2
(2009). The backward stepwise procedure was follbteederive the regression equations

with significant predictorsR<0.05).

Results

The results of the N fractionation of the 99 masages into W and D+U fractions,
determined with the WMM, and into S and D+U fran8p determined using the MM, are
presented in Table 2. The results of the stardttifnaation into W and D+U fractions by the
WMM and into W-S and D+U fractions, determined hg MM, are also presented in Table
2. A large range was found in the W, S, and D+Wtfoms of N and the W, W-S, and D+U
fractions of starch of the maize silages, usinghboethods. The D+U fraction of N of the
maize silages, determined with the WMM, ranged fi@266 to 0.796, whereas the range in
the S fraction, determined with the MM, ranged fr@n335 to 0.754. Figure 1 shows a
significant P<0.001) positive linear relationship between the twethods to determine the
D+U fraction of N of the maize silages.

The range in the D+U fractions of starch of maiiteges determined with the WMM was
0.270 to 0.938, whereas the range in the S frad&termined with the MM was 0.502 to
0.948. Figure 2 shows a significai®<0.001) positive relationship {R0.46) between the
D+U fractions of starch of the maize silages, dateed by both methods. Similar to N of the
maize silages, the slope for the D+U fractions t#rch was significant but a weak
relationship (R=0.46) was found.

The N fractionation of the 99 grass silages intahd D+U fractions by the WMM and into S
and D+U fractions using the MM is also presentedTable 2. A large range was also
obtained in the W, S and D+U fractions of N of trass silages using both methods (Table
2). The range in the D+U values of N of the graksgyes, determined with the WMM, was
0.362 to 0.884, whereas the range in the D+U vadieésrmined with the MM, was 0.361 to
0.763. The positive linear relationship betweentihe methods for the D+U fractions of N of

the grass silages is shown in Figure 3.
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Regression equations describing the relationshiwd®n the chemical composition and the N
and starch fractions of maize silages, determirséoiguthe WMM and the MM, are presented
in Table 3. The D+U fraction of N in maize silagegtermined with the WMM, was
positively related to the CP and aNDFom contentsijenit was negatively related with the
CFat and ADFom content. The D+U fraction of N inireasilages, determined with the MM,
was influenced by the contents of CP, CFat, aNDFABFom and lignin (sa). The D+U
fraction of starch, determined using the MM, wagatively related to CP, CFat and ADFom,
but positively related to starch, DM, aNDFom arghinh (sa) contents in maize silages. The
regression equations describing the relationshépeden the chemical components and the N
fractions in grass silages, using both fractiomatioethods, are presented in Table 4. The
D+U fraction of N determined with the WMM was inflnced by the contents of DM, CP,
CFat and aNDFom, whereas the D+U fractions of Nerdeined by the MM, was influenced
by the contents of DM, CP and aNDFom in grass eflag
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Discussion

Different procedures have been used with the nydag technique for the fractionation of
ruminant feeds into W, D and U fraction (drskov andDonald, 1979), and there are many
limitations with these procedures (Liciteqal., 1996). In the present study, the results of the
WMM and MM were compared to determine the effectied methodological approaches
used in these methods on the N and starch fractiomsaize and grass silages. Different
values were obtained for the D+U fraction of N @tarch of maize silages, using the WMM
and MM, as well as for the N fraction of grass gélsa. The different rinsing procedures
(washingvs. shaking), different solvents (wates. buffer solution), different washing/shaking
times (40 mirvs. 60 min) and different experimental conditions wased in the WMM and
MM. All these differences resulted in different was for the non-washout N and starch of the
maize silages and for non-washout N of the grasges. The solubility of CP is largely
determined by the pH of the solvent, as shown bgeCd993). In the MM, the pH of the
buffer solution was adjusted to 6.2 (de Joegal., 2009 and 2013), which may result in a
different solubility of CP compared to the WMM wkdeap water is used, without pH control.
The significant positiveR<0.001) linear relationship was found between thé&Jvalues of

N, determined by both methods (Figure 1). Avlue of 0.57 indicates that both methods are
not strongly aligned with each other, resultinglifierent D+U values for both methods. The
different values obtained for non-washout N by boththods might be due to different
solvents and the pH of solvent used in both meth®le positive slope in Figure 1 indicates
that the D+U fraction determined by the MM increagdth an increase in the D+U fraction
determined by the WMM.

Starch is insoluble in water by definition, andsagh there is no S fraction of starch and the
W fraction determined by the WMM contain only the-SVfraction. Therefore, the W-S
fraction is considered to represent the W fract@rstarch (Conet al., 1989 and 2006; Chai
et al., 2004). In the present study, the higher D+Utfoecand the lower W-S fraction of
starch determined with the MM indicates that theslof insoluble small particles of starch in
maize silages was less when nylon bags were shakéwt buffer solution using the MM,
compared to washing bags in the washing machinesighificant linear relationship
(P<0.001) was found between the D+U fractions ofcétanf maize silages determined by the
WMM and the MM (Figure 2). The Rvalue of 0.31 indicates a weak relationship betwee
the D+U fractions, determined by both methods foof\grass silages. The positive slope

indicates that the D+U values determined by botlihods show a similar increasing or
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decreasing trend between different samples but ndatgy points away from the regression
line shows that the relationship was differentdifferent samples.

In the present study, the average W fraction faf Maize silages, determined by the WMM,
was 0.531 ranging from 0.204 to 0.734. Averageelof 0.632, 0.618 and 0.637 for the W
fraction of crude protein (CP) of maize silages aveeported by Von Keyserlingkt al.
(1996), De Boeveet al. (2005) and Gonzélea al. (2010), respectively. The higher values
for the W fraction of CP, obtained in these studiregght be due to the high CP content
present in those maize silages and different nusnbérsamples used, compared with the
mean CP content of 66 g/kg DM of the 99 maize sagsed in the present study. The CP
content of the maize silages used by Von Keyséklgigal. (1996), De Boeveet al. (2005)
and Gonzélesrt al. (2010) were 80 (n=12), 73 (n=26) and 69 g/kg DM30), respectively.

In the present study, the average value for theaddfibn of starch of maize silages was 0.440.
A high but comparable value of 0.529 was reportgdb Boeveret al. (2005). The higher
value may be explained by 50 min washing prograth wd spin cycle used by De Boewer

al. (2005), whereas a 40 min wool washing programuweasl in the present study.

The average W fraction of N of the grass silagefgithe WMM in the present study, was
0.428. Gieru®t al. (2005) reported a W fraction of 0.258 for low Ogvhass silages (251 g/kg
fresh matter) and 0.480 for high DM grass silage®9(g/kg fresh matter). The large
difference in the W fraction due to different DMntents of the grass silages, although the CP
contents (295 and 288 g/kg DM) were comparable r(Giet al., 2005). As the different
methodological approaches of both methods restitiedifferent values of the different
fractions, the question arises which method pravid®re reliable results. In the MM, one
recommended shaking procedure, performed undettigdérand controlled experimental
conditions, gives more reliable results comparedht® WMM, using different washing
programs and times. In addition, the use of a bsiéution in the MM makes it physiological
more close to the situation in the rumen. The MM bacome a standard or reliable method
to determine the W, S and D+U fractions.

Besides the effect of different methodological agghes, a large range was found in the W,
S and D+U fractions of N (maize and grass silages) the W, W-S and D+U fractions of
starch (maize silages), determined by both methetih is likely due to the broad range in
the chemical compositions of maize and grass s#ageples. Figure 1, 2 and 3 show that the
D+U values of samples varies for both methods theitrelationship differs between different
samples of maize and grass silages.
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The relationships between the chemical composaimh the N and starch fractions of maize
and grass silages were investigated by regressialysis. Regression analysis showed that
the D+U fraction of N determined by both methodssvpmsitively related to the CP and
aNDFom contents in maize silages. THevBlues of 0.31 and 0.41 show weak relationships
between the chemical components and the D+U frastidetermined by the WMM and the
MM, respectively. A moderate relationship?@.68) was found between the D+U fraction of
starch determined with the WMM and the chemical jgosition, whereas a more strong
relationship (R=0.86) was found between the D+U fraction of stadetermined with the
MM and the chemical composition of maize silagdse Equations for the D+U fraction of
starch determined by both methods shows that @&hggflarch content in maize silages results
in higher values for non-washout starch. Contraryniaize silages, a moderate relationship
(R?=0.65) was found between the D+U fractions of Netheined by the WMM, and the DM,
CP and aNDFom content of the grass silages. A gtrefationship (R=0.78) was found
between the D+U fraction, determined with the MMdahe DM, CP, CFat and aNDFom
contents in grass silages. The relationships betlee D+U fraction of N and the chemical
composition were stronger for grass silages thamiaize silages. The S and W fractions of
N were negatively related to the aNDFom content posltively related to the CP content in
grass silages, which is related to the maturitythef grass at harvest (Coetal., 1999).
Young grass has a high content of CP and a loneoctiof NDF (cell walls). Upon maturation
the CP content decreases and the aNDFom contestges. Moreover, a higher CP content
in grass silages means that more N is presenteictytoplasm of the cells, which is always
soluble at a neutral pH (Comeeal., 1993). The developed regression equations carséxd to
predict the D+U fraction of starch from the cherhicamposition of maize silages used in
practice. Similarly, the developed regression dquatfor the W, S and D+U fractions of N
of grass silages can also be used for the predictib N fractions from chemical

characteristics of grass silages.

Conclusions

Different values of N and starch fractions wereadisd for maize and grass silages due to
different methodological approaches of two fraciibon methods (WMM and MM). The
MM give more reliable results compared to the WMMchause of the use of one
recommended shaking procedure, performed undettigdérand controlled experimental

conditions. The developed equations show relatipsshetween N and starch fractions and
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the chemical composition of maize and grass sil§g&sanged from 0.31 to 0.86). Some of
the regression equations with a high\Rlue can be used for the prediction of N andchtar

fractions of maize and grass silages used in pecti
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Chapter 7

Introduction

The aim of this thesis was to investigate the i@ghips between the chemical composition
and thein situ rumen degradation characteristics as well as thbilennylon bag (MNB)
intestinal digestibility of dietary nutrients of ima and grass silages. Currently, maize and
grass silages are fed to high yielding dairy angmalEurope and other parts of the world.
Maize and grass silage composition can be highlialke which can result in variable rumen
degradation characteristics and intestinal dig#ityitof dietary nutrients when fed to dairy
cows. This variability must be taken into accoulhiew determining the nutritive and feeding
value of maize and grass silages. The relationdiepseen the chemical composition and the
in situ rumen degradation characteristics (Chapters 2 3nand intestinal digestibility
(Chapter 5) were studied in this thesis. The MNstinal digestibility of CP and starch was
mainly affected by the rumen pre-incubation perod the rumen bypass fraction (Danesh
Mesgaranet al., 2010; Vanhatal@t al., 1996). In this thesis, the relationship betwées
rumen degradability and the intestinal digestipilitas also evaluated for dietary nutrients of
maize and grass silages. Factors affectingitheitu nylon bag degradability have been
extensively studied, but the information on vadatbetween indvidual cows remain scarce
(Castillo-Gallegost al., 2012). Various feed evaluation systems suggdstede three cows
for nylon bag incubations of feeds and feed ingretd. It was tested if the recommended
number of three cows was sufficient or not for reaand grass silages to cover the variation
in rumen degradation characteristics (Chapter 4ffef@nt rinsing procedures, which are
commonly used in thén situ nylon bag technique, have many limitations. Theshirzg
machine method (WMM) has been extensively useiah situ studies and the results of this
method were compared with a newly introduced medifnethod (MM) for nitrogen (N) and
starch of maize and grass silages (Chapter 6). efffeet of rinsing procedures and the
solvents used in these fractionation methods wenepared. Standardisation of the rinsing
procedure is important to obtain accuratesitu results. A lack of a standard rinsing
procedure is considered as one of the main faetfiexting thein situ results (Lindberg,
1985).

Importance of maize and grasssilagesin dairy ration

Maize and grass silages are major parts of dalignsin Europe, New Zealand, Australia
and North America (Dawsost al., 2002; Ettle and Schwarz, 2003; Keagtyal., 2008),
especially during the indoor feeding periods. Thieee an optimum dairy ration balance in

terms of protein and energy content to yield a higitk production, a mixed forage diet
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containing 50% maize silage and 50% grass silagebeaused (O'Maret al., 1998). Grass
silage is the most important conserved forage irofe, especially for winter feeding (&én

et al., 2009). The inclusion of maize silage in a gradage based diet increases the
metabolizable energy intake, resulting in a highndlk production. The forage dry matter
(DM) intake increases with the inclusion of maidlage in grass silage based diets, resulting
in a higher milk protein concentration and lowerkrfiat concentration (Mulligaret al.,
2002). The inclusion of maize silage, upto 33%grass silage based diets tended to reduce
milk fat but the differences were not significaliulligan et al. (2002) reported no depression
in milk fat concentration with the inclusion of maisilage higher than 33% in grass silage
based diets, whereas Phipgtsal. (1995) reported a decline in milk fat concentmativhen
75% of grass silage was replaced by maize silagberdairy ration. O’Maraet al. (1998)
achieved maximum milk fat and protein concentrabgrihe inclusion of 67% maize silage in
a mixed forage diet. Maize silage of moderate ¢qyakn replace high quality grass silage up
to a certain level without a decline in milk protion (O'Maraet al., 1998; Keadyet al.,
2008).

In situ rumen degradation characteristics

The increasing importance of maize and grass slégedairy rations has highlighted the
need to study factors which influence their nutdtivalues and to develop prediction
equations from chemical characteristics (Garcliarigodz et al., 2005) to allow rapid
evaluation of their nutritive value. The chemicahwosition of maize and grass silages is
highly variable due to different ensiling condits&yrgrowing conditions, forage genotype and
cultivar, and maturity stage at harvest, etc. (Cairat., 1999; Fernandez al., 2004;Khanet

al.,, 2012). Limited information is available in theientific literature on the relationship
between the chemical composition and rumen degoadaharacteristics of maize and grass
silages. In the past, differeimsitu studies were performed to determine the effediféérent
individual factors such as maturity stage, partgi, forage species, harvesting strategy and
chop length on specific nutrients of maize and gsilages (Fernandet al., 2004; Jensed

al., 2005; Gonzaleet al., 2010). Moreover, different numbers of samplesewesed in these
studies for different nutrients and furthermoregsh studies were performed for specific
scientific purposes. The results reported in Chrap2eand 3 showed that there was a large
variation inin situ rumen degradation characteristics of maize andsgsélages. The large
variation in rumen degradation characteristics des to the broad range in the concentration

of chemical components of maize and grass silages.
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Ruminant feed evaluation systems such as the DVBgEsystem (Van Duinkerked al.,
2011) in the Netherlands and the PDI system (Vétitél., 1979) in France use relatively
simple models and prediction equations to estirttederumen degradation characteristics of
DM, organic matter (OM), crude protein (CP), neutietergent fibre (NDF) and/or starch of
maize and grass silages. These systems use ddiffecéntin situ experiments, which were
performed at different locations with different im@tion protocols, experimental conditions,
crop cultivars and ensiling methods. Moreover,ettdht numbers of samples were used in
these studies. In the present work, the maize aassgsilages were incubated in the rumen
(Chapters 2 and 3) of dairy cows for 2, 4, 8, 18,72 and 336 h to obtain data under uniform
experimental conditions, thereby reducing the vimadue to differences in methodological
approaches. As such the values reported here are neyresentative of the actual variation
due to uncontrollable factors such as weather tiomdi and ensiling method as experienced
in practical situations.

Regression analysis showed relationships betwesrthibmical composition and the rumen
degradation characteristics of DM, OM, CP, NDF andtarch of maize and grass silages.
The W fraction, the potentially rumen degradablé fiaction, the rumen undegradable (U)
fraction, the fractional degradation rakg) (@and the effective rumen degradability (ED) are th
parameters of DM, OM, CP, NDF and starch which wevestigated for relationships with
the chemical composition of maize and grass silag#ferent models have been considered
to calculate thdy; 1) a model without a lag time and U fixed at 38@&) a model with a lag
time and with U fixed at 336 h, 3), a model withaulag time and U estimated by the model
and 4) a model with a lag time and with U estimdtgdhe model. Théy presented in this
thesis for DM, OM, CP and starch of maize and gsdages was calculated with model 3 and
theky for NDF of maize and grass silages was calculatigfl model 4 (Chapters 2, 3 and 4).
The lag time is associated with a variable NDF mirdegradation of forages (Varga and
Hoover, 1983). If a lag time is not included in thedel then the D fraction is overestimated
and theky value is underestimated (Stensigal., 1994). The lag time for NDF of maize and
grass silages varied between different samplestalthee variable NDF content present in the
samples. There was no significant relationship betwthe lag time and ttkg values for NDF

of maize and grass silages (Chapters 2 and 3).avargl Hoover (1983) also found no
relationship between the lag time and khealues of NDF.

Different values for rumen passage ratg) have been used in different situ studies to
calculate the ED of dietary nutrients. Various fesdluation systems recommend differignt

values for different nutrients of forages and conicges. In Chapters 2 and 3, the effective

118



General discussion

rumen CP degradation (kP was calculated using values of 0.045, 0.05, 0.06 and 0.08 h
adopted from the Dutch protein evaluation (DVE/Q&B system (Van Duinkerkest al.,
2011), the Danish protein evaluation (AAT-PBV) syst(Madsen, 1985), the French protein
evaluation (PDI) system (Vérité&t al., 1979) and the British metabolizable protein (MP)
system (AFRC, 1992), respectively. Figure 1 shotweng negative linear relationships
between the differerk, values and the calculated Efvalues of maize (®0.99) and grass
(R°=0.96) silages. High Rvalues show that the highky value resulted in lower calculated
values for ERpof maize and grass silages. Similarly, a negatationship betweek, and
ED values was reported for CP of agro-industriapbyducts by Habilet al. (2013) and for
DM of grass and grass silages bydlhret al. (2009). The use of differef values for the
calculation of ERp shows that not only the different approaches iffeint protein
evaluation systems, but also the differigywalues lead to different Efp values of feeds. The
different EQxp values indicate that the nylon bag method migherestimate the true
differences in the protein degradation value otifeespecially when higk, values are used
(Tuori et al., 1998). The results described in this thesi€iorof DM (EDpy) were calculated
usingk, values of 0.02, 0.05 and 0.08,tproving that the increase k3 values resulted in

lower ED values (Chapters 2 and 3).
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Figure 1 Relationship between rumen passage rate and ieffemimen crude protein

degradation of maize and grass silages.

I'n situ mobile nylon bag intestinal digestibility
Regression analysis in Chapter 5 showed relatipadhetween the chemical composition and
the MNB intestinal digestibility of dietary nutrismof maize and grass silages. The intestinal

digestibility of specific dietary nutrients depermsthe content of that nutrient in the silage as
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well as the length of the pre-incubation period #melrumen degradability (Chapter 5). The
information on the relationships between the chamicomposition and the rumen
degradation characteristics and the intestinal dfiigéity is important for an accurate
estimation of the bioavailability of dietary nutis. Some of the developed regression
equations presented in Chapters 2, 3 and 5 carsdxt for a rapid estimation of the rumen
degradation and intestinal digestibility charactiécs of dietary nutrients of maize and grass
silages used in practice.

To optimize the use of maize and grass silagesiry dation in terms of animal health and
production performance, accurate estimates of raimidegradation and postruminal
digestibility of the dietary nutrients are requirddhe data on intestinal digestibility of CP and
NDF of maize and grass silages and even less iwrkrabout the intestinal digestibility of
rumen undegraded starch of maize silages. New alatatestinal digestibility of CP, NDF
and/or starch of maize and grass silages wereraatausingn situ MNB technique, under
uniform experimental conditions (Chapter 5). Befmestinal incubations, the maize silages
were incubated in the rumen (pre-incubation) fgstarch), 12 (CP) and 24 h (NDF) and the
grass silages were incubated for 12 (CP) and 28IDF]. The reason to select to pre-
incubation time of 6 h for starch, 12 h for CP &#dh for NDF was to determine the clear
relationships between the chemical composition thledintestinal digestibility of CP, NDF
and starch of maize and grass silages. Longer rumcebation times would have lowered the
inflow of these nutrients in the intestinal tradtieh would reduce the power of the study.
The average apparent degradation/ digestibility®€P, starch and NDF of maize silages in
different parts of the gastrointestinal tract ofirdacows is presented in Figure 2A. On
average, 71% (range 63-82%) of the rumen undegr&tedf maize silages was digested in
the intestinal tract (small + large intestine) dairg cows. The negative value for large
intestinal CP digestibility for maize silages (Figu2A) is likely due to microbial
contamination of N in the hindgut of the dairy cowhe effect of microbial contamination on
the large intestinal CP digestibility was more monced in the maize silages, compared to
the grass silages. Microbial contamination affeifte rumen degradation and intestinal
digestibility of dietary nutrients, especially tf@P fraction of maize and grass silages.
Olubobokun et al. (1990) and Gonzalezt al. (2010) also reported that microbial
contamination is the main factor that affects theults of thein situ CP degradation of
forages. The results described in this thesisnasitu rumen degradability anich situ MNB
digestibility of dietary nutrients of maize and ggasilages were not corrected for microbial

contamination. As such values reported here arenestimates, rather than overestimates, for
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rumen and small intestinal degradation but notddngestinal degradation. The average total
tract CP apparent degradation of maize silages38%s ranging from 85 to 90%.

A B
ORumen Osmallintestine ORumen Osmallintestine
W Large intestine Bintestinal track (small + large intestine) m Large intestine @ Intestinal track (small + large intestine)
@ Total tract undigested @ Total tract undigested
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Figure 2 Apparent degradation (fermentation and digestmmyligestion of crude protein,
neutral detergent fibre and/or starch of (A) maire (B) grass silages in the gastrointestinal

tract of dairy cows.

The results presented in Chapter 5 indicate thaeruundegraded starch in maize silages is
almost completely digested in the intestinal tgfadairy cows. On average 97% (ranged from
91 to 100%) of the rumen undegraded starch wasiiden the small intestine of the dairy
cows. The rumen undegraded starch is subjectechzgretic digestion with subsequent
absorption of the glucose in the small intestinerfiérget al., 2007). Owent al. (1986)
observed that starch digestion provides more enérgthe small intestine, compared to
fermentation in the rumen, which means that theamsrgy of feed can be increased by
shifting starch digestion from the rumen to the lbniméestine in the dairy cows (Nocek and
Tamminga, 1991). The results presented in Chaptéar Small intestinal digestibility of
starch of maize silages validate the assumptiothé Dutch DVE/OEBy;o system (Van
Duinkerkenet al., 2011) that rumen undegraded starch is completiglgsted in the small
intestine of dairy cows. Ruminants do not secrdimliytic enzymes, which mean that the
rumen undegraded fibre is mainly degraded in theldut by microorganisms. Therefore, the
intestinal NDF digestibility was determined for tto¢al tract (small + large intestine), and not
for the small and large intestine separately (Gérap}. The results of the MNB incubations
show that, on average, 11% (range 8-16%) of theerunmdegraded NDF of the maize silages
was digested in the total intestinal tract (mainlyhe hindgut) of the dairy cows. The average
NDF degradation of maize silages in the total gastestinal tract (rumen and intestines) of
dairy cows was 40% with the range of 24-50%. FigzBeshows the apparent CP and NDF
degradation/digestion (%) of grass silages in thstrgintestinal tract of dairy cows. The

121



Chapter 7

average values for the CP degradation of grasgesila the rumen, small intestine and large
intestine were 68, 24 and 0%, respectively. Thaelteshow that, on average, 74% (range 65-
81%) of the rumen undegraded CP of grass silagegligasted in the intestinal track of dairy
cows (Chapter 5). The total tract digestibility@P determined by the MNB technique, after
12 h incubation in the rumen, was 92% with the eaofy85-95%. These results for total tract
digestibility of CP were supported by Cogteal. (2006). The latter author reported an average
value of 91% for the total tract CP digestibilitygrass and grass silage samples determined
by the MNB technique. These similar results for aappt CP digestibility in the
gastrointestinal tract of dairy cows suggest thet entire CP is digested, except for the
endogenous losses involving N and a small totat wiadigested proportion. It may well be
that the total tract undigested proportion is thHe tBat is incorporated in the cell walls and
which can only be degraded after the cell wall (NBFdegraded (Coret al., 2006). The CP
proportion bound to NDF was found higher in casaiofirying (70°C) of incubated residues
because of Maillard reactions during air dying canag to freeze drying (Coreeal., 1996).

On average 13% (range 6-26%) of the rumen undedns@¥- of grass silages was degraded
in the intestinal tract of dairy cows. The aver&gF degradation of grass silages in the total
gastrointestinal tract of dairy cows was 58% witl tange of 49-72%. The large range in the
intestinal digestibility of CP, NDF and starch wdise to the broad range in the chemical
composition of the maize and grass silage sam@leagter 5).

Thein situ results of the intestinal digestion of CP, NDF atatch of maize and grass silages
may be slightly different from thie vivo situation, because of the pre-treatment of theerum
incubated residues (milling to 1 mm), and the choemgth of the pre-incubation in the
rumen, before the intestinal incubations. Grindingnen incubated residues helps the
intestinal microbes to attack and degrade the entimore easily, which may lead to higher
MNB intestinal digestibilities of CP, NDF and starof maize and grass silages. In addition,
the use of a nylon bag may also affect the redolts certain extent as there may be
potentially less interaction between the microbmta the ingredients/substrate compared to
in vivo studiegBerthiaumeet al., 2000).

Relationship between rumen degradability and intestinal digestibility

The results presented in Chapters 2, 3 and 5 shatithe rumen degradation characteristics
and intestinal digestibility of maize and grassa@is were affected by the broad range in
chemical composition. In addition, the results dégd in Chapter 5 show that the intestinal

digestibility of CP and/or starch of maize and grssages were also affected by their ruminal
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degradation. A very strong negative and signifidargar relationship was observed (Figure
3) between the CP rumen degradability and intdstitigestibility for maize P<0.001,
R?=0.94) and grass silageR<0.001, B=0.99). Coneet al. (2006) also found that the amount
of rumen undegraded CP of grass silages largebc@&fithe intestinal digestibility. Actually

the digestibility in the small intestine compensdt® a decreased degradation in the rumen.
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Figure 3 Relationship between rumen degradability and fimek digestibility of crude
protein of maize silages (A, n=19) and grass si#dge n=19).

The negative relationship between the extent ofimamdegradation and the postruminal
digestibility of N and amino acids of legumes wisoabserved by Mupangvehal. (2003).
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Figure 4 Relationship between rumen degradability and imak digestibility of neutral
detergent fibre of maize silages (A, n=18) and gslages (B, n=19).

Figure 4 shows linear relationships between the erundegradability and intestinal
digestibility of NDF of maize and grass silagese i value of 0.24 shows a very weak, but
significant relationshipR=0.04) between the rumen degradability and intaktligestibility

of NDF of maize silages. The’Ralue of 0.001F=0.89) shows no relationship between the

rumen degradability and intestinal digestibilityNDF in grass silages. Figure 5 shows a very
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strong linear relationship fR0.998,P<0.001) between the rumen degradability and irtebti
digestibility of starch of maize silages. The ititeal digestibility of starch varies between
different samples of maize silages, due to vamatio the chemical composition of maize
silage samples. Very strong relationships (FigyrieBCP of maize and grass silages and for
starch (Figure 5) of maize silages between ithaitu rumen degradability and intestinal
digestibility indicate that the intestinal digedgitly of these nutrients was mainly affected by
the rumen bypass content. The rumen bypass cooft€®® and starch was affected by their

concentrations in the maize and grass silages.
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Figure 5 Relationship between rumen degradability and fimakdigestibility of starch of
maize silages (n=18).

Number of animalsrequired for in situ nylon bag incubations

Various ruminant feed evaluation systems such@® WE/OEBy10Ssystem (Van Duinkerken

et al., 2011) in the Netherlands, the FiM system (Thgr2@94) in the UK, the PDI system
(Vérité et al., 1979) in France and the Nordic NorFor systemlid®o, 2011) used in Nordic
countries, developed protocols forsitu nylon bag incubations. These protocols recommend
to use a minimum of three animals forsitu nylon bag incubations of ruminant feeds and
feed ingredients. In the past, different studiesewgerformed with concentrates and forages
to determine the variation between individual ardgmén in situ rumen degradation
characteristics of dietary nutrients. Significaiffetences between cows were observed for N
disappearance for soybean meal (Weaktenl., 1983) and DM disappearance for barley and
sorghum (Figroicet al., 1972). Variousn situ studies were conducted with maize and grass

silages, using different number of cows (2, 3, 4 @phand the rumen incubated residues after
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specific incubation periods were pooled to obtainepresentative sample (Voldeh al.,
2002; Fernandezt al., 2004; Lundet al., 2007; Ranjbarit al., 2007). To the author’s
knowledge, no study has validated the assumptiahusing three cows fon situ nylon bag
incubations of maize and grass silages is suffidiercover the variation between individual

cows in rumen degradation characteristics.

Table 1 Variation between cows in apparent rumen degradability of dry matter, organic
matter, crude protein, starch and neutral detergent fibre of maize and grass silages,
incubated for different time periods'

Variable Variation between covs
Maize silages (n=15)

Dry matter *

Organic matter *

Crude protein Fkk

Neutral detergent fibre NS

Starch NS

Grass silages (n=15)

Dry matter NS
Organic matter NS
Crude protein NS
Neutral detergent fibre NS

1 Rumen incubation time periods were 2, 4, 8, 16722and 336 h.
2NS, not significant® > 0.05); *, 0.01<P < 0.05; **, 0.001<P < 0.01; ***, P < 0.001.

With this background, a research interest arosesiowhether three cows are sufficient or not
to cover the variation between individual cowsinnsitu rumen degradability of DM, OM,
CP, NDF and/or starch of maize and grass silagasieTl shows the significar?€0.05) and
non-significant P>0.05) variation in apparent rumen degradabilityDsfl, OM, CP, NDF
and/or starch of maize and grass silages inculfated, 4, 8, 16, 32, 72 and 336 h in the
rumen of three cows. Significant differences betwdee cows were observed for apparent
rumen degradability of DM, OM and CP of maize s@lggindicating that three cows are not
sufficient to cover the variation between individeaws for maize silages. Therefore, more
than three cows should be used for nylon bag ineutmto estimate the rumen degradation
characteristics of DM, OM and CP of maize silagEs. precisely determine the lowest
number of cows that can be used for maize sildgeber research with more than three cows
is required. The results in the present study skavat the difference?¢0.05) between the
three cows were not significant for the rumen déegbdity of DM, OM, CP and NDF of
grass silages, indicating that three cows aredeifft for grass silages to cover the variation
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between individual cows. The results also allow pbeling of rumen incubated residues of

grass silages after specific incubation periodshtain a representative sample (Chapter 4).

Nitrogen and star ch fractionation of maize and grass silages

Different procedures for thie situ nylon bag technique (drskov and McDonald, 197%eha
been used for the fractionation of ruminant feeds B washout (W) fraction, a potentially
rumen degradable (D) fraction and a rumen undegiad®) fraction. The WMM has been
extensively used in differeimt situ procedures to determine the W fraction and to rembe
ruminal contamination from rumen incubated nylogbéGierust al., 2005; Van der Koelen
et al., 1992). A new method, not involving a washing hiae and using buffers instead of
water, was recently introduced by de Joegal. (2009) for the fractionation of concentrates
and forages under more physiological conditiongshénMM, one rinsing procedure is used to
separate the soluble (S), the insoluble washouSj\\and the non-washout (D+U) fractions,
using identical experimental conditions. The use aftandard shaking procedure using this
MM leads to more reliable results for the W frantand than situ residues (de Jongt al.,
2013). In Chapter 6, the standard WMM and MM praced were compared for the N and/or
starch fractions of maize and grass silages. Aelaemge was found for the N and starch
fractions determined by both methods, which isljildue to the broad range in the chemical
composition of the maize and grass silages. Theltsepresented in Chapter 6 show that
different values for N and/or starch fractions lbé tmaize and grass silages were obtained
using the standard WMM and the MM procedure. Théegince in these values can be
directly attributed to the different rinsing proceds and solvents used in both methods. The
largest differences were found in the D+U fractiohstarch compare to D+U fractions of N.
The loss of insoluble small particles of starch Vess during shaking of nylon bags in buffer
solution, compared to washing nylon bags in the hives machine. Therefore, large
differences were found between the D+U fractionsstafch determined by both methods
compared to the D+U fractions of N. The differeimielar relationships between the starch
content in maize silages and the D+U fractionstafch determined by both methods also
shows that the methodological approaches in botthads cause different fractionation
values (Figure 6).

Regression equations were developed describingethgonship between the N and/or starch
fractions and the chemical composition of the maind grass silages (Chapter 6). As the
samples were selected to obtain a broad range émichl composition, a number of the

developed equations can be used for the predicthdrié and/or starch in maize and grass
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silages from their chemical characteristics. Thimrimation on relationships between the
chemical composition and the N and starch fractzarsbe used for the estimation of feeding

values of maize and grass silages.
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Figure 6 Relationship between the starch in maize silage®99) and the non-washout
fractions of starch determined with the standardshimy machine method (A) and the
modified method (B) of de Jongeal. (2009).

Conclusions

The research described in this thesis shows tlkedhtkitu rumen degradation characteristics
and the MNB intestinal digestibility of dietary migints of maize and grass silages are highly
variable due to the broad range in chemical contiposiThe developed regression equations
presented in Chapters 2 and 3 provide better utaheling of the relationships between
chemical composition anéh situ rumen degradation characteristics of maize andsgra
silages. Some of these regression equations camsed for the estimation of rumen
degradation characteristics of dietary nutrientsmfrchemical characteristics of maize and
grass silages used in practice. The regressiortiegagresented in Chapter 5 for intestinal
CP digestibility can be used for the estimationtlsd intestinal digestion of CP from the
chemical characteristics of maize and grass silagbe results show that the intestinal
digestibility of CP and starch of maize and gra#ages is not only influenced by the
chemical composition but also by the rumen incuabatperiod and the extent of rumen
degradation.

The significant differences between individual cdassrumen degradability of DM, OM and
CP of maize silages indicate that the use of muaa three cows is required for an accurate
estimation of the rumen degradation characteristiddM, OM and CP in maize silage. Non-
significant differences were found for all nutrierdf grass silages indicating that three cows

are sufficient to cover the variation between tbe/€ and to obtain reliable estimates. The
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information on variation between the cows in runuggradation characteristics of these
feedstuffs is important for estimation of theirdeey values.

Different values were obtained using the standafdMVand a newly developed MM to
determine the W, S and D+U fractions of N of mairel grass silages and the W, W-S and
D+U fractions of starch of maize silages. The depetl regression equations describe
relationships between the chemical compositionthad\N and starch fractions determined by
both fractionation methods. A number of these deped regression equations can be used
for the prediction of the W and D+U fraction of tNeand starch fractions from the chemical

composition of maize and grass silages, withoutlooting expensive experiments.

Practical implications

The data for rumen degradation characteristicsimtedtinal digestibility of maize and grass
in the present work were obtained using uniformeexpental conditions and as such are
relevant to nutritionists, farmers or feed compari@ ration formulation to meet the nutrient
requirements of dairy cows in terms of their healtid production. The newly developed
regression equations provide more accurate essnudtthe rumen degradation and intestinal
digestibility characteristics of maize and grasagss, used in practice. A number of these
equations can be used by feed analysis laboratahnatritionists for the rapid estimation of
the nutritive and feeding values of maize and gsilsgies, without the necessity of doing
laborious and time consuminig situ experiments. The research described in this thesis
reports the efficient utilization of dietary nutmis, contributing to the enhancement of the
economic profitability of dairy farms and feed camjes. In addition, it can contribute to the

further reduction of nutrient losses and the edelidootprint of dairy production.

Recommendations for futureresearch

Although the data in the present study were obthineder uniform experimental conditions,
the results for rumen incubated and intestinal liated residues of dietary nutrients were not
corrected for microbial contamination. Microbialntamination is one of the main factors
which can affect thén situ results of dietary nutrients especially concern@fg in forages.
This subject requires further study. Further reseashould also focus on the different
methods available such as the diaminopimelic aei"3N-Leucine method to determine the
microbial mass and to correct for microbial contaation of rumen and intestinal residues.
Corrected values would provide more accurate estsnaf the CP utilised from feed

ingredients by dairy cows.
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The results presented in this thesis on the varidietween cows iim situ rumen degradation
characteristics (Chapter 4) indicate that threescase not sufficient for nylon bag incubations
of maize silages. The studies conducted here didietermine the minimum number of cows
required for nylon bag incubations of maize silagasther research with the use of four or
more cows should be conducted to determine thermoimi number of cows required for
nylon bag incubation of maize silages.

The use of one rinsing (shaking) procedure undentidal experimental conditions and a
buffer solution as solvent, make the MM “physiolcaly more normal” and can be expected
to yield more representative estimates comparedtigdraditional standard WMM (Chapter
6). However, before the MM can replace the tradd#loWMM in thein situ nylon bag
technique, this method should be evaluated for rumeubated residues of maize and grass
silages. The effect of the rinsing (shaking) prazedof the MM on the residual fractiorlg,

and ED of dietary nutrients should also be inveséd.
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The increasing importance of maize and grass slageairy rations in various parts of the
world makes our understanding of factors which dcffileir nutritive value of paramount
importance. This nutritive value extensively vartkge to variation in chemical composition
of these ensiled forages, which occurs due a caatibim of different factors such as use of
various cultivars, fertilisation practices, growiognditions, harvesting technology, maturity
at harvest and ensiling conditions. Different indual factors have been studied in different
in situ studies, but information on the relationships lestwthe chemical composition and the
in situ ruminal and postruminal degradation of dietaryrieats remains scarce in the
scientific literature. This information is importafor the accurate estimation of the feeding
value, in order to optimize ration formulation iarms of animal health and production
performance, without the need to perform expensiwe time-consuming experiments
involving animal studies.

The first aim of this thesis was to investigatatienships between the chemical composition
and thein situ rumen degradation characteristics a@ndsitu mobile nylon bag (MNB)
digestibility of dietary nutrients of maize and ggasilages. The second aim of this thesis was
to determine whether three cows are sufficient ot t cover the variation between
individual cows inin situ rumen degradation characteristics of dietary aots of maize and
grass silages. The third aim of this thesis wasdmpare two fractionation methods; the
washing machine method and a modified method, fivogen (N) and starch fractions of
maize silages and N fractions of grass silagesdtiition, the prediction of N and/or starch
fractions of maize and grass silages from chenaigalyses was investigated.

In Chapter 2 and 3, the relationships between ieenécal composition and the situ rumen
degradation characteristics of dry matter (DM),amig matter (OM), crude protein (CP),
neutral detergent fibre (NDF) and/or starch of raa@nd grass silages were investigated. The
maize and grass silage samples were obtained fifferetit commercial farms, located in
different regions in the Netherlands. After cherhimaalyses, 75 maize and 69 grass silage
samples were selected to provide a broad rang@dmical composition and silage quality
parameters. The maize silage samples were selectdte basis of CP, NDF and starch
content and the grass silage samples were seleotdte basis of CP and NDF contefie
maize and grass silages were incubated in the rafhmee dairy cows, using the nylon bag
technique. The data for maize and grass silages wlstained under uniform experimental
conditions (same cows, same incubation protocol sarde chemical analysis procedures)
therefore being free of variation of assay condgioThe broad range in the chemical

composition of the maize and grass silages restuted large variation in the rumen
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degradable fractions of DM, OM, CP, NDF and starthese data were used to derive
regression equations, describing the relationshgiseen the chemical composition and
situ rumen degradation characteristics of DM, OM, CBR\and/or starch of maize and grass
silages. Some of these equations can be usedrémic estimation of the rumen degradation
characteristics of maize and grass silages usprhutice.

Various ruminant feed evaluation systems, such hes DVE/OEBgi o system in the
Netherlands, the PDI system in France and the NaYdirFor system used in Scandinavian
countries, recommend the use of three animalsnfaitu nylon bag incubation of feeds. In
Chapter 4, it was evaluated whether the recommendeithum number of (three) cows was
sufficient or not to cover the variation betweedividual cows inin situ rumen degradation
characteristics of maize and grass silages. Fifteaize and 15 grass silage samples were
used in this study. The results showed that sigpnifi differences R<0.05) were found
between individual cows for a number of paramedéidM, OM and CP, indicating that three
cows are not sufficient fan situ nylon bag incubations of maize silages and that @ more
cows should be used. For grass silages, non-gignifi differences R>0.05) between
individual cows were found for all parameters of POM, CP and NDF. The results of this
study suggest that using three cows are suffidienhylon bag incubations of grass silages
and pooling of rumen incubated residues is alloveedbtain a representative sample. The
information on variation between individual cowsrigportant for the estimation of the rumen
degradation characteristics.

In Chapter 5, the relationships between the chdntomposition and theén situ MNB
intestinal digestibility of CP, NDF and/or starch maize and grass silages, are described.
There was a large range in rumen degradabilityr afpecific incubation times and the
intestinal digestibility of CP, NDF and starch, dte the broad range in the chemical
composition of the maize and grass silages. Thestimal digestibility of CP, NDF and/or
starch was affected by the concentration of theseponents in the maize and grass silages,
by the rumen incubation time and the rumen escay#ent. The developed regression
equations provide acceptable estimates for rumandl postruminal degradation of CP and
NDF of maize and grass silages.

With the in situ nylon bag technique, different rinsing procedurasenbeen used for the
fractionation of feeds into washout (W) and nontweag (D+U) fractions. The D+U fraction
after rumen incubation, using the nylon bag tedamigs divided into a potentially rumen
degradable (D) fraction and a rumen undegradabldrédtion. The washing machine method

has been used in many differantsitu studies to determine the W fraction and to wash
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adhering material from rumen incubated nylon b&jferent washing machines, washing

programmes and washing times have been used ia #tedies, causing variation in the W

fraction and in then situ results. A new modified method was recently introe with one

rinsing procedure under controlled experimentalditions, using a buffer solution instead of
water. In Chapter 6, the N and/or starch fractiohsnaize (n=99) and grass silages (n=99)
determined, using the washing machine method (wgshiith water) and the modified
method (shaking with buffer solution) were compardthe different methodological
approaches of both methods resulted in differehiegafor the W, the soluble (S) and the
D+U fractions of N of maize and grass silages andtlie W, the insoluble washout (W-S)
and the D+U fractions of starch of maize silagd®e Telationships between the N and starch
fractions determined using both methods and thenda composition of maize and grass
silages were also investigated. The developed ssigne equations can be used for the
prediction of the W, S and D+U fractions of N oags silages and the D+U fraction of starch
of maize silages from the chemical characteristigout conducting extensive experiments.

The following conclusions were drawn from the resbalescribed in this thesis:

e The chemical composition significantly affects thea situ rumen degradation
characteristics of dietary nutrients of maize arabg silages.

» The developed regression equations between cheotogiosition and rumen degradation
characteristics of maize and grass silages proaidetter understanding and, in certain
cases, allow rapid estimation of rumen degradati@racteristics of dietary nutrients.

« Thein situ MNB digestibility of dietary nutrients of maize amplass silages is not only
influenced by their chemical composition but algo the pre-incubation period in the
rumen and the degree of degradation in the rumérsary the rumen escape faction.

» The developed regression equations for small awge limtestinal digestibility of CP can be
used for the rapid estimation of intestinal CP diiplity from chemical characteristics of
maize and grass silages used in practice.

« Three cows are sufficient fom situ nylon bag incubations of grass silages but founore
are required for maize silages.

« Different values for N and/or starch fractions ddige and grass silages were obtained due
to different methodological approaches of using ashing machine method or a newly
developed modified method.

As maize and grass silages are major feed matéoiatkiry herd, the information on nutrient

bioavailability obtained in the present work canused to meet the nutrient requirements of
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dairy cows in terms of their maintenance, healtd aroduction, leading to an increased
economic profitability of dairy farmers. A numbef the developed regression equations
presented in this thesis can be used for a ragith&on of the ruminal and postruminal

degradation characteristics of dietary nutrientsafze and grass silages, without conducting

time consuming and expensiiesitu experiments.

139






Samenvatting




Samenvatting

Het toenemend gebruik van mais- en graskuilen indrgsoen voor melkvee in grote delen
van de wereld, maakt het noodzakelijk om onze lseeoner factoren die de voederwaarde van
deze silages bepalen en beinvioeden wordt uitgkbi®é voederwaarde van mais- en
graskuilen varieert sterk met de chemische sarmiéngtewat weer het gevolg is van een
combinatie van verschillende factoren, zoals hebrgk van verschillende cultivars,
bemestingspraktijken, groeiomstandigheden, oodsitdogie, rijpheidstadium op het
moment van de oogst en inkuiltechnieken. Versahikevan deze individuele factoren zijn
reeds onderzocht im situ experimenten. Gegevens over de relatie tussenhedmische
samenstelling van de kuilen en igesitu afbraak in de pens en in de darmen van koeien zijn
op beperkte schaal beschreven in de wetenschd@pétgratuur. Deze informatie is echter
van belang voor een nauwkeurige schatting van dedimgswaarde, ten einde de
samenstelling van rantsoenen te kunnen optimatiseoer een optimale diergezondheid en
productiviteit, zonder dat het noodzakelijk is onrelen tijdrovende experimenten met dieren
uit te voeren.

Het eerste doel van dit proefschrift was om detielassen de chemische samenstelling van
de mais- en graskuilen en de situ pensafbraak (nylonzakjestechniek) en idesitu
verteerbaarheid in de darmen (mobiele nylonzaljesiek) van de diverse nutriénten te
onderzoeken. Het tweede doel was om te bepaleneokaeien al dan niet voldoende zijn om
de variatie tussen individuele koeien, voor wardfetn situ pensafbraakkenmerken van de
mais- en graskuilen, te dekken, of dat meer dievedig zijn. Het derde doel van dit
proefschrift was om twee fractioneringsmethoden nedkaar te vergelijken, de
wasmachinemethode en een nieuwe aangepaste methrodstikstof (N) en zetmeel in
maiskuilen en N in graskuilen te scheiden in velieride fracties. Bovendien werd de
mogelijkheid om de N- en zetmeelfracties van desmaiii graskuilen te schatten met behulp
van de chemische analyses onderzocht.

In hoofdstuk 2 en 3 werd de relatie onderzochtelsde chemische samenstelling van de
mais- en graskuilen en de& situ pensafbraakkarakteristieken van de droge stof ,(DS)
organische stof (OS), ruw eiwit (RE), neutraal dgtet fiore (NDF) en zetmeel. Monsters
van mais- en graskuilen werden genomen van velesctdd boerderijen gelegen in
verschillende delen van Nederland. Na het bepatende chemische samenstelling, werden
75 maiskuilmonsters en 69 graskuilmonsters gesssttom verder onderzoek mee te
verrichten, om zodoende een brede range aan chHersamenstelling en kuilkwaliteit van de
monsters te verkrijgen. De maiskuilmonsters wergeselecteerd op basis van de gehaltes

aam RE, NDF en zetmeel en de graskuilmonsters wegdselecteerd op basis van de
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gehaltes RE en NDF. De maiskuil- en graskuilmomsteerden in poreuze nylon zakjes
geincubeerd in de pens van drie melkkoeien, waardimia werden verkregen onder uniforme
experimentele omstandigheden (dezelfde koeien,eliétz incubatieprotocol en dezelfde
procedures voor chemische analyses) en dus zoadati® in de experimentele condities. De
brede range in de chemische samenstelling van d& ma graskuilen leidde tot een grote
variatie in de pens-afbreekbare fracties van DS, RIS, NDF en zetmeel. De verkregen
gegevens werden gebruikt om regressievergelijkingkrte leiden tussen de chemische
samenstelling van de mais- en graskuilen en dealkarakteristieken van DS, OS, RE, NDF
en zetmeel. Enkele van deze vergelijkingen kunremgkt worden voor een snelle schatting
van de pensafbraakkarakteristieken onder praktigtandigheden.

Verschillende voederwaarderingssystemen voor her&es) zoals het DVE/OEB, systeem

in Nederland, het PDI-systeem in Frankrijk en hesriflinavische NorFor systeem, adviseren
het gebruik van drie dieren om in situ nylonzakjeabaties mee uit te voeren. In hoofdstuk 4
werd onderzocht of het aanbevolen minimum aantal dide koeien voldoende is om de
variatie tussen de individuele koeien te dekkenat@n accurate schatter wordt bepaald.
Vijftien maiskuil- en 15 graskuilmonsters werdeerkibor gebruikt. De resultaten laten zien
dat er significante verschillenP€0,05) waren tussen de individuele koeien voor de
afbraakkarakteristieken van DS, OS en RE in maiskuidat aangeeft dat het gebruik van
slechts drie koeien niet voldoende is om in sitlonyakjesincubaties met maiskuilen mee uit
te voeren en dat vier of meer koeien noodzakelijk. De verschillen tussen individuele
koeien die werden gevonden voor de afbraakkarakieken van DS, OS, RE en NDF in
graskuilen waren niet significan®%0,05). De resultaten suggereren dat het gebruikdviz
koeien voldoende is om nylonzakjesincubaties maslgrilen mee uit te voeren en ook dat
het samenvoegen van pensincubatieresiduen van ugeaskis toegestaan om een
representatief monster te verkrijgen. Informatierovariatie tussen individuele koeien is

belangrijk voor een nauwkeurige schatting van despfbraakkarakteristieken.

In hoofdstuk 5 worden relaties beschreven tusseshdmische samenstelling van de mais- en
graskuilen en de afbreekbaarheid van RE, NDF ememdtin de dunne en dikke darm,

bepaald met de mobiele nylonzakjestechniek. Voaaige aan de incubatie in de darmen
van de koeien werden de monsters verschillendegesigeincubeerd in de pens van koeien.
Er was een grote variatie in de afbreekbaarheidREBNNDF en zetmeel in de pens en in de
darmverteerbaarheid, hetgeen mede veroorzaakt ewydde brede range in de chemische

samenstelling van de mais- en graskuilen. De dateembaarheid van RE, NDF en zetmeel
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werd beinvloed door het gehalte van deze componeéntde mais- en graskuilen en door de
afbraak in de pens. De ontwikkelde regressievgkgmdien bieden aanvaardbare schattingen
voor de afbraak van RE en NDF in mais- en grashkuilede pens en in de darmen van
lacterende koeien.
Verschillende wasprocedures worden gebruikt voorfiaetioneren van voermonsters in een
uitwasbare fractie (W) en een niet-uitwasbare (Dfrbigtie. Na incubatie van de nylon zakjes
in de pens bestaat de D+U fractie uit een potdnpieesafbreekbare (D) fractie en een niet-
pensafbreekbaar (U) fractie. De wasmachinemethoddegrootte van de fracties te bepalen
werd (en wordt) gebruikt in veel in situ onderzamk de W-fractie te bepalen en om de
zakjes te wassen na incubatie in de pens. In vesthoeven studies worden verschillende
wasmachines, wasprogramma'’s en wastijden gebhekgeen leidt to variatie in de grootte
van de W-fractie en in de uiteindelijke in situ ukaten. Een nieuwe aangepaste methode
werd onlangs geintroduceerd, waarbij gespoeld worelt een bufferoplossing in plaats van
met water, onder gecontroleerde experimentele odgfaeden. In hoofdstuk 6 werd deze
nieuwe aangepaste methode vergeleken met de ¢ragldgi wasmachine methode. De N en
zetmeel fracties van maiskuilen (n=99) en de Ntigacvan graskuilen (n=99) werden
bepaald met de wasmachinemethode (wassen met vemtemlet de aangepaste methode
(schudden met bufferoplossing). De verschillendeaderingen van beide methoden leidde
tot verschillende waarden voor de uitwasbare feati/), voor de oplosbare fractie (S) en
voor de D+U fracties van N in mais- en graskuilenvan de W fractie, de onoplosbare
uitwasbare fractie (W-S) en de D+U fractie van zshin maiskuilen. De relatie tussen de
chemische samenstelling van de mais- en graskeiletle N-fracties en de zetmeelfracties,
bepaald met beide methodes, werd ook onderzochbrideikkelde regressievergelijkingen
kunnen worden gebruikt voor het voorspellen vanfrdeties W, S en D+U van N in
graskuilen en van de fracties D+U in maiskuilendgétchemische samenstelling, zonder dat
uitgebreide experimenten benodigd zijn.
De volgende conclusies kunnen worden getrokkenhett onderzoek beschreven in dit
proefschrift:
» De chemische samenstelling heeft een significadiecefop de in situ afbraak-
karakteristieken van de verschillende chemischepooranten van mais- en graskuilen.
» De ontwikkelde regressievergelijkingen tussen ckehe samenstelling en pensafbraak-
karakteristieken van mais- en graskuilen zorgerr \en beter begrip en, in bepaalde

gevallen, voor een snelle schatting van de persaitbarakteristieken van de nutriénten.
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e De verteerbaarheid van nutriénten van mais enkgites in de darmen, bepaald met de
mobiele nylonzakjestechniek, wordt niet alleen Pi®ad door hun chemische
samenstelling maar ook door de pre-incubatieperiodie pens en de mate van afbraak in
de pens.

« De ontwikkelde regressievergelijkingen voor de exniy van ruw eiwit in de dunne en
dikke darm kunnen worden gebruikt voor een sne#igaling van de darmverteerbaarheid
van ruw eiwit uit de chemische samenstelling vamdés- en graskuilen in de praktijk.

» Voor de nylonzakjesincubaties van graskuilen zijie #oeien, maar voor incubaties van
maiskuilen in nylon zakjes in de pens zijn vierader dieren vereist.

» Verschillende waarden voor de fracties van N emeet van mais- en graskuilen werden
verkregen met de twee beschreven methodes, de whisremethode en een nieuwe
aangepaste methode, die methodologisch verschilden.

Omdat mais- en graskuilen de belangrijkste voedktedén zijn voor melkvee, kan de

informatie over de beschikbaarheid van nutriénteschreven in dit proefschrift, worden

gebruikt om de behoeften van melkkoeien aan nuaiEte voldoen in termen van onderhoud,
gezondheid en productie wat leidt tot een verhoogdenomische rentabiliteit van de
melkveehouders. Sommige van de ontwikkelde regressjelijkingen kunnen worden
gebruikt voor een snelle schatting van de afbraalidteristieken van nutriénten van mais- en
graskuilen in de pens en in de darmen, zonderijdadstende en durén situ experimenten

benodigd zijn.
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