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Abstract — Isoenergetic maize silage diets, fed at maintenance to 24 suckling cows (Exp. 1) and
to 3 (Exp. 2) or 4 (Exp. 3) rumen fistulated sheep, were compared with a urea and controlled release
NPN diet (Exps. 1 and 2) and with a protein-N supplemented diet (Exp. 3). Supplementation increased
blood urea concentrations (44.7 +22.3 vs. 97.6 + 23.7 mg uted)NExp. 1) and renal urea excre-

tion (2.5 +1.1vs. 7.6 = 1.8 g uread\!) (Exps. 2 and 3), whereas blood allantoin concentrations (286.7
+77.0umol-L-1Y) (Exp. 1) and renal excretion of purine derivatives (357.6 = 90.7 mg purité:N

(Exps. 2 and 3) were not affected, indicating additional N supplementation did not improve rumen
microbial growth. However, some deficiency of rumen degradable N might occur in non supple-
mented diets as suggested by the reduced rumgrNNikhd RNA concentrations (868 + 270 vs.

1466 + 466 mg RNAg1 rumen contents).

maize silage / rumen / microbial growth / maintenance / degradable nitrogen

Résumé— Effet du niveau et de la nature de I'azote dégradable sur la croissance microbienne

et I'efficacité de I'utilisation d’azote dans le rumen d’animaux nourris d’ensilage de mais

a I'entretien. Des régimes isoénergétiques a base d’ensilage de mais ont été distribués a 24 vaches
(Exp. 1), et a 3 (Exp. 2) ou 4 (Exp. 3) moutons fistulés a I'entretien. lls ont été comparés a des
régimes supplémentés en urée et en une source de libération controlée d'urée (Exps. 1 et 2) ou en azote
protéique (Exp. 3). La supplémentation augmente les concentrations sanguines d’'urée (44,7 £ 22,3 vs.
97,6 + 23,7 mg ™) (Exp. 1) ainsi que les rejets urinaires d'urée (2,5+1,1vs. 7,6 + 18y N

(Exps. 2 et 3) tandis que la concentration sanguine d'allantoine (286,7#Ta,0~1) (Exp. 1) et
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I'excrétion urinaire des dérivés de purines (357,6 + 90,7 mg purné-fExps. 2 et 3) n'ont pas été
influencées, ce qui indique que la supplémentation d’azote n’augmente pas la croissance micro-
bienne. Pourtant, 16 h aprées le repas, les régimes non supplementés montrent des concentrations
réduites en ammoniac et en ARN (868 + 270 vs. 1466 + 466 mg ARN par kg de contenu ruminal) dans
le rumen.

ensilage de mais / rumen / croissance microbienne / entretien / azote dégradable

ABBREVIATIONS nitrogen (RDN) [6, 14, 31], (iv) type and
] conservation of roughage [2, 26, 43] and
BUN: blood urea nitrogen; ~ (v) synchronisation of energy and nitrogen
CRNPN controlled release non prote|nsupp|y in the rumen [30, 36, 43, 53] Hence,
nitrogen; o o the use of a constant microbial growth effi-
DVE: true protein digestible in the small ciency might result in an oversimplified
intestine [56]; model of in vivo events [2]. Moreover, it

MN o microbial nitrogen supply as esti- should be realised, that most of the systems
mated from fermentable OM intake [56]; were developed for high yielding dairy cat-
MNpp: microbial nitrogen supply as esti- tle and several systems (for example [56]) do
mated from urinary excretion of purine not incorporate considerable possibilities
derivatives [12]; _ for urea recycling through the rumen wall or
MN g, Microbial nitrogen supply as esti- by saliva [35].

mgted from R.DN. [561; ] By these currently used protein evalua-
NPN: non protein nitrogen; tion systems, maize silage is evaluated to
OEB: rumen degraded protein balance [S6]h¢ geficient in N supply for optimal rumen
RDN: rumen degradable nitrogen; microbial growth (for example [54, 56, 60]).
VFA: volatile fatty acid. We studied the effect of correcting this RDN
imbalance on the efficiency of rumen
N-utilisation in three experiments using
1. INTRODUCTION suckling cows (Exp. 1) and fistulated sheep
) _ _(Exps. 2 and 3), fed according to their main-
Compared to the digestible crude proteirtenance requirements. Since both the quan-
system, currently used protein ev_aluatlortity' nature and energy-nitrogen synchroni-
systems for ruminants attempt to improvesation rate of the rumen degradable
the efficiency of N-utilisation in cattle by pitrogenous compound might influence the
the incorporation of rumen N'transactionsrumen microbial y|e|d, we Compared anon
(for examples see [54, 56, 60]). In these sysgypplemented maize silage diet with three
tems, microbial growth is predlpted from types of N supplementation (urea and a con-
the rumen energy supply, accepting a (seMiyolled release non protein nitrogen

constant microbial growth rate [2, 54, 56,(CRNPN) (Exps. 1 and 2) and a protein-N
60]. However, both in vitro and in vivo goyrce (Exp. 3).

experiments have revealed variations in ne

rumen microbial growth efficiencies (see

e.g. reviews by Beever and Cotrill [2], 2 MATERIALS AND METHODS
Demeyer and Van Nevel [17], Dijkstra et al.

[21]) in relation to (i) microbial recycling,  2.1. Animals and management

mainly caused by protozoal engulfment [33].

(ii) level of feed intake [10], (iii) composi-  All the experiments described were
tion of the supplemented rumen degradablcarried out in accordance with the
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recommendations of the Ethical Commis-cages (2.5 mx 1.5 m) adapted for individual
sion of the Ghent University (dossier offeeding. The animals were fed twice daily at
acceptance No. 98/33) and were supervise@la.m. and 5 p.m.

by a qualified veterinarian.

2.1.1. Experiment 1 2.2. Experimental design

Twenty-four, individually housed, suck- _
ling cows of the Belgian Blue breed (550 + All the experiments were performed
59 kg), were studied in a Latin square desigAccording to a Latin square design. Animals
during three experimental periods, each las@f experiments 1 and 2 were divided into
ing one week and preceded by 14 days dhree groups to study the effect of correcting
adaptation. The animals were fed twicdhe RDN imbalance of maize silage [56] by

daily, at 7 a.m. and 7 p.m. a non protein nitrogen source (NPN). In
order to study the effect of a synchronised
2.1.2. Experiments 2 and 3 energy and nitrogen supply, urea was used

in one of the NPN supplemented diets,
Three (73.9 + 6.0 kg) and four (71.3 +whereas in the other a CRNPN source
7.4 kg) rumen fistulated mature wethergQuartes N.V., Deinze, Belgium) was added.
(Exps. 2 and 3, respectively), were housed il a third experiment, the sheep were divided
metabolic cages (1.5 m1.0 m) under con- into two groups to study the effect of the
tinuous lighting during the experimental nature of the N supplement. A non supple-
period of 14 days for experiment 2 and sevemented diet was compared with a diet sup-
days for experiment 3. During the 14 daygplemented with soybean meal and linseed.
of adaptation before each experimentalhn overview of the experimental design is
period, the sheep were housed in biggegiven in Table I.

Table I. Overview of the experimental design indicating the number of animals, Latin square peri-
ods, diets and samples (per animal and per treatment) and type of analyses performed.

No. of animals No. of periods No. of diets Samples
Urine Blood Rumen
Exp. 1 24 3 3 - B b -
Exp. 2 3 3 3 4 - ax 1P
Exp. 3 4 2 2 3 - 3x 1P
Analyses

Allantoin  Allantoin  RNAC
Urea Urea NH
VFA

2Number of sampling days.
b Number of samples at different times after feeding within the same sampling day.
®RNA was analysed in duplicate on samples taken at one of the 12 sampling times (16 h after feeding).
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2.3. Composition of the experimental bounded to sugar cane molasses (46%,
diets Quartes N.V., Deinze, Belgium, see Tab. llI).

2.3.1. Maize silage 2 3.3. Protein-N

The maize silage was made from maize : . .
harvested in September of the former year, 1€ Protein-N source used in éxperiment 3
Ilts chemical characteristics are shown if'aS & mlxture_of Soybeaf! meal and I!nseed
Table Il. From OEB-values (rumen degrade after mechanical extraction of the oil, see
protein balance) [56], the utilised maize ab. 1.
silage could be calculated to show a defi- The diets were fed according to the ani-
ciency of 4.0 to 4.8 g g1 DM for optimal  mals’ maintenance requirements for energy
rumen microbial growth. In experiments 2(VEM) [15] and were always isoenergetic
and 3, sufficient maize silage for the whole(Tab. IV). In order to obtain isoenergetic
experiment was stored, until required, undediets, molasses (Tab. Ill) was added to the
vacuum at —15 °C in separate plastic bag®lank and urea supplemented diets in exper-
containing enough silage for one feedingments 1 and 2. The feed offered was com-

portion. pletely consumed on all occasions. For the
supplemented diets, the NPN or protein-N
2.3.2 CRNPN supplementation was calculated to provide

33.8%, 26.8% and 15.6% of the rumen
The liquid CRNPN source used in experdegradable N (RDN) in experiments 1, 2
iments 1 and 2 consisted of urea chemicallgnd 3 respectively [15].

Table Il. Chemical characteristics of maize silage used in the three experiments.

DM oMt CHP CFit CFH VEM! DVE! OEB!
(%) gkg™ DM
Exp. 1 296 9595 87.8 1723 2 912 46 -30
Exp. 2 30.1 9480 86.0 185.0 35.0 917 49 -25
Exp. 3 31.0 952 85.6  187.0 2 909 47 27

1DM, dry matter; OM, organic matter; CP, crude protein; CFi, crude fibre; CF, crude fat; VEM, feed unit milk
(1000 VEM = 6.9 MJ) [15]; DVE, true protein digested in the small intestine [56]; OEB, degradable protein
balance [56].

2 Not determined.

Table Ill. Chemical characteristics of CRNPN source (controlled release non protein nitrogen,
Quartes N.V., Deinze, Belgium), soybean meal (SM), linseed and molasses.

pMt oMt cH CFit CF VEM! DVE! OEB!
(%) gkgl DM
CRNPN 62.5 840.0 640.0 2_ -2 800 112 480
SM 87.7 926.5 4176 69.0 21.1 1137 259 181
Linseed 89.9 937.7 303.7 1135 85.7 1091 170 111
Molasses 74.5 Z -2 -2 -2 858 50 -43

1See Table II.
2 Not determined.
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Table IV. Average diet composition (kg DM/day/animal).

Maize silage Molasses Urea CRNPNSoybean meal Linseed meal

Exp. 1
Blank 8.1 0.19 - - - -
Urea 8.1 0.19 0.089 - - -
CRNPN 8.1 - - 0.5 - -
Exp. 2
Blank 0.81 0.016 - - - -
Urea 0.81 0.016 0.007 - - -
CRNPN 0.81 - - 0.042 - -
Exp. 3
Blank 0.81 - - - - -
Protein—N 0.66 - - - 0.049 0.074

1CRNPN, controlled release non protein nitrogen (Quartes N.V., Deinze, Belgium).

2.4. Sampling collected using a collection device, fitted
. closely under the wether in order to prevent
2.4.1 Experiment 1 faecal contamination of the urine samples.

The collection device was connected by a

tube to a reservoir in which urine was pre-

served by adding sulphuric acid 4 M (pH < 3)
Each experimental period provided sixstepwise with increasing urine volume. Each

blood samples per animal, taken on thre@4 h urine collection was diluted to 7 litres

different sampling days at 3 and 9 h aftefto prevent precipitation of uric acid during

feeding (Tab. I). These sampling times werestorage [10]). A representative subsample

chosen since the blood peak urea concenvas taken and stored at —20 °C until analy-

tration has been shown to occur 3 h aftesis for purine derivatives and urea.

feeding, whereas the blood urea (BUN) con-

centration 9 h after feeding corresponds with 2 4 2 5 Rumen samples for \H

the basal BUN level [27]. Samples were col- 51d VEA determination

lected in heparinised tubes from the arteria

or vena caudalis medianoa and centrifuged During three experimental days, rumen
immediately at 300 at 4 °C. Plasma was ¢qntents were sampled at 0.5, 1, 2, 3, 4, 5, 6,
divided into two portions and preser_ved at7, 8, 11, 13.5 and 16 h after feeding between
—20 °C till analysis of urea or allantoin. g p.m. and 9 a.m., to follow pH (PHM Stan-
dard pH meter, Radiometer, Copenhagen,
Denmark) and ammonia (NHand volatile
fatty acid (VFA) concentrations. After pH
measurement, rumen samples were acidi-
fied by 2% (final concentration) addition of
In experiments 2 and 3, total urine col-phosphoric/formic (10/1, v/v) acid, cen-
lection (24 h) was carried out during fourtrifuged (10 min at 22000), filtered and
and three days respectively. Urine waghe filtrate stored at 4 °C till further analyses.

Blood plasma samples for urea
and allantoin determination

2.4.2. Experiments 2 and 3

2.4.2.1. Total urine collection for urea
and purine derivative determination
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2.4.2.3. Rumen samples for RNA 4.0 with phosphoric acid and the buffer was
determination filtered through a 0.4Bm filter (Millipore,

Brussels, Belgium). For allantoin analysis
. . in blood plasma samples (Exp. 1), methanol/
ronment, in particular N supply, become%ater (1:1) was used as buffer B. For the
limiting with time after feeding, microbial urine samples (Exps. 2 and 3), buffer B was

A o e feed i brepared by diluting 100 mL of the stock
cator of rumen microbial biomass. IndeedSOIUtlon to 800 mL with milli-Q water, the

; : . .~ bH was adjusted to 4.0 and 200 mL ace-
fsgr;%e t?)akr)lg f;lg('ﬁ; 32%";’:3;&“%%? ?S 'rﬂse;lonitrile was added. Before use, buffers were

RNA was assumed to be mainly from micro-ﬁj\;\éays stirred for 30 min at room tempera-
bial origin 16 h after feeding. Hence, during™ ~*
4, respectively 3 days of the experimental
periods of experiments 2 and 3, 350 mL of
whole (liquid + solid phase) rumen contents
was sampled just before the morning feedﬁo
ing, from which two representative sub—f0

samples of 10 g were removed for RNA,

To evaluate whether the nutritional envi-

2.5.1.3. Chromatographic conditions

System 1 was adopted for the determina-
n of allantoin in blood plasma, system 2

r the complete analysis of purine metabo-
ites in the urine samples. The buffer solu-

analysis. tions in both systems were run at 1-min?

and the effluent was monitored at 205 nm.
2.5. Analyses In system 1, after buffer B was kept at 0% for

1 min, a linear gradient from O to 40% buffer

2.5.1. HPLC analysis of purine B was run during the following 29 minutes.
derivatives The latter amount of buffer B was held for
) 5 minutes, thereafter the column was re-
2.5.1.1. Instrumentation equilibrated for 20 minutes. System 2, was

A single pumping system with two pump-un with the following sequential gradient
ing heads (HPLC controller 2152, solventStéps for buffer B: 0% for 2 min, a linear
conditioner 2156, HPLC pump 2150, LKB, 9radient till 30% for the following 13 min
Bromma, Sweden), equipped with an autoand a ||near grad|ent t|” 100% for 15 min-
matic injector, injecting 2AL sample (Sam- utes, then the column was re-equilibrated
pling Injector 234, Gilson, Analis, Ghent, for 20 minutes.

Belgium) was used. A precolumpk{ond-

abpack Gg, Waters, Brussels, Belgium) was ~ 2.5.1.4. Pre-treatment of samples

used to protect the Nucleosil column (100 A,
5um C,;g4 x 250 mm, Machery Nagel,
Altech, Lokeren, Belgium).

Allopurinol was added as the internal
standard to both blood plasma and diluted
urine samples. Afterwards, blood plasma
2.5.1.2. Buffer solutions samples were pre-treated as described by
Balcells et al. [1]. Finally, both the treated
An initial stock solution of 0.1 M bplood plasma samples and the diluted urine
KH,PO, was prepared and kept at 4 °C.samples were filtered through a 044 fil-
Working buffers were prepared daily. Bufferter (Altech, Laarne, Belgium) just before
A was prepared by diluting 100 mL stockHPLC-analysis. Blood samples were anal-
solution to 1 L with milli-Q water (Milli- ysed for allantoin, whereas in urine samples
pore, Brussels, Belgium), to which onehypoxantine and uric acid were determined
ampoule of PIC reagent (PKB-8 Low besides allantoin. Urinary xantine concen-
UV-Regent, Waters, Brussels, Belgium) wagrations were negligible. All purine stan-
added. Afterwards, the pH was adjusted tdards (allantoin, hypoxantine, xantine and
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uric acid) as well as allopurinol were pur- 2.7. Calculations

chased from Sigma (Bornem, Belgium). . )
2.7.1. MN,; based on urinary excretion

2.5.2. Plasma urea concentrations of PD

They were determined C0|0rimetrica”y Conversion of total dally renal excretion
after transformation of urea to NHis ~ Of purine derivatives (P to daily duode-

described by Diez et al. [19]. nal flux of microbial N (MN,) was calcu-
lated based on the equation of Chen and
2.5.3. Urea in the urine Gomes [12]:

) , MNPD = (PD,x70)/(0.116x 0.83x 1000)
Ureain the urine samples were analyse
according to the method developed bywith 70, N content of purines (70 mg
Dierick [18] in which urea was first trans- N-mmol); 0.116, ratio of purine-N to total
formed to NH. Afterwards, NH was deter- N in mixed rumen microbes; 0.83, digestibil-
mined using the microdiffusion method ofjty of microbial purines; PD microbial
Conway [13]. purines absorbed from the small intestine
(mmold-?) calculated as:

2.5.4. NH, and VFA concentrations
K PD,=0.84x PD, + (0.15x W0-75x 0.25< PDg)

NH; and VFA concentrations in the acid-
ified rumen samples were analysed respe
tively using the microdiffusion method of
Conway [13] and by gas-liquid chromatog
raphy (GC 14, Shimadzu, 's Hertogenbosc
the Netherlands) as described by Marty an

vith PD,, microbial purines excreted in the
urine (mmold-1); WO-75 metabolic body
_weight of the animal (kg); the slope 0.84 rep-
Hesents the recovery of absorbed purines in
gwe urine; the component within brackets rep-

Demeyer [38]. resents the endogenous contribution of
purine derivatives to total excretion after
2.5.5. Analysis of rumen RNA correction for the utilisation of microbial
concentrations purines by the animal.

They are based on the orcinol method as 2-7-2- MN:qy based on intake of FOM

described by Herbert et al. [29]. ) )
In the Belgian and Dutch protein evalu-

ation system microbial N supply is calcu-
2.6. In vitro incubations lated from the intake of fermentable OM
(FOM, kgd™) [56] as:

During the second experiment, 6 in vitro _
incubations were carried out as described by MNgg) = 150 FOM /6.25.
Mbanzamihigo et al. [39], using 10 mL
rumen contents of the studied sheep, 40 mL
Burroughs buffer [4], 1.0 g (DM) grounded
maize silage and 67.25 mg N from urea or . . .
the CRNPN source. Supplemented N from Based on the intake of RD_N, microbial N
both NPN sources was highly in excess 0§upply can be calculated as:

N needed for microbial growth. VFA pro- [CPx(1-1.11x %BRE / 100)]
duction and NHaccumulation were deter- MNgpn = 6.25

mined after 0, 1, 2, 4 and 6 h of incubation ’
as described for the determination of VFAwith %BRE, the fraction of rumen unde-
and NH, concentration in vivo. graded feed CP in total feed CP [56].

2.7.3. MNyp, based on intake of RDN
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2.8. Statistics plot analysis for repeated measures. The
i effect of incubation time was tested as the

A SPSS software for Windows (releaseyithin-subject-effect’ and urea and CRNPN
9.0, SPSS, Inc., USA) was used. were compared based on ‘between-subject-

. effects’.
2.8.1. Experiment 1

Since blood concentrations of urea and 3 RESULTS
allantoin at 9 h were not independent of val-
ues observed 3 h after feeding, a split plot 3.1. In vitro incubations
analysis for repeated measures was used to
evaluate the effect of N supplementation, From total mean VFA production (2605 +
animal, Latin square period and samplingt39umol per incubation) and average rela-
time. The effect of sampling time wastive individual VFA productions of acetate,
evaluated from the ‘within-subject-effect’. propionate and butyrate (54.5 +2.3%, 22.6 +
N supplementation, period and animal were.5% and 19.2 + 6.2%, respectively), FOM
introduced as ‘between-subject-factors’ angvas calculated to represent 243.6 +40.4 mg
their effects evaluated from the ‘between-per incubation [16]. Since in vitro incubation
subject-effects’. A post-hoc duncan test wagsonditions are not supportive of protozoal
performed for N supplementation after split-growth metabolism, net microbial incorpo-

ting the data file per sampling time. ration of 60 to 70 mg Mg~ FOM could be
. assumed [34]. Hence, bacterial growth can
2.8.2. Experiments 2 and 3 be assumed to result in a maximal uptake

of NH5-N of 14.6 to 17.1 mg, indicating the

Renal excretions of purine derivatives,addition of 67.25 mg N from urea or CRNPN
urinary urea excretions and rumen RNAs clearly in excess compared to the possible
concentrations were compared using analyuptake by rumen bacteria. After 6 h of incu-
sis of variance (ANOVA), general factorial bation, an accumulation of about 16 mg
design, with animal, period and suppleNH,-N could be observed for both NPN
mentation (non supplemented vs. urea Vssources (Fig. 1). Surprisingly, after 6 h of
CRNPN, Exp. 2, and non supplemented vsncubation still 31.1 + 1.9 mg N was recov-

protein-N, Exp. 3) as main factors. In experered as urea (data not shown).
iment 2, a post-hoc duncan test allowed to

distinguish the effect of the three different N

supplementation treatments. To compare 3.2. Rumen N and energy release
rumen NH-N and VFA concentrations with

time after feeding, split plot analysis for In vitro NH;-N accumulation (Fig. 1),
repeated measures was performed as feuggests only a minor and non significant
experiment 1. Again, the effect of samplingtendency ¢ = 0.32) for a slower N release in
time was evaluated from the ‘within-sub-the rumen from the CRNPN source. This
ject-effect’ and the animal, period and Nhas been confirmed during the in vivo trials,
supplementation effect from the ‘between-since neither BUN concentrations (Tab. V)
subject-effects’. A post-hoc duncan test wasor rumen NH-N patterns (Fig. 2) differed
performed to evaluate the effect of N supsignificantly between the urea and the

plementation in experiment 2. CRNPN supplemented diet. Peak rumen
NH,-N concentrations were reached between
2.8.3. In vitro incubations 0.5 and 2 hours after feeding for all diets

(Fig. 2). However, compared to the NPN
NH,-N accumulation from urea and supplemented diets (Exp. 2), supplementa-
CRNPN source were compared using splition of a mixture of soybean meal and
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linseed (Exp. 3) induced lower rumen peak The relative contribution of iso-acids (sum
NH5-N concentrations and higher basal conef iso-butyric and iso-valeric acid) to the
centrations (Fig. 2). Rumen NHN (Exps. 2 total rumen VFA concentration did not dif-
and 3, Fig. 2) and BUN (Exp. 1, Tab. V)fer between the non supplemented and the
concentrations decreased significantly wittiNPN supplemented diets (data not shown,
time after feeding< 0.01). However, for Exp. 2), but increased slightly when a pro-
none of the diets in experiments 2 and 3tein-N source was supplemented (2.26 +
mean rumen NEN concentrations 0.63vs. 2.64 +0.77 mmahot total VFA,
decreased significantly below 3.5 mM.  p < 0.05,n = 144, Exp. 3). No significant

ey
(o]
1

—
N
L

Figure 1. Net NH;-N
accumulation during 1,
2, 4 and 6 h of in vitro
incubation with rumen
contents, Burroughs
buffer, maize silage and
67.25 mg N from urea
(full line and symbols)
or CRNPN (Quartes T T T
N.V., Deinze, Belgium, 0 1 2 3 4 5 6
dotted line)n=6. Incubation time (h)

o]
1

NH,-N accumulation (mg incub™)
iy

Table V. Blood plasma urea (mg-N1) and allantoin §mol-L~1) concentrations 3 and 9 h after
feeding (Exp. 1, meam,= 72).

Time after feeding Blank Urea  CRNPN S.E.M? Statistic§

Animal N suppl.

Urea
3h 47.2 108.8 106.4 2.3 ok —_—
9h 42.2 94.7 80.8 2.5

Statistic$
Sampling time 0.175 Rk oxk

Allantoin
3h 303.1 287.9 275.5 6.1 *x 0.224
9h 275.7 271.3 283.8 7.3

Statistic$

Sampling time 0.133 0.356 0.690

1CRNPN, controlled release non protein nitrogen (Quartes N.V., Deinze, Belgium).

2 standard error of mean.

3xx n<0.001; **p<0.01; *p < 0.05; when not significanp-value is shown.

ab.cDifferent letters within same row indicate significant differences between different N supplepre@itég).
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Experiment 2

T 25
80 X,
T S /N T2
3 - A, it
60 Mo N2 T i
g RO 115 8
£ S 1" 2
.. 1
4 10 Z
20 45
0+ T T T ]
0 4 8 12 16
Time after feeding (h)
Statistics’ Sampling time Animal N supplement
NH;-N HoAk 0214 ok
VFA ok ok ok ok EES

Experiment 3

Figure 2. Rumen VFA-
(dotted lines) and NEIN
(full lines) pattern with time
after feeding for non sup-
plemented maize silage
+ 5 diets @&, Exps. 2 and 3) and
urea @, Exp. 2), CRNPN
0 : . . 0 (Quartes N.V., Deinze, Bel-
0 4 8 12 16 gium) (X, Exp. 2) and pro-
tein-N O, Exp. 3) supple-
mented maize silage diets
Statistics' Sampling time Animal N supplement (n :dlzb):l In Or;jer'; tOf assure

readability of the figure,
NHs-N o 0.183 o standard deviations were
VFA Aok 0.119 0.636 not shown.

VEA (mM)
NH.-N (mM)

20 4

Time after feeding (h)

L+ n<0.001; **p<0.01; *p < 0.05; when not significanp-value is shown.

differences were observed between the non 3.3. Rumen microbial growth
supplemented and N supplemented diets in

experiment 3 for total VFA (Fig. 2) and in puring the first experiment, no signifi-
both experiments 2 and 3 for individual (datacant change of the blood allantoin concen-
not shown) VFA concentrations. In experi-tration could be observed with either time
ment 2, mean total VFA concentrations ofafter feeding or N supplementation (Tab. V).
the non supplemented diet (64.7 miol)  Also the trials with fistulated sheep (Exps. 2
was slightly lower than for the NPN sup-and 3) revealed that N supplementation did
plemented diets (71.8 mmbtY). not increase rumen microbial growth as
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estimated from daily renal excretion of purinebe impaired at lower NHN concentrations
derivatives (Tab. VI). However, rumen RNA ([46], J.R. Wallace, 2000, personal com-
concentrations, 16 h after feeding, were sigmunication).

nificantly lower when the maize silage diet

was not supplemented (Tab. VI).
4.2. Rumen microbial growth

3.4. Renal urea-N excretion Topps and Elliott [57] were the first
researchers to link the total renal excretion

Irrespective of its origin, compared to theof purine derivatives to the quantity of
non supplemented diet (blank), dietary Nmicrobial biomass produced in the rumen.
supplementation induced an increase in uriThis relation has been confirmed extensively
nary urea-N excretion (Tab. VI). afterwards (e.g. review by Shingfield [51]).
Moreover, blood allantoin concentrations
in cattle have been correlated with renal

4. DISCUSSION excretion of purine derivatives [11, 24, 47]
and rumen microbial growth [55]. Hence,
4.1. Rumen N availability in our experiments, the effect of dietary

treatment on duodenal microbial N supply
BUN concentrations can be assumed thas been evaluated from the renal excretion
give an indication of the rumen N avail- of purine derivatives (Exps. 2 and 3) or
ability [5, 27, 35] of the suckling cows stud- blood allantoin concentrations (Exp. 1).
ied in experiment 1. BUN concentrations Both blood allantoin concentrations

of the non supplemented diet were compa¢Tap. /) and renal excretion of purine deriva-
rable with those reported by Oltner andijyes (Tab. VI), suggest that N supplemen-
Wiktorsson [44] and Gonda and Lindbergtation to maize silage diets did not improve
[25], using similar diets with regards to rymen microbial growth yield. In this way,
N supply and were significantly lower than addition of RDN to maize silage diets, fed at
during feeding of the supplemented dietsmaintenance, only resulted in an increased
Compared to the urea supplemented diegnvironmental pollution as urinary urea-N
the CRNPN supplementation induced simexcretion increased significantly (Tab. VI).
ilar peak BUN (3 h after feeding) and However, blood allantoin concentrations
decreased basal BUN (9 h after feeding}Exp. 1, Tab. V) and urinary purine metabo-
concentrations, suggesting no slow releasfte excretion (Exps. 2 and 3, Tab. VI) were
effect of the CRNPN source. This has beemather low compared to values reported in
confirmed in vitro (Fig. 1) and in vivo with the literature for lactating cows (370.6 *
rumen fistulated sheep (Exp. 2, Fig. 2). As79.1umol-L~1, [47]) or ovines (12.2 +
NH,-N concentrations for both the non and3.5 mmold-2, [51]). Due to the assumptions
NPN supplemented diets (Exp. 2) are closenade, Chen and Gomes [12] stressed pre-
to 3.5 mM from about 8 h after feedingdictions of microbial nitrogen supply from
(Fig. 2), microbial growth might be impaired urinary excretion of purine derivatives
by a lack of nitrogen [32, 45, 50]. This might(MN ) should not be taken as absolute
be of particular importance for maize silagemeasurements. Still, Mi, ranging from
diets, which have been suggested to induc.3 to 6.1 g Ni~1 for the sheep of experi-
a considerable lag time for maximal micro-ments 2 and 3, indicated that the microbial
bial growth [59]. However, other researchersiitrogen supply was significantly lower
have suggested the ability of rumen bacterithan predicted from the Belgian and
to incorporate NEN to a 15 fold gradient Dutch protein evaluation system (MM,
[48] through which their growth would not 10.3 g Nd™1) [56]. This suggests FOM or



Table VI. Rumen RNA concentrations (mg per 100 g fresh rumen contents) 16 h after feedingnmedn,and daily renal excretion of urea-N
(g-d™Y (meann = 12) and purine derivatives (mmabil) (meann = 12) of experiments 2 and 3.

Experiment 2 Experiment 3
Blank Urea CRNPN S.E.M? Statistic$ Blank Protein S.E.M. Statistic$
Animal N suppl. Animal N suppl.
RNA 89.4 151.¢ 152.9 2.9 Rk * 83.2 135.2 4.0 ok 0.101
Urea-N 3.19 8.0 8.09 0.46 0.234 ok 2.58 7.10 0.24 0.114  sxx
Purine 6.35 6.58 6.77 0.54 0.251 0.892 5.64 6.61 0.32 0.226 0.074

1CRNPN, controlled release non protein nitrogen (Quartes N.V., Deinze, Belgium).

2 Standard error of mean.

3+ n<0.001; *p<0.01; *p < 0.05; when not significanp-value is shown

ab.cpifferent letters within same row indicate significant differences between different N supplements of expenirehdg)

09¢
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microbial growth efficiency are significantly bacteria [49], which are more abundantly
lower in our experiments than assumed byresent with maize silage diets [42]. In order
this protein evaluation system. Basically,to exclude possible confounding between
the DVE/OEB system was developed forsynchronisation and feed characteristics, we
high yielding dairy cattle fed diets rich in tried to evaluate the effect of the synchro-
RDN [56]. As a consequence, it might not benisation rate, on the microbial growth yield
surprising that this system does not givaising a CRNPN source. However, due to
accurate information for animals at main-the poor slow release effect of the latter
tenance, with lower rumen passage rates, ¢Figs. 1 and 2), our objective failed. From
for diets deficient in RDN (e.g. maize the literature, however, synchronisation of N
silage). Indeed, both maize silage diets [20and energy supply has been suggested to
23, 24, 58] and slow rumen outflow ratesplay only a minor role when energy release
[17] were reported to show reduced micro4s gradual (such as in maize silage) [3, 28].
bial growth efficiencies. Moreover, calcu- Indeed, under such conditions, the plasma
lated MN,, values are slightly lower than urea pool can be used as a ‘N pool reserve’,
microbial protein supply estimated fromrecycled to the rumen during periods of
RDN of non supplemented maize silageN shortage and considerable OM fermen-
diets (MNypy, 6.8 g Nd™). This suggests tation [35]. This was confirmed during an
no considerable compensation of presumeigh vivo trial [41], in which the supplemen-
deficient RDN by urea recycling, probably tation of a slow or fast protein-N source to
because N supply from maize silage did nogaize silage did not induce a difference in
limit microbial growth in the rumen of ani- mjcrobial growth yield. On the contrary,
mals at maintenance. It should be stresse@hamberlain and Choung [9] expected ben-
however, that some rumen N shortage mighéficial effects of synchronisation when the
occur with time after feeding, as suggestedumen pH is above 6.8 for significant peri-
from the rumen RNA concentrations gds of the feeding cycle, since absorp-
(Tab. VI). Possibly the rumen RNA con- tion can be extensive. In our second and
tent, measured 16 h after feeding, is not reghird experiment, pH-values between 6.6
resentative for average rumen microbiahnd 7.0 were achieved 7 h after feeding.
RNA, determining renal purine derivative Nevertheless, since no increase in micro-
excretion, which might explain the discrep-pja| growth yield has been observed when
ancy between the rumen RNA concentragpplementing the protein-N source, which
tions and renal excretion of purine derivainqyced a more gradual NN release
tives. (Fig. 2), there is no convincing evidence
that a closer synchronisation might ensure
higher microbial protein synthesis under our
4.3. Effect of type of RDN experimental conditions. Furthermore, in
contrast with the study of Cottrill et al. [14]
Partial substitution of urea-N by a pro-who acknowledged the importance of the
tein-N provoked a 50 to 95% increase irPrigin of the RDN source for microbial
rumen microbial growth, at least at high lev-growth in trials with maize silage, replace-
els of maize silage intake [14, 23]. It isment of the NPN sources by a protein-N
unclear whether the latter is linked to a morsource (Exp. 2 vs. Exp. 3) did not affect
synchronised energy and nitrogen supplynicrobial growth yield in our experiment. It
for the rumen microbes [52], an increasedgshould, however, be recognised that urea-
need for degradabte-amino acid-N to max- N supply in the study of Cottrill et al. [14]
imise microbial growth yield when feeding represented up to 40% of the total N sup-
NPN sources [37] or a significant need forply, where as in our experiment, this con-
amino acids and peptides by amylolytictribution was only 24.7% at the maximum
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(urea supplemented diet). Former experii]
ments have revealed the origin of the N
source to be only of minor [7, 10, 46] or no
[8] importance when urea represents lesg;)
than 30% of the total N. Observed iso-acid
proportions for the non supplemented, NPN
and protein-N supplemented diets were sim-
ilar to those reported by Peyraud et al. [46]i6]
However, as for the experiment of Peyraud
et al. [46], the slight increase of iso-acids
in the protein-N supplemented diet, did notz
improve microbial growth yield.

5. CONCLUSION i8]

Irrespective of its origin, supplementa-
tion of RDN to maize silage diets, fed
according to maintenance requirement
does not increase rumen microbial growt
yield. As a consequence, application of the
Belgian and Dutch protein evaluation system
for animals at maintenance, fed maize sup-
plemented diets, will overestimate the supf10]
ply of true digestible protein in the small
intestine (DVE) and underestimate renal N
losses to the environment. Hence, for ani-
mals at lower production levels, estimationg11]
of OEB and DVE should be revised, in order
to allow sparing of feeds and reducing envi-
ronmental risks. Of course, the tolerance to
reduced RDN supply for longer periods and
the effect of deficient RDN on energy sup-112]
ply and animal response should be taken
into account and need further long term
research.

9]
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