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Abstract — The extent to which rumen soluble nitrogen can contribute to the intestinal flow is
unknown. Therefore a study was carried out to simultaneously assess the dynamics of protein dis-
appearance from dacron bags placed in the rumen and the amount of various N products (total nitro-
gen (tN), ammonia nitrogen (NH3-N), non-ammonia nitrogen (NAN). Measurements were carried out
on 4 sheep fed various lucerne forages. These forages included fresh lucerne cut at the vegetative or
bud stage, fresh lucerne cut at the 6-week second growth stage and at stemmy regrowth stage. In addi-
tion two silages made from lucerne at the bud stage, with or without formic acid were also given. The
hay was dried on the ground in good weather. The effective degradability of nitrogen (DegN) estimated
from the nylon bag procedure was lowerk(0.05) with the latter vegetation stage (0.80 for vegeta-

tive stage vs. 0.76 for bud stage). This value was 0.81 for the regrowth stage. The DegN of the
silages was highep( 0.05) without additive (0.84) than with formic acid (0.80) and the DegN of

the hay was markedly lower (0.6< 0.05) than with the original fresh forage. Whatever the forage
studied, tN and NAN rumen fluid contents were high at 1 h or 2 h after feeding (from 0.458 mg

for hay to 0.813 mgfor fresh forage at the vegetative stage) and diminished rapidly up to 7 h after
feeding except for the silages, for which the minimum content was observed 4 h after feeding. A part
of the solubilised nitrogen remained as proteins at 1 h and 2 h after feeding for fresh lucerne at var-
ious stages of harvesting (from 0.187-g1gto 0.221 mey L at 1 h) while no protein could be seen

in the rumen fluid after feeding of sheep fed silage (with or without preservative) or hay. The part of
NAN escaping rumen degradation and transiting with the rumen fluid represented 7 to 11% of the nitro-
gen disappearing from the nylon bags placed in the rumen. There was little difference linked to the veg-
etation stage of the forage or its mode of conservation in particular. This content remained high for hay
while its effective degradability (0.66) was much lower than for other forages (from 0.76 to 0.84).

lucerne / green forage / silages / hay / vegetation stage / protein degradation / rumen fluid
composition
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Résumé— Dégradation dans le rumen des protéines d’un fourrage vert de luzerne récolté a
différents stades de végétation et conservé sous forme d’ensilage ou de fdimportance du flux

d’azote solubilisé dans le rumen pouvant contribuer au flux d’azote intestinal est mal connu. C’est pour-
guoi une étude a été conduite pour estimer simultanément en cinétique la disparition des matiéres azo-
tées des sachets de nylon déposés dans le rumen et la teneur en différentes fractions azotées du jus de
rumen (azote total (tN), azote ammoniacal (NH3-N), azote non ammoniacal (NAN)). Les mesures ont
été effectuées sur 4 moutons alimentés avec différents fourrages de luzerne : luzerne récoltée en
vert au ®cycle, stades végétatif et bourgeonnement, et luzerne récoltée a 6 semaines de repousse a
tiges au 2cycle, 2 ensilages (conservés avec et sans acide formique) et un foin réalisé a partir du four-
rage vert au stade bourgeonnement séché au sol par beau temps. La dégradabilité effective de I'azote
estimée a partir de la méthode des sachets de nylon (DegN) diminue significatipen®66] avec

le stade de végétation (0,80 pour le stade végétatif contre 0,76 pour le stade bourgeonnement) ; elle
est de 0,81 pour les repousses. En comparaison avec le fourrage vert récolté au stade bourgeonnement,
la DegN des ensilages est significativement plus élev€€,05 ; 0,84 pour I'ensilage sans acide for-

mique et 0,80 pour celui avec acide formique) et la DegN du foin est fortement diminuée (0,66 ;

p < 0,05). Quel que soit le fourrage étudié, les teneurs en tN et NAN dans le jus de rumen sont éle-
vées au temps 1 h ou 2 h aprés le repas (de 0,458 mour le foin & 0,813 mg L pour le fourrage

vert au stade végétatif) et diminuent rapidement jusqu'a 7 h apres le repas sauf pour les ensilages pour
lesquels on observe une teneur minimum au temps 4 h. Une partie des matiéres azotées solubilisées
reste sous forme de protéines a 1 h et 2 h apres le repas pour le fourrage vert de luzerne aux différents
stades de récolte (de 0,187-g1a 0,221 may1a 1 h) alors que I'on n'observe pas de protéines aprés

le repas dans le jus de rumen des moutons ayant consommeé de I'ensilage (avec ou sans conservateur)
ou du foin. La part de I'azote non ammoniacal qui échappe a la dégradation dans le rumen et transite
avec le liquide ruminal représente de 7 a 11 % de I'azote disparaissant des sachets de nylon déposés
dans le rumen. Elle est peu différente selon I'age du fourrage ou son mode de conservation en par-
ticulier cette teneur reste élevée pour le foin alors que sa dégradabilité effective (0,66) est beaucoup
plus faible que celle des autres fourrages (de 0,76 a 0,84).

luzerne / fourrage vert / ensilage / foin / stade de végétation / dégradation des protéines /
composition du jus de rumen

1. INTRODUCTION The in situ method assumes that the sol-
ubilised nitrogen is completely degraded
into ammonia inside the rumen. Studies car-
ried out on concentrates [7] have shown that
part of the solubilised nitrogen is indeed
transformed into ammonia after a meal but
that a part could also remain as protein or
non-ammonia nitrogen (NAN) and leave
the rumen with the liquid phase.

We studied the degradation in the rumen
In France, the in situ method [31] is usecof nitrogen from fresh lucerne forage, cut
to predict the quantity of protein from at various growth stages, (vegetative, bud
dietary sources escaping degradation in thstage and at the second growth cycle). For
rumen. Because of a lack of data on foragebud stage, forage was harvested as silage
the feeding systems suggested by INRA [22with or without preservatives and as hay.
use fixed nitrogen degradability (DegN) for The objectives of the study were, firstly, to
each of the most representative forage typeinvestigate the effect of the growth stage
respectively fresh forages, hay, and silageand of the various modes of conservation
with and without preservatives. on the in situ degradation (nylon bag

The protein value of feeds for ruminants
is based on an estimation of the quantity @
dietary and microbial protein absorbed in
the small intestine. Dietary nitrogen that
escapes degradation in the rumen is therefo
an important factor in determining the pro-
tein value.
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procedure) of nitrogen in the rumen and, Each measurement period included a
secondly, to establish whether a part of th@ week adaptation phase and 2 weeks for
solubilised nitrogen would remain long measurements: one week was used to mea-
enough in the rumen as proteins, peptidesure the kinetics sampling of the ruminal
and amino-acids, to escape ruminal degrdiuid and ruminal content measurements and
dation by transiting with the liquids. the second week was used to measure the
in situ degradation kinetics. Forages placed
in the bags were the same as in the diet.

2. MATERIALS AND METHODS They were made at the end of the week of
kinetic sampling and rapidly frozen to avoid
2.1. Forages modifications of forages (see Sect. 2.3).

. . In parallel, the digestibility of organic

The study was carried out with fresh a1 (OMD) was measured on another
lucerne cut at two stages in the first growthy 5 of 6 intact sheep kept in metabolism
cycle (60 cm high vegetative stage and alages. The measurements were carried on
the end of the bud/flowering stage) and i ggp forages and not on frozen forages
the second growth cycle (stemmy regrowthhecayse freezing at —20 °C modifies the
at 6-week regrowth after the end of the bu@naracteristics of forages and their degrad-
stage. ability [20, 26].

Two silages and one hay were made from
the fresh lucerne cut at the bud stage. The ) ]
fresh forage was ensiled with 19% dry mat2-3. In situ degradation
ter in 4 n¥ experimental silos. One silage ) N
was without additives and the other with Nitrogen degradability was measured
formic acid (800 &g 5 literst-L. The using the nylon bag procedure, as described

hay was dried on the ground in gooddy Michalet-Doreau et al. [31]. Dacron bags
weather. (Ankom) (pore size 30—-G@m) with an inter-

nal surface of % 11 cm and closed by two

stitches were used. Forage samples weighed
2.2. Animals and experimental design into bags were prepared according to Dul-

phy et al. [17]. Fresh forages and silages

The study was carried out on 4 Texelere cut into particle sizes of 4-5 mm length.

sheep weighing about 60 kg and fitted withHay was ground to a mesh size of 4 mm. A
a ruminal cannula. During the experimentafuantity equivalent to 2.5 g dry matter (DM)
periods, the animals were housed in indiwas weighted into bags followed by incu-

vidual pens and allowed free access to watdation in the rumen of the four fistulated
and the salt block. sheep fed the same forage. Incubation peri-

The animals were given the fresh forageogﬁovxirgezr’s'ﬁfe’ r;lt\j\;ezri 322;?0?'2T\2’%;%pg'h
\cl)vre(;gr;zgrng 1;](1):36;([?5 F|)r(1a ?dc;;ggﬁ% ;‘t%rg.(l-g;g/hereas three replications were used for 16,
refusal) at 09.00 h and 17.00 h 24 and 48 h. A standard hay was incubated
e : : (8 h) daily in duplicate in the rumen of each

Two series of measurements were conof the animals used, in order to detect any
ducted: the first during the spring /summeichanges in the level of degradation during
with the fresh forages at various growththe experiment. After the removal of bags
stages (vegetative stage: May 1997, buffom the rumen, they were kept at =20 °C
stage: June 1997 and stemmy regrowth: Julyntil analysis. Prior to analysis, the bags
1997); the second during autumn with thavere defrosted and then rinsed with cold
conserved forages (silage without additiveyater until the rinse water ran clear. The
silage with formic acid, then hay). bags were then beaten for 7 minutes in a



464 J. Aufrére et al.

“stomacher” [29], followed by further wash- fractional turnover rate of rumen fluid was
ing and finally dried at 60 °C for 48 h. calculated by adjustment of the Cr-dilution
Michalet-Doreau and Ould-Bah [30] showedcurve [39].

that beating the residues in the bags in a Tpe daily fractional turnover rate (kl)
stomacher can significantly reduce microt_)iakh_l) of a given digesta fraction was calcu-
contamination of the undegraded fractlor‘ated by dividing its daily intake by the mean

of the sample. Nitrogen solubility without :
incubation in the rumen (T 0 h) was deter—rumen content of the fraction [21].

mined by soaking the bags containing the
samples in warm water (40 °C) for 1 h 302.6. Chemical analyses
min, followed by drying as before.

The total nitrogen (tN) content forages,
bag residues and soluble nitrogen content
of the rumen fluids (before and after pre-
, cipitation with sulfosalicylic acid) were

Rumen fluid was taken from the sameyetermined using the Kjeldahl method [4].
sheep on two consecutive days, before thene rotein contents in the rumen fluid were
moming meal (T 0 h), and 1, 2, 4 and 7 hourgpiained as the difference between total
after feeding. 150 mL of rumen fluid were niirogen in the rumen fluid before and after
taken and muslin-filtered then Ce”t”fugedprecipitation. The NH3-N values were deter-
for 5 min at 12@ to remove dietary particles ined on the acid supernatant (after pre-
and protozoa. The supernatant was ceRypitation with sulfosalicylic acid) by the
trifuged at +4 °C and 270@Xor 20 min in Conway method [13].

order to remove dietary particles and bac- .

teria. Proteins were then precipitated by The fibre contents (NDF, ADF, ADL)

adding sulfosalicylic acid (400lg™)) and ~Were de;ermlned for the forages as proposed

separated after centrifuging (200g@or Py Goering and Van Soest [19].

10 min). The fermentative characteristics of the
silages were analysed (pH, NH3-N, soluble
N, volatile fatty acids and lactic acid) [16].

2.4. Ruminal fluid sampling

2.5. Rumen content and digesta kinetics

Total reticulo-rumen contents were deter2-7- Calculations and statistical analysis
mined by manually emptying the rumen o _
before the morning meal (08.30 h) and after The in situ dry matter and N disappear-
the evening meal (19.00 h). Rumen empty@nces of lucerne forages were fitted to the
ing were carried out with an interval of atmodel ofCirskov and McDonald [32] using
least 60 h to ensure normal digestion [1]. & hon-linear regression procedure [36]:

After emptying, rumen contents were % N degraded = a+b (1 - exD.
weighed, homogenised and sampled for DMrhe effective degradability of nitrogen DegN
determlr_;_?]tlotn tar|1d thendremtéqé:luc?d in thcg\,as calculated as:
g%mrﬁirr]‘. [10? otal procedure did not excee DegN =a + (bc) / (¢ + kp)

assuming kp = 0.06-h[27].

A 200 mL dose of a Cr-EDTA solution
[11] was injected into the rumen 2 h beforel N& same model was used to calculate the
morning forage distribution. Samples oféffective degradability of dry matter
rumen fluid (50 mL) were taken from (D€gDM).

09.00 h on, over a 36 h period and stored at The various degradation parameters
—20 °C until Cr concentration analysis. Thefor the dracon bags were analysed using
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Table I. Chemical composition of lucerne forages.

Fresh forage  Fresh forage Fresh forage Silage Silage Hay
1st growth 1st growth 2nd growth without  with formic
vegetative stage  bud stage  stemmy regrowth  additive acid

CP (gkg~tDM)* 2015 172.8 184.3 179.9 179.7 174.8
NDF (gkg~t DM) 408 489 459 431 416 528
ADF (gkg™1 DM) 235 312 314 313 294 357
ADL (g-kg"1DM) 65 79 71 70 64 82
OMD (%) 65.7 60.0 63.8 63.5 61.7 61.0

Dry matter (DM); Crude Protein (CP); neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid deter-
gent lignin (ADL); organic matter digestibility (OMD).
* Oven dry matter corrected for volatile losses for silages [16].

variance analysis (SAS GLM procedure)the OMD were between those for the 1st

[36] according to the following model: growth vegetative and bud stages.
Y =M+ Ai + Tj + Ejj The NDF content of fresh forage (bud
stage) was higher than for silages but the
M: overall mean; digestibility of the silages was slightly higher
Ai: animal effect (df = 3); than that of the corresponding fresh forage.

Tj: stage of vegetation (vegetative, bud ot is with hay cut on the same day as the
regrowth; df = 2) or conservation effectsilages that the expected OMD is the lowest,
(fresh at bud stage, silage with or with-in accordance with the highest fibre content
out preservative, hay; df = 3); (Tab. ).

Eij: residual error (df = 6 or df = 9), respec- | ,cerne silage without a preservative
tively. was of inferior quality to the one preserved
Since no significant difference appearedVith formic acid: the pH and acetic acid

between the two measurement days (DuncéfPntent, the NH3-N/tN and soluble N/tN

test) [36] for the parameters measured iPercentages were higher (Tab. Il).

the rumen fluid (tN, NH3-N, NAN) the

mean values of the two measurement day§2 In situ dearadation

were analysed following the same model. =~ 9

Fresh forages were compared, on the one
hand, according to their vegetation stage at
3.RESULTS the 1st growth stage and at the 2nd growth

3.1. Chemical composition, digestibility fstage (Tab. 111), and on the other hand,

and conservation quality or the same vegetation stage according to
of the forages their mode of conservation (silage or hay)
(Tab. IV).

The fibre content of green lucerne for- The degradability of the dry matter of
age (NDF and ADF) increased accordinghe fresh forage was significantly higher at
to the maturity of the plant while the nitro- the 1st growth vegetative stage< 0.05)
gen content and OMD decreased (Tab. I}than at the other stages of harvesting. DegN
For the 2nd growth (stemmy regrowth), thefor fresh forage at the vegetative stage was
values for nitrogen and fibre contents andsignificantly higher than at the bud stage
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Table 1. Fermentation characteristics of thestage and the 2nd growth stage on the one
silages studied (determined on the fresh silages)rand, and the 1st growth vegetative stage
and bud stage on the other.

Silage without Silage with

additive formic acid DegDM for fresh forage and the 2 silages
were identical and significantly higher than

PH 4.48 4.03 for hay, whose b fraction was much higher
NH3-N (% Nt) 12.86 7.62 <005 d furth d ded at
Sol N (% Ni) 65.52 54.90 (p .05) and furthermore degraded at a
low degradation rate.
Acids (gkg~1 DM) . .
Lactic 97.36 45.60 DegN for the 2 silages were higher than
Acetic 42.35 296 that of fresh forage (from 4 to 8 points) while
Propionic 1.11 0.3 for hay it was 10 points lower than that of
Butyric 0 0 fresh forage. DegN for silage without an
L additive was significantly highep& 0.05)
Alcohols (gkg™DM) than for silage with formic acid, with a
Methanol 3.52 250 degradation rate c of the b fraction which
Ethanol 4.98 3.03 was twice as high.
Propanol 0.99 0.26
Butanol 0.04 0 As for DegDM, DegN of hay was sig-

nificantly lower (10 to 17 points) than for
the 3 other forages since its b fraction was
. much higher and the degradation rate c,
(p < 0.05) but no different from the 2nd 2 g 4 times lower. On the contrary, the sum
growth stage resultp 0.05). For nitro-  (a + b) was identical for the 3 preserved for-
gen, modelling parameters (a, b, c) wereges (0.86), and slightly higher than for the
significantly different between the vegetativeoriginal fresh forage (0.83).

Table Ill. In situ degradation parameters for lucerne forages according to the stage of growth.

Fresh forage Fresh forage Fresh forage RSD
1st growth 1st growth 2nd growth
vegetative stage bud stage stemmy regrowth

DM

a 0.313 0.27¢ 0.31¢ 0.0043

b 0.459% 0.42¢ 0.409 0.0073

c 0.162 0.13P 0.27¢ 0.0126
DegDM 0.643 0.568 0.58% 0.0053
N

a 0.396 0.41¢ 0.46C¢ 0.0029

b 0.4768 0.427P 0.418 0.0065

c 0.34F 0.304 0.307 0.0188
DegN 0.806 0.761P 0.81¢ 0.0068

DM: dry matter; N: nitrogen; a: rapidly degraded fraction (%); b: slowly degraded fraction (%); c: rate of degra-
dation (IT1), Deg: degradability (%) a + (bc/(c + k)); RSD: residual standard deviation; differents superscripts in
a same line correspond to a significant differempce ©.05)
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Table IV. In situ degradation parameters for lucerne forages according to the conservation method.

Fresh Forage Silage Silage Hay RSD
1st growth without with formic
bud stage additive acid
DM
a 0.278 0.33F 0.30F 0.189'  0.0126
b 0.428 0.37¢ 0.40% 0.53%  0.0159
c 0.13% 0.12¢ 0.114 0.068  0.0176
DegDM 0.568 0.57& 0.568 0.45%  0.0152
N
a 0.41% 0.618 0.60F 0.34% 0.0190
b 0.42% 0.25F 0.26F 0.512  0.0152
c 0.304 0.427 0.214 0.108  0.0325
DegN 0.76% 0.83& 0.804 0.664 0.0171

DM: dry matter; N: nitrogen; a: rapidly degraded fraction (%); b: slowly degraded fraction (%); c: rate of degra-
dation (IT)), Deg: degradability (%) a + (bc/(c + k)); RSD: residual standard deviation; different superscripts in
a same line correspond to a significant differepce @.05).

3.3. Rumen fluid composition
(total N (tN), non-ammonia N
(NAN), ammonia N (NH3-N),
protein nitrogen (protein-N))

up to 7 h after feeding (0.270 rog? to
0.325 mgg1). Among fresh forages the tN
content was the highegt € 0.05) 1 h and

2 h after feeding for the vegetative stage,
L ) but 4 h after feeding the contents did not
As for the in situ degradation study, for—vary significantly any more (Fig. 1).

ages were compared according to the stage

of growth for fresh forage (Fig. 1) and  NH3-N contents were at their maximum
according to the conservation mode for th h and 4 h after feeding (0.350 g on
bud stage (Fig. 2). average for fresh forage at the vegetative

The variation coefficient of tN content stage) but there was not significant differ-
in rumen fluid varied from 3 to 20% respec-ence between forages although they were
tively for the stage of growth and 6 to 27%@always slightly higher for fresh forages in
for harvesting silage with or without preser-the vegetative stage ¢ 0.05) except 2 h
vative and hay. For NH3-N contents, the(p < 0.05) after feeding. The NAN content
variation coefficient varied from 2 to 29% Wwas the difference between tN and NH3-N.

and 4 to 27%. The NAN content followed the same evo-

I]ution over time as tN. It represented a large

part of tN since it was between 50% and
0% 1 h and 2 h after feeding and between
4% and 46% 4 h and 7 h after feeding.

Rumen fluid content measurements fo
the various nitrogenous forms (tN, NH3-N,
protein N) at T 0 h (before the meal) an
7 h after feeding were very similar what-

ever the type of forage. For all fresh forages, the NH3-N content

For all fresh forages, whatever their harin rumen fluid was maximum 2 h after the
vesting stage, the tN content in rumen fluidneal (0.321 mg! to 0.349 mgg™)
was maximum 1 h or 2 h after feedingthen decreased up to 7 h after feeding
(0.633 mgy1to 0.813 may L) and decreased (0.135 mgg1to 0.183 meg™)).
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Figure 1. Evolution of the concentration (mggd) of tN, NH3-N, Protein-N in the rumen fluid for
lucerne fresh forages at different vegetation stages, before the morning meal (T 0 h) and 1 h, 2 h,

4 h, and 7 h after the meal.
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Figure 2.Evolution of the concentration (rgg) of tN, NH3-N, Protein-N contents in the rumen fluid
for lucerne fresh forage, silage without additive, silage+formic acid and hay before the morning

meal (TOh)and 1 h, 2 h, 4 h, and 7 h after the meal.
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1 h and 2 h after feeding, protein could be The DegN for fresh forages and silages
found in the rumen fluid (Fig. 1) for the were close to those found by other authors
three fresh forages cut at the various stag€8.80 in Demarquilly and Jarrige’s review
(from 0.187 mgy~1to 0.221 mgy 1 h after [15], Amrane and Michalet-Doreau [2]) and
feeding). These proteins represented 20 tm what we obtained previously [6]. The
30% tN 1 h and 2 h after feeding but nonelecrease observed for DegN with age agreed
was found from 4 h after feeding onward. with the results of the bibliography [9, 24].

The evolution of the concentration of the '€ & * b fraction decreased slightly dur-

various nitrogenous forms (tN, NH3-N, Ing the growth stage, as observed_ by
NAN) were similar for the two silages. On Antoniewicz et al. [3]. In accordance with

the contrary to what was observed for fresRther results [6, 23, 25], the immediately
forages cut at the same stage, (Fig. 2), t luble fraction a of the S|!ages was h|gher
rumen fluid showed a high content of thesdl@n for fresh forages while the fraction b

3 parameters 1 h after feeding, a minimun{vas lower. The fraction a did not differ for

amount 4 h after feeding and an increaseti® silages while the soluble N/tN was lower
or the silage treated with formic acid. So,

content again at 7 h after feeding, whic he DeaN diff b |
was higher than thatat T O h (Fig. 2). ~ \he DegN ditterence between silages was
only due to the difference between the

Although tN contents were lower than for degradation rate which was twice as low for

fresh forages at all sampling times, the evothe silage treated with formic acjol< 0.05).
lution of the tN content for hay was compa-

rable with that of fresh forages (0.524-g7g In rumen fluid, the maximum value of

atT1hand 0.326 mgrtat T 7 h). NH3-N tN was reached 2 h after feeding for the
content was maximum 1 h and 2 h aftefresh forages and decreased up to 7 h while
feeding (about 0.270 my)) and decreased for the silages, there was a maximum value
up to 7 h after feeding. at 1 h, then a decrease at 4 h followed by

Proteins were not observed in the rumel’?i‘)r(] ilg?gzzsg a; gi ft:‘ég—er:ﬁ:seeirﬁ?\:nfse ggirr‘] be
fluid of sheep being fed hay or silages, bu ﬁ . ]3! he sh hich gl
the NAN content remained high for all ehaviour of the sheep which eat severa

kinetic times since it was between 40% an&malII meals if they are fed silage while they
50% tN eat fewer larger meals when fed fresh forage

or hay, as observed by Baumont et al.
(unpublished results) on a group of sheep
in parallel with the same forages as those
studied here and previously in a compari-

) i _son between hay and silage made from the
Concentration of crude protein (CP) ingame orchard grass forage [12].
lucerne decreases with plant maturity

because the leaf proportion decreases while The average NH3-N content in the rumen
the fibre content increases. Silages had lowéended to decrease with the age of the plant
NDF contents than corresponding fresh forwhich was consistent with the results of
ages. Such differences have been previouskawas et al. [24]. It remained higher for
observed by Dulphy and Demarquilly fresh forages than for silages (except at 2 h),
(unpublished results): hemicellulose is partlywhich was in agreement with the results
hydrolysed in the silo. Fermentative char-obtained by Mc Donald and Edwards [28]
acteristics of lucerne silages with and with-and Flores et al. [18]. NH3-N content was
out preservative were very comparable witmevertheless lower for hay as observed by
the results obtained by Demarquilly and JarMc Donald and Edwards [28] and Vagnoni
rige [14] and to those found in the INRA and Broderick [37]. However, a part of the
tables [22]. solubilised nitrogen remained as protein-N

4. DISCUSSION



Degradation in the rumen of lucerne forage 471

1 h and 2 h in the rumen after feeding ofneasurements carried out with the
fresh lucerne, as we had observed on son@romium-EDTA. DegN measured by dra-
single feeds [7, 8]. con bags were calculated by taking into

The same degradation profile of nitro-account either a 6% per hour for a fractional
gen fractions observed in rumen fluid for'@t€ of the particles from the rumen for all
fresh lucerne cut at various stages, was i{Prages [22]. The ratio between the quan-

good accord with the modelling parametet'ty 0f NAN (calculation Tab. V) of the
(a, b, c) value. rumen fluid able to escape degradation in

the rumen and the nitrogen degraded in the
On the contrary to sheep fed fresh foryymen enabled us to assess an underesti-

age, no true protein content in the rumennation of 7 to 11% of the nitrogen degraded
fluid of sheep fed silage was observed, SiNCg, the rumen. This also amounted to modu-

the proteins, especially ribulose 1-5 diphosiating the 1.11 factor used for estimating
phate carboxylase, had already beefe proportion of our estimates of dietary
degraded in the silo; these resullts Conf'rmeBrotein reaching the intestine, using the dra-
the ones we observed previously withcon hag procedure [38]. This factor calcu-

lucerne [5]. As might be expected, for hay|ted with our estimates of NAN flow varied
that degrades less and more slowly, nitrog,om 1,20 to 1.47 (Tab. V). The ratio

gen degrades progressively to NH3-N, peppetween the quantity of the NAN in the

tides-N plus the amino-acid-N stage withoutymen fluid liable to escape degradation in
any intermediate protein accumulation.  the rumen and was 6.8 to 9.5% of the nitro-

The NAN, which is the difference betweengen degraded in the rumen.

tN and NH3-N, may have been surestimated.
NAN in the rumen fluid can include other N
forms as nucleic acids [33] that we find in
low quantity [35]. We can also find other

The quantity of NAN able to leave the

rumen varied very little in relation to the

age of the forage or its mode of conserva-

. . tion. This content remained particularly high

nitrogen forms (saliva N, endogenous Ny the hay while its DegN (0.664) was

microbial nitrogen). much lower than for other forages (0.761
We quantified the part of the NAN in the to 0.838). These results agree with those of

rumen fluid, which escapes degradation irPrange et al. [34] who carried out in vivo

the rumen and arrives in the small intestingneasurements and found an equivalent

in order to estimate the nutritional conseNAN flow at the level of the duodenum

guences (Tab. V). From our results of NANwhen the animals were fed silage lucerne

content at different kinetic times, the NAN hay.

flow (Tab. V) was calculated as the area

under the curve (extended to 12 h) multi-

plied by two, to take into account theg coNCLUSION

evening meal. It was expressed as daily dry

: 1pM.d-L -
matter intake (CRg™DM-d~). In the cal The DegN of nitrogen in fresh lucerne

culation of NAN flow, the mean volume of decreased only slightly with the age of the

the liquid phase of the rumen and the frac; :
tional passage of the liquid phase were takeﬁljrage (from 0.80010 0.761). It was slightly

into account. The volume of the liquid phase 'ghﬁrl for stagis (0'8t38t6,:ﬂd 0.804),tbut
of the rumen was calculated from the averin"C N cl\’\{)eg(izr ay cut at (ne same stage
age of the measures carried out by emptyinE:;Deg =0.664).

before the morning meal and after the In rumen fluid, part of the solubilised
evening meal for each of the forages (seaitrogen remained as proteins 1 h and 2 h
Sect. 2.5). The fractional passage of the ligafter the meal for fresh forages at different
uid phase (kl) was determined from thestages of harvesting while no proteins were
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Table V. Ratio between the amount of non-ammonia nitrogen (NAN) liable to escape degradation in the rumen and degraded proféfierémt the d

lucerne forages.

Fresh forage  Fresh forage Fresh forage Silage Silage Hay
1st growth 1st growth 2nd growth without with formic
vegetative bud stemmy regrowth additive acid

Crude Protein (CP) (gg~1DM) 201.5 172.8 184.3 179.9 179.7 174.8
DM intake (DMI) (kgd™1) 2.200 2.210 2.310 1.980 1.950 1.640
Effective degradability of nitrogen (DegN) (kp = 0.08)h 0.800 0.761 0.810 0.838 0.804 0.664
Mean volume of liquid phase (L) 8.8 10.9 8.2 9.8 9.4 11.6
Daily digesta fractional turnover rates¥h(kl) 0.094 0.091 0.103 0.090 0.091 0.069
NAN content ([INAN]) (g} 5.460 4.640 4.560 4.900 4.000 3.960
NAN flow (CP-kg~t DMI.d-1) expressed in%y 12.79 13.07 10.45 13.64 10.95 12.00
CPx DegN\¢ 161.2 1315 149.3 150.8 144.5 116.1
NAN/(CP x DegN) (%) 7.93 9.94 7.00 9.05 7.58 10.34
CPx (1-DegN} 40.29 41.29 35.01 29.15 35.22 58.74
coeff = ((CPx (1-DegN) + NANflow))/(CPx (1-DegN))  1.32 1.32 1.30 1.47 131 1.20

2NAN content was calculated from our results of kinetics of rumen juice at 0 h, 1 h, 2 h,4 h, 7 h after the meal and etehdétetoto 24 h.

b NAN flow = ([NANJ/DMI) x kI x 6.25x mean volume of liquid phase.

¢ Degraded protein in the rumen.
d Undegraded protein in the rumen.

‘e 10 asouNy ¢
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observed after a meal in the rumen fluid of11]
sheep who had received silage (with or with-
out preservative ) or hay.

The part of NAN of the rumen fluid [12]
escaping degradation in the rumen was 7 to
11% of the nitrogen that disappeared from
the dracon bags placed in the rumen.

(13]
REFERENCES

[1]  Aitchison E.M., Gill M., Dhanoa M.S., Osbourn [14]
D.F, The effect of digestibility and forage species
on the removal of digesta from the rumen and
the volontary intake of hay by sheep, Brit. [15]
J. Nutr. 56 (1986) 463-476.

[2] Amrane R., Michalet-Doreau B., Effect of matu-
rity stage of italian rye grass and lucerne on
ruminal nitrogen degradability, Ann. Zootech. 42
(1993) 31-37.

[3] Antoniewicz A.M., Kowalczyk J., Kanski J., [16]
Gorska-Matusiak Z., Nalepka M., Rumen
degradability of crude protein of dried grass and
lucerne forage measured by in sacco incubation
and predicted by near infrared spectroscopy(17]
Anim. Feed Sci. Technol. 54 (1995) 203-216.

[4] AOAC, Official Methods Of Analysis, 13th ed.,
Association of Official Analytical Chemists,
Washington, DC, 1980.

[5] Aufrére J., Boulberhane D., Graviou D., Andrieu
J.P., Demarquilly C., Characterisation of in situ [18]
degradation of lucerne proteins according to for-
age type (green forage, hay and silage) using
gel electrophoresis, Anim. Feed Sci. Technol.
50 (1994) 75-85.

[6] Aufrere J., Boulberhane D., Graviou D.,
Demarquilly C., Comparison of in situ degra-
dation of cell-wall constituents, nitrogen and
nitrogen linked to cell walls for fresh lucerne
and 2 lucerne silages, Ann. Zootech. 43 (1994)20]
125-134.

[7]1  Aufrére J., Graviou D., Demarquilly C., The
significance of the degradation products of rape-
seed meal proteins in the rumen according tq21]
different meal processing techniques, Ann.
Zootech. 47 (1998) 127-140.

[8] Aufrere J., Garces C., Graviou D., Hernando .,
Demarquilly C., Degradation in the rumen of
treated and untreated soya bean meal proteinsl;zz]
Ann. Zootech. 48 (1999) 263-273.

[9] Balde A.T., Vandersall J.H., Erdman R.A.,
Reeves J.B., Glenn B.P., Effect of stage of matu-
rity of alfalfa and orchardgrass on in situ dry (23]
matter and crude protein degradability and amino
acid composition, Anim. Feed Sci. Technol. 44
(1993) 29-43.

[10] Baumont R., Jailler M., Dulphy J.P., Dynamic of [24]
voluntay intake, feeding behaviour and rumen
function in sheep fed three contrasting types of
hay, Ann. Zootech. 46 (1997) 231-244.

(19]

Binnerts W.T., Van't Klooster A.T., Frens A.M.,
Soluble chromium indicator measured by auto-
matic absorption in digestion experiments, Vet.
Rech. 82 (1968) 470.

Chiofalo V., Dulphy J.P., Baumont R., Influ-
ence of the method of forage conservation on
feeding behaviour, intake and characteristics of
reticulo-rumen content, in sheep fed ad libitum,
Reprod. Nutr. Dev. 32 (1992) 377-392.

Conway E.J., Microdiffusion analysis and vol-
umetric analysis error, Crosby Lockwood and
Son, London, 1957.

Demarquilly C., Jarrige R., The comparative
nutritive value of grasses and legumes, Vax-
todling 28 (1973) 33-41.

Demarquilly C., Jarrige R., Assessment of the
protein value of forages and its expression in
the new protein feeding systems, in: Griffith

T.W., Maguire M.F. (Eds.), Forage Protein Con-
servation and Utilisation, Dublin, Ireland, 1982,

pp. 147-173.

Dulphy J.P., Demarquilly C., Problémes parti-
culiers aux ensilages. Prévision de la valeur
nutritive des aliments des Ruminants, INRA
Publ., 1981, pp. 81-104.

Dulphy J.P., Demarquilly C., Baumont R., Jailler
M., L'Hotelier L., Dragomir C., Study of modes
of preparation of fresh and conserved forages
for measurement of their dry matter and nitrogen
degradations in the rumen, Ann. Zootech. 48
(1999) 275-287.

Flores D.A., Phillip L.E., Veira D.M., lvan M.,
Digestion in the rumen and aminoacid supply
to the duodenum of sheep fed ensiled and fresh
alfalfa, Can. J. Anim. Sci. 66 (1986) 1019-1027.

Goering H.K., van Soest P.J., Forage fiber anal-
yses, in: Agricultural Handbook No. 379, US
Department of Agriculture, Washington, DC,
1970, pp. 1-20.

Hristov A.N., Nitrogen fractions and in sacco
dry matter and crude protein degradability of
fresh and frozen alfalfa, Anim. Feed Sci. Tech-
nol. 71 (1998) 351-355.

Huhtanen P., Kukkonen U., Comparison of
methods, markers, sampling sites and models
for estimating digesta passage kinetics in cattle
fed at two levels of intake, Anim. Feed Sci.
Technol. 52 (1995) 141-158.

INRA, Recommended allowances and feed
tables, in: Jarrige R. (Ed.), Ruminant Nutrition,
JL Eurotext, London and Paris, 1989.

Janicki J., Stallings C., Degradation of crude
protein in forages determined by in vitro and in
situ procedures, J. Dairy Sci. 71 (1988)
2440-2448.

Kawas J.R., Jorgensen N.A., Lu C.D., Influence
of alfalfa maturity on feed intake and site of
nutrient digestion in sheep, J. Anim. Sci. 68
(1990) 4376-4386.



474

(25]

(26]

[27]

(28]

[29]

(30]

(31]

(32]

J. Aufrére et al.

Lopez S., Carro M.D., Gonzalez J.S., Ovejero[33]
F.J., The effect of method of forage conservation
and harvest season on the rumen degradation of
forage harvested from permanent mountain
meadows, Anim. Prod. 53 (1991) 177-182.

MacRae J.C., Campbell D.R., Eadie J., Changes

in the biochemical composition of herbage UpPONy34]
freezing and thawing, J. Agric. Sci. Camb. 84
(1975) 125-131.

Mc Donald 1., A revised model for the estimation
of protein degradability in the rumen, J. Agric.
Sci. 96 (1981) 251-252.

Mc Donald P., Edwards R.A., The influence of
conservation methods on digestion of forages
by ruminants, Proc. Nutr. Soc. 35 (1976) 201.

Merry R.J., Mc Allan R.B., A comparison of

the chemical composition of mixed bacteria har-
vested from the liquid and solid fractions of
rumen digesta, Brit. J. Nutr. 50 (1983) 701-709.[36]
Michalet-Doreau B., Ould-Bah M.Y., Estimation

of the extent of bacterial contamination in bag
residues and its influence on in sacco measurgzy]
ments of forage nitrogen degradation in rumen,
XVI International Congress, Nice, France,
4-11 October 1989, Vol. II, pp. 909-910.

Michalet-Doreau B., Vérité R., Chapoutot P.,
Méthodologie de mesure de la dégradabilité in38]
sacco de l'azote des aliments dans le rumen,
Bull. Tech. CRZV Theix 69 (1987) 5-7.

Orskov E.R., Mc Donald I., The estimation of
protein degradability in the rumen from incu- [39]
bation measurements weighted according to rate
of passage, J. Agric. Sci. Camb. 92 (1979)
499-503.

[35]

Perez J.F., Rodriguez C.A., Gonzalez J., Balcells
J., Guada J.A., Contribution of dietary purine
bases to duodenal digesta in sheep, In situ stud-
ies of purine degradability corrected for micro-
bial contamination, Anim. Feed Sci. Technol.
62 (1996) 251-262.

Prange R.W., Stern M.D., Jorgensen M.D.,
Satter L.D., Site and extent of protein digestion
in lactating cows fed alfalfa silage of baled
alfalfa hay, J. Dairy Sci. 67 (1984) 2308-2314.

Smith R.H., Nitrogen metabolism in the rumen
and the composition and nutritive value of nitro-
gen compounds entering the duodenum. Diges-
tion and metabolism in the ruminant, Proceed-
ings of the IV International Symposium on
Ruminant Physiology, Sydney, Australia,
August 1974.

Statistical Analysis Systems Institute Inc., SAS
STAT Software, General Linear Model, SAS
Institute, Cary, NC, USA, 1985.

Vagnoni D.B., Broderick G.A., Effects of sup-
plementation of energy or ruminally undegraded
protein to lactating cows fed alfalfa or silage,
J. Dairy Sci. 80 (1997) 1703-1712.

Vérité R., Michalet-Doreau B., Chapoutot P.,
Peyraud J.L., Poncet C., Révision du systeme
des Protéines Digestibles dans I'intestin (PDI),
Bull. Tech. CRZV Theix 70 (1987) 19-34.

Warner A.C.L., Stacy B.D., The fate of water

in the rumen. 2. Water balances throughout the
feeding cycle in sheep, Brit. J. Nutr. 22 (1968)

389-410.

To access this journal online:
www.edpsciences.org




