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Abstract — We studied the efficiency of nitrogen utilisation by dairy cows, using three diets differing
in the crude protein (CP) level but with similar deficits (16ygt dry matter, DM) in ruminal fer-
mentable nitrogen. There was no difference in milk yield from the cows offered the three diets (130,
145 and 160 g CRg~1 DM). The milk protein content differed between the two most extreme
diets (28.9 vs. 29.9kgL, P < 0.05), resulting in higher protein yields for the highest CP treatment
(P < 0.01). The efficiency of nitrogen utilisation, calculated as the proportion of ingested nitrogen recov-
ered in the milk, was significantly higher for the 130 gkgP DM diet than for the other two diets
(0.37 vs. 0.33 and 0.32 respectivéhys 0.01). The different diets also resulted in different levels of
nitrogen excretion into the environment (237, 270 and 33@Ig,NP < 0.01). Hepatic deamination

of the amino acids may have generated additional energy to enable the animal to make use of the addi-
tional nitrogen in the diet, resulting in an increase in plasma urea concentration.

nitrogen balance / dairy cow / utilisation / milk / urine

1. INTRODUCTION excreted by ruminants is of endogenous ori-
gin (metabolic losses) and some corresponds
Improvements in the management ofto dietary nitrogen (undigested or unused
effluents from animal production systemsnitrogen). These losses of dietary nitrogen
have been recommended to limit environcould be reduced by increasing the effi-
mental damage. Some of the nitrogerciency of dietary nitrogen use. However,
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the impact of decreased nitrogen supply oor 160 g of crude protekgof dry matter,
milk production and on nitrogen release intag CRkg~! DM). Each period lasted 3 weeks:
the environment (urinary + faecal nitrogen)wo weeks for the adaptation of the cows to
must be assessed. their diet and one for measurements and

The improvements in the efficiency of samplings.
nitrogen use could be obtained in several At the start of the trial, the cows were
ways. For example, minor shortages of fera mean of 66 + 33 days into lactation. In
mentable nitrogen are tolerated in the rumeaverage, the food intake was 18.2 + 2.2 kg
[18, 27]. If the deficit is less than 1&gt DM-d~, the live weight was 631 + 63 kg
DM, this deficit can be compensated by arand the milk yield was 31.4 + 5.7 kg'.
increase in urea recycling [18, 19], and may
not result in a decrease in milk yield [6]. ,
Thus, such a deficit could be used to decrease 2-2- Feeding
the excretion of nitrogen in the form of urea. _ _ )
The animal could also increase its nitrogen The total mixed ration (TMR), provided
use efficiency by decreasing the amino aci@d libitum, consisted of a mixture of grass
catabolism. Finally, the digestibility of nitro- and maize silages (60:40 in DM), mixed
gen in the digestive tract is fairly constantmeal (soybean and rapeseed 80:20 in DM)

but tends to decrease as the nitrogen conteffigated with formaldehyde, cracked maize
of the diet decreases [7]. and minerals. The composition of the diets

. . was determined on the basis of the PDI (pro-
_This work focuses on the efficiency 0f tgjn gigestible in the intestine) system [28].
nitrogen utilisation by dairy cows. We stud-Thjs system is based on the concept of
ied the distribution of feed nitrogen in milk, atapolisable proteins, corresponding to
urine and faeces, to determine the beshe amount of amino acids available in the
balance between the production and envipestine. These amino acids are produced
ronmental nitrogen loads. All total mixed fom microbial protein (PDIM) and rumen
rations resulted in the same'lmbalancgndegraded feed protein (PDIA). The PDI
between rumen fermentable nitrogen andysiem takes into account the availability
rumen fermentable energy. We tested thregt energy and nitrogen for rumen microbes.
dlets'dlfferlng |n'the amount of nitrogen onsequently, the PDIME (microbial pro-
supplied, due to differences in _the amount Ofgjp digested in the intestine when rumen
rumen-undegradable protein in the diet.  formentable energy is limiting) and the

PDIMN (microbial protein digested in the
intestine when rumen fermentable nitrogen
2. MATERIALS AND METHODS is limiting) are characterised separately. The
) . ) PDIE (protein digested in the intestine when
2.1. Animals and experimental design rumen fermentable energy is limiting) is the
sum of PDIME and PDIA, and the PDIN
Nine Holstein dairy cows, including (protein digested in the intestine when rumen
3 primiparous cows, were used in & 3 fermentable nitrogen is limiting) is the sum
3 Latin square design experiment. Theyf PDIMN and PDIA. The PDI system rec-
were housed in a free-stall barn excepbmmends similar supplies of PDIME and
during urine sampling. Three multiparousPDIMN to have a diet balanced for the micro-
cows were fitted with rumen cannulae (# 3 Cbial requirements of nitrogen. However, an
Bar Diamond Inc., Idaho, USA) accordingincrease in urea recycling can compensate
to the General Guidelines of the Counciffor the deficits in fermentable nitrogen of up
of the European Communities (1986,to 18 g PDIMN per unit of energy for lacta-
No: 86/609/CEE). The factor studied wagion (UFL) [18] with 1 UFL = 1700 kcal of
the amount of nitrogen in the diet (130, 1451et energy for lactation, as described by
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Vermorel [29]. Therefore, a systematic nitro-each period, the individual intake was
gen deficit of 10 g dPDI (i.e. PDIE — PDIN) recorded daily after the first week. The DM
was included in all treatments to optimise(48 h at 80 °C), crude protein (Kjedahl
urea recycling (Tab. 1). All diets were isoen-method), crude fibre (Weende method),
ergetic: 0.90 UFtkg~1 DM, corrected 2 N HCl-insoluble ash [25] and total ash
for feedstuff interactions as described bycontents (6 h at 550 °C) were determined
Vermorel et al. [30]. Table | presents thefor each feed, during each experimental
compositions and nutritional values of theperiod. Energy and PDI values were calcu-
three diets as well as the recovery rate dhated as described by Jarrige [11].
microbial nitrogen requirements calculated

with the recommendation of the PDI system.

Access to feed was monitored by elec- 2.3. Characterisation of the diets

tronic gates (SEFER, Neuville de Poitou,
France): each cow was fitted with a transpon- We checked that the diets were similarly
der providing access to a single gate. Fodigestible in the rumen by carrying out a

Table I. Composition and nutritional values of the diets.

Treatment (g CRg~1 DM) 130 145 160
DM of diets (gkg™d) 340 350 360
Composition of the diets (g1 DM)
Grass silage 430 400 380
Maize silage 310 280 270
Mixed meal (80% soybean, 20% rapeséed) 90 130 170
Cracked maize 170 180 170
Minerals’ 10 10 10
Concentrates (gg—1 DM) 260 310 340
Nutritional values (kgt DM)
CP (g) 130 147 163
PDIE3 (g) 100 114 125
PDIN3 (g) 89 104 117
PDIA* (g) 49 63 74
PDIME® (g) 51 51 51
PDIMNS® (g) 40 41 43
UFL® 0.89 0.90 0.90
NDF (g) 460 439 430
Ash (g) 74 72 72
Satisfying rate of microbial N requirements (%) 78 80 84

1 Mixed meal treated with formaldehyde.

2 Premix contained 6% P, 24% Ca, 1% Na, 5% Mg, 1% S, 0.38% Zn, 0.25% Mn, 0.1% Cu, 0.006% I, 0.003% Co
and 0.001% Se.

3PDIE, PDIN: proteins digestible in the intestine when rumen fermentable energy or nitrogen, respectively, are
limiting [28].

4 PDIA: rumen escape proteins digestible in the intestine [28].

5 PDIME, PDIMN: microbial protein digested in the intestine when rumen fermentable energy or nitrogen is
limiting [28].

8 UFL: net energy lactation corrected for feeding interaction as described by Vermorel et al. [30].

7 Satisfying rate calculated with the ratio between the supply of degradégté ROM by the three diets and the
supply supposed by the PDI system with a balanced diet [28].
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Figure 1.Rates of disappearance of organic matieaid crude proteirbj fractions of the three diets
in the nylon bag test.

study on cows fitted with rumen cannulaesoluble fraction was taken as the difference
This study included a trial using the nylonbetween the feed in the bag before incuba-
bag technique and the measurement of fetion and the result of washing in a machine
mentation parameters after feeding. for 2x 5 min in warm water (40 °C), called

“time 0". After washing, all the bags were

The nylon bag technique [16] was used t9 ;0 freeze-dried and the resulting pow-
measure the rate of dlsappearancg of or9aifer was weighed. We pooled all the residues
matter and CP from the various diets in they o5 ch diet, for each incubation time, for

rumen. We placed 4 g of each diet, madg,,vsis. Disappearances of CP and OM are

up from individual feedstuffs dried for
48 h at 60 °C and ground through a 1.5 m@?Lcklgst:ﬁdaI\jCS[;Jgr?aelgt[eld?]lf)y the model of

sieve, in a % 14 cm bag with a pore size of
50um (Blutex 120, Saati France, Sailly Sail- The rates of disappearance of the organic
lisel, France). Each diet was tested in a comatter and CP fractions of the diets were
fed the same diet. The bags were soaked 8imilar for all treatments at each incubation
water and then incubated in the rumen for 2jme (Fig. 1). Rumen degradation features
4,8, 12, 24 and 48 h (9 replicates each timejTab. 1) confirm that the supplying of
The animals were provided with access tanicrobial protein were similar between all
feed just after the bags had been put in placdiets for the three diets as PDI calculations
After the incubation, the bags were machinelet one suppose (Tab. I). The fractions a
washed, with two washes for 5 min each ifwater soluble) and b (potentially degrad-
cold water to eliminate the solid particlesable in the rumen) are very close for the OM
without supplementary solubilisation. Theon the one hand and for the CP on the other



Nitrogen utilisation by dairy cows 549

Table 1. Ruminal degradation for the three total mixed rations used, as suggested by @rskov and
McDonald [17].

Treatment (g CRg™1 DM) al b? c3 tD4
Disappearance of CP
130 37.4 65.9 2.3 55.7
145 37.1 58.1 3.6 58.9
160 36.8 63.1 2.7 56.4
Disappearance of OM
130 29.2 58.0 3.0 48.5
145 29.6 61.9 3.7 53.2
160 29.7 62.7 3.4 52.4

1 water soluble fraction (%).

2 potentially degradable fraction (%).
3 Fractional rate of degradation (%/h).
4 Theoretic degradability (%).

hand. So, the differences in the protein supprandial decreases in pH between time 0
ply between the diets were mainly due taand 1 hour were similar for the 3 treatments.
variable PDIA proportions. Mean rumen ammonia concentration was
similar for the 3 diets (Tab. Ill). At time O,

The fermentation of the diets was he concentration of Nftoncentration was

assessed by a kinetic study on rumen-ca

. , . lose to 4 mmal~1 It increased after feed-
nulated cows in a8 3 Latin square design, ing, reaching a peak two hours after access
as previously described for other varlablesto feed (14 to 16 mmal-Y). No significant
After adaptation, the rumen fluid was sam- . '

. S . . difference was observed between the
pleql a f'X.ed time interval after feeding, USING, e atments in total VFA concentration (NS
an 'nﬂfx't.;.lﬁ pfr_obe fed th;loqgh the [umen.l.ab I11). The differences were observed
cannula. The first rumen fluid sample wa Lo .

: : etween treatments in terms of the molar
ta_lken in the morning before access to fee ercentages of acetate and butyrate, but these
(time 0), and further samples were then take ifferences were small (less than 3 percent-

0.5,1, 2, 4, 6, and 8 h after feeding. The p .
1 ST . .t _age points between treatments on average)
value of the rumen fluid was determined jus nd changes in the VFA profiles were sim-

after sampling (Knick Portamess n° 751, ;
electrode Xerolyt Ingold n° M6-DXK llar for é”the diets. _ .
S7/25). The liquid phase was separated from Ruminal degradation of organic matter
the solid particles by centrifugation (4 0§0 and the crude protein fractions of the diets
20 min) and was immediately frozen. Thewere four]d to be similar for all three treat-
sample was later thawed and ammonia (ele€€nts. It is therefore reasonable to assume
trode 9512, ORION Res. Inc., Boston MA, that the main differences between the treat-
USA) and volatile fatty acid [12] concen- Mments were due to differences in the sup-
trations were determined. ply of rumen undegradable proteins.

For all the diets, the rumen pH values
generally remained over 6.0 during the 8 h 2.4. Apparent digestibility
after feeding (Tab. 1ll). The mean pH values
recorded with the diet containing 160 g The determination of the apparent
CPkg1 DM were lower than those recordeddigestibility of nitrogen required an esti-
for the other two dietsR(< 0.01). Post- mate of the amount of nitrogen excreted
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in the faeces. An internal marker was used to 2.6. Milk yield and composition
estimate the amount of DM excreted in the

faeces. Thonney et al. [21] and Block et al. Milk yield was recorded automatically for
[2] demonstrated that DM excretion is accueach individual cow at each milking (Isalait
rately assessed using an internal marker &ystem 2045, Boumatic, France). Milk sam-
2N acid-insoluble ash, determined asles were taken from 4 consecutive milkings
described by Van Keulen and Young [25].during week 3 of each period. The fat and
During the third week of each period, faecajyrotein contents of the milk were determined
samples were collected individually. Sam-or each sample by infra-red spectrometry
pling was carried out after two weeks ofgnalysis (MILKOSCAN, Fossomatic, DK).

feeding with the same diet, and it is thereforerhe total nitrogen content and the non-protein
reasonable to assume that the cows were fyrogen content [20] of milk samples were

a state of homeostasis. The.sanjples (500 ghtermined using the Kjeldahl method tak-
were taken from one defecation in the mornl-ng into account the yield of milk over a

24-h period. The urea concentration of the

diately frozen..They were then freeze-drieiggl]( was determined as described by Siest

ground (1.5 mm sieve) and the sub sampl
were pooled for the individual cows and
individual diets. 2.7. Urine

We also analysed the feed offered to and
left by each cow the day before and on the Total urine production was collected from
same days as faecal sampling. These samach cow over a period of 48 consecutive
ples were used to correct for potential feedhours at the end of week 3. All the cows were
selection by the cows, as described by Blochkttached in free-standing stalls by means of
et al. [12]. They were oven-dried (48 h atcollars to facilitate this process. Urine was
65 °C) and then treated in the same way asollected using probes (SIMS Portex Lim-
the faecal samples. ited, Kent, England, Ref 41-515-42) linked
We estimated the amount of dry matteft0 cans, each can containing 200 mL of 30%
excreted in the faeces by the cows as folsulphuric acid. The urine collected was
lows: weighed every 12 hours, and a sample was
DM faecal _insoluble ash intake (@) thenfrozen. The total nitrogen content of the
(kg DM-d3) “insoluble ash ces content urine samples_was determined _(Kleldahl
in faeces (&g~ DM) method) after filtration and the dilution of
n g the samples 1:20 with water. Urea concen-
The amounts of nitrogen in the faeces and iffation was determined in the samples diluted

the feed left by the cows were determined 250 [23].
from the pooled samples.

2.8. Data processing
2.5. Plasma urea concentration
Rumen digestion variables were analysed
Blood samples were taken on two condby analysis of variance (GLM procedure,
secutive days from the caudal vein of eacl®AS Inst., Inc., Cary, NC, USA) with the
cow, 4.5 hours after the cow was firstrepeated time option. The model used took
provided with access to feed. The plasmdnto account the fixed factor treatment and
was immediately isolated by centrifugationsampling time, and their interaction. The
(3000g, 10 min) and frozen. Plasma ureablock factor could therefore be ignored but
concentration was determined by colorimetnthe random cow factor was retained in the
(Kit UR 222, Randox, Montpellier, France). analysis. The covariance structure between
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the different sampling times was found to be  Since no difference was observed in the
auto-regressive after checking the criteria oflegradability of the three diets in the rumen,
Akaike and Schwarz-Bayesian [15]. and there was no difference in DM intake,

All data were averaged over the measurdhe differences in nitrogen intake presum-
ment week. A difference of one or two daysably resulted in a difference in the escape of
in the time at which the variables werethe proteins from the rumen.
recorded is acceptable since a state of home- Mean milk yield was not significantly

ostasis should have been reached by th's_t'maeﬁecte d by the treatment (Tab. V), although
The data were processed by analysis gfy absolute terms, the cows fed the 160 g
variance, using the GLM procedure of SA&:Pkg—l DM diet produced 2 kg more milk
(SAS Inst., Inc., Cary, NC, USA). The modelihan those fed the 130 g @gL DM diet.
used took into account the factors treatmentppjis is quite a large difference but it was not
period and block. The hierarchical factor covsignificant due to the high level of variability
by block, and the factors block and periothetween the cows. Milk protein content was
were randomised. significantly higher for the 160 g G~ DM
The variables analysed for the three treatreatment than for the 130 g &8~ DM
ments are presented as least squares medamsitment (Tab. IV). Protein yields were 880,
(i.e. adjusted for the effects of the other fac914 and 989 g for the three diets, in an
tors in the model) and were compared byscending order of crude protein content,
means of the Studentest. Significance was and the value of the 160 g g1 DM treat-
declared at P values less than 0.05 using tmeent was significantly higher than those
error of the sum of squares (type Il). of the other treatment® < 0.01). The fat
content of the milk was similar for all
treatments. Total fat yield (1233, 1289 and
3. RESULTS AND DISCUSSION 1402 gd-1respectively) increased with
crude protein content of the diet, with the
Daily DM (17.1, 17.6 and 18.6 kg DM) cows offered the 160 g @& diet giving
and energy (15.0, 15.5 and 16.3 UFL) intakea significantly higher fat yield than the cows
did not differ between the diets containingoffered the other dietd?(< 0.01). In this
130, 145 and 160 g GkgrL DM respectively, trial, milk protein content was not very high.
although the absolute figures obtained tendelllilk protein content is highly correlated
to increase with the CP content of the dietwith energy supply, so the low milk protein
Nitrogen intake varied significantip« 0.01), contents obtained may reflect the inability of
from 359 to 420 to 483-g/%, with increas- these three diets to meet the energy require-
ing dietary CP levels. ments (85% of energy requirements met).

Table IV. Milk yield and composition.

Treatment 130 145 160  Treatment effect Root MSE
(g CRkg™1 DM)

Milk yield (kg-d™Y 30.7 30.8 32.7 NS 2.7
Protein content (§g2) 289 2050 20@ <0.05 0.7

Fat content (&g 40.6 41.1 41.8 NS 1.8

Total nitrogen in milk (g™} 138 143 158 <0.01 10
Nitrogen in milk proteins (gl 1310 139 14 <0.01 g

Milk NPN (g-d=%) 7.8 7.9 9.4 <0.01 0.9

abcMeans with different superscripts in the same row are significantly diffé?en0(05).
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The amounts of nitrogen recovered in the The increase of CP content in the diet had
milk, in milk proteins and in the non- a great impact (a sharp increase) on the
protein fraction (NPN) of milk were similar amounts of nitrogen excreted into the envi-
for the 130 and 145 g GRy~1 DM treat- ronment via urineR < 0.01, Tab. V). Con-
ments (Tab. IV), and were significantly secutive levels of treatment differed by 30
lower for these two treatments than for theo 40 gd—L. The significant differences in
160 g CPkg~1 DM treatment P < 0.01). urinary nitrogen excretion were observed
The proportions of nitrogen ingested thatetween the three diets. Smaller differences
were recovered in the milk were 0.37, 0.33vere observed between the treatments for
and 0.32 for the three treatments, in ascendaecal nitrogen excretion (a difference of
ing order of crude protein content. A sig-22 gd1 at the most). The 160 g &g
nificantly higher proportion of nitrogen was DM treatment resulted in a higher level of
obtained in the milk for the 130 g &ig! nitrogen excretion in the faeces than did the
DM diet compared to the other two dietsother treatmentsR < 0.01). The total

(P < 0.01). The efficiency of utilisation of amounts of nitrogen excreted into the envi-
feed nitrogen for milk production observedronment were estimated to be 237, 270 and
was important and especially for the 130 ®30 gdfor the 130, 145 and 160 &ig!
CPkg™t DM treatment. These high levels DM diets respectivelyR < 0.01), corre-

of nitrogen secretion in the milk represent asponding to the proportions of 0.64, 0.63
great interest for decreasing nitrogen excreand 0.67 of ingested nitrogen, respectively
tion in the environment (faeces and urine)(NS). The nitrogen digestibility calculated
Many trials have recently studied the utili-with these results was similar for the 145
sation of feed nitrogen by dairy cows;and 160 g CRg~2 DM diets (0.71 and 0.70
the values observed are from 0.24 to 0.3@espectively) but significantly lower for the
of nitrogen ingested recovered in milk by130 g CFkg~2 DM diet (0.67,P < 0.01).
Castillo et al [4, 5]; from 0.29 to 0.33

by Fisher et a[10] and from 0.25t0 0.34 by ~ Previous studies of nitrogen distribution
Kebreab et a[13]. In these trials, the levels [8, 18, 26] have reported a tendency for the
of crude protein in the diets were betweerapparent digestibility of nitrogen to increase
12.3% DM and 19.0% but no indication ofwith dietary nitrogen level. Wright et al.
the energy supplies were available. So, it i§32], in a study on cows under restricted
difficult to explain the differences of utili- feeding conditions (-10 or —20%), also
sation with our results. The use of mixedreported significant variations. Spanghero
grass and maize silages could be an expland Kowalski [24], showed that in the
nation because the energetic density oflata of 14 trials, 94% of the deviation of
the diets was increased; this was not thdigestible nitrogen levels could be accounted
case for Castillo et aJ4, 5] and Kebreab for by the deviation of nitrogen intake. Thus,
et al. [13]. the amount of apparently digested nitrogen

Table V. Excretion of nitrogen into the environment.

Treatment 130 145 160 Treatment effect Root MSE
(g CRkg1DM)

Urinary nitrogen (g% 117 147 1853 <0.01 16
Faecal nitrogen (g 120° 12% 145 <0.01 15

ab.cMeans with different superscripts in the same row are significantly diffé?en0(05).
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increases with nitrogen intake. The differ-DM vs. 11 g at the most). With simulations,
ences in the amounts of nitrogen ingestethe model described by Kebreab et al. [14]
or apparently digested between the differshowed that energy availability has a major
ent diets were greater than the differences igffect on the amount of nitrogen excreted
the amounts of protein recovered in the milkin the urine. This effect is linearly related
This was shown by a decrease in the ratio ¢® an increase in the available energy.
nijcrogen in m_ilk proteins to ingested_nitrogen Overall, these results show that an
with increasing CP levels in the diet, con-ncrease in nitrogen intake results in a greater
firming the results of Castillo et al. [S], Dinn jncrease in urinary excretion than in faecal
et al. [8], Fisher et al. [10], Peyraud et aleycretion or secretion in the milk. These
[18], Van Vuuren et al. [26], Volden [31] ghservations were consistent with the con-
and Wright et al. [32]. Consequently, thec|ysions of Spanghero and Kowalski's
amount of nitrogen released in the uringeview [24] that 50% of the deviation of
increased with increasing CP supply. Theitrogen losses in the urine can be accounted
ratio of nitrogen excreted in the urine tofor by the deviation of digestible nitrogen
ingested nitrogen increases (from 0.35 tintake, whereas only 20% of the deviation is
0.46) with the degradability of the protein inaccounted for by nitrogen levels in the milk.
the concentrate [5]. When this ratio was caltn our trial, no significant difference was
culated in previous studies, it was foundobserved between the energy intakes for the
to increase with increasing CP levels: valuethree diets, however 1.3 UFL less was con-
from 0.31 to 0.39 were obtained by Dinnsumed by the cows offered the 130 gkgFt

et al. [8], from 0.18 to 0.30 by Peyraud et aldiet than those offered the 160 g-&@p?!
[18], and from 0.20 to 0.50 by Wright et al.diet and the ruminal degradation of the
[32]. These data are consistent with ouprganic matter was a little lower for this
results concerning urinary excretion, whichdiet (Fig. 1a). So, in spite of similar rumen
accounted for 0.32 to 0.37 of ingested nitroammonia concentrations, the hypothesis of
gen. Kebreab et dll4] developed a dynamic different ammonia absorptions cannot be
model of nitrogen metabolism. They showedotally ruled out to explain a part of the dif-
that urine nitrogen output has an exponentiderent urinary excretion.

response to increased levels of nitrogen pjasma urea concentrations ranged from
intake with a coefficient of determination 3 96 to 5.94 mmdlL-! (Tab. VI). These val-

of 0.79. Protein degradability seems to havges increased significantl € 0.01) with

a major impact on the urinary excretion ofthe dietary nitrogen level. Similar differ-
nitrogen. The lowest value (0.18) reportedences between the diets were observed for
by Peyraud et al. [18] was obtained with &he amounts of nitrogen present as urea in
larger deficit of ruminal fermentable nitro- milk or in urine. The additional nitrogen sup-
gen than that used here (17 g PDIM@t!  plied in the diets with high nitrogen levels

Table VI. Urea distribution between the different compartments.

Treatment 130 145 160 Treatment effect Root MSE
(g CRkg1DM)

Plasma urea (mmdi-%) 4.0 4.7 5.9 <0.01 0.0

Milk urea N (gd—3) 2.8 3.3 4.8 <0.01 0.6

Urine urea N (g™} 70.5 87.4 126.6 <0.01 17.3

ab.cMeans with different superscripts in the same row are significantly diffé?en0(05).
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was used less efficiently than the “basalfrom more efficient urea recycling in cows
nitrogen level supplied by a diet less rich infed low-nitrogen diets (73% of nitrogen
nitrogen. The lower utilisation efficiency requirements covered). Conversely, Dinn
was shown by the differences observed it al. [8] concluded that uraemia increases
the blood compartment. Indeed, plasma uredue to the surplus supply of proteins. In our
concentrations are an indication of bothtrial, in the case of the 130 g ®§1 DM
nitrogen absorption and nitrogen metabolisntreatment, the amount of nitrogen excreted
within the organism, and the pool of circu-as urea in the urine may be considered rep-
lating urea increased as the amount of CResentative of all urea losses, whether rumi-
increased in the diet. Our observations wereal or due to the “minimal” deamination of
consistent with those of Dinn et al. [8], amino acids in the liver to produce energy.
Peyraud et al. [18], Volden [31] and Wright The 145 and 160 g GR1 DM treatments

et al. [32]. There are three possible reasorled to additional losses of 17 and 59 g of
for this effect. Firstly, uraemia may resultnitrogen in the form of urea in the urine,
from a greater Nkiproduction and absorp- respectively, whereas differences in the
tion in the rumen in cows fed the diet withamounts of urea obtained in the milk were
the highest CP level, corresponding to a lossmall. The availabilities of rumen-degraded
of nitrogen in this case. This did not appeanitrogen and rumen-degraded energy were
likely in our trial, given that rumen ammo- deemed similar for all the treatments (urea
nia profiles were similar for the various recycling was limited). The increase of
diets. However, a small difference in organiacuraemia could be due in part to the addi-
matter ruminal degradation was observedtional deamination of amino acids to pro-
Its impact cannot be totally excluded even iduce added energy or the elimination of the
we consider this as minoBecondly, urea nitrogen surplus by detoxification, or both.
recycling efficiency may decrease as thé&he increase of urinary excretion of nitrogen
dietary nitrogen levels increase. Consideringould be related at least in part to uraemia as
the degradations of the organic matter anél-Dehneh et al. [1] indicated that 65% of
crude protein fractions of the diets, we carplasma urea is excreted in the urine. The
suggest that the micro-organisms were facedariations in urea concentration in milk and
with similar conditions in terms of the sat-urine were similar since the ratio of urine
isfaction of nitrogen and energy require-urea concentration to milk urea concentra-
ments. So, the level of urea recycling in oution in our trial was constant for the three
experimental conditions was probably sim-treatments (between 26 and 28, NS). So, the
ilar for the three treatments. A third possi-impact of an increase in urea excretion was
bility that may account for the differencesstronger in the urine than in the milk. Milk
in the pool of circulating urea concerns theurea is well known as an indicator of the
deamination of some of the amino acids, tgrotein-energy balance [3, 9] or as an indi-
compensate for the energy deficit withcator of the rumen-degradable protein bal-
respect to available nitrogen levels. Althoughance [22]. Urea excretion by this route
the extent to which the energy requirementaccounts for only a small proportion of all
were met in the three treatments were simiexcreted nitrogen. An additional deamina-
lar, this hypothesis remains feasible, becaus@n phenomenon would release energy,
the extent to which nitrogen requirementanmaking it possible to use some of the
were covered resulted in a nitrogen surplus iadditional nitrogen in the milk proteins. The
the case of the 145 g &1 DM diet 160 g CPkg~! DM treatment involved a
(117%) and the 160 g GRy~1 DM diet  supplementary intake of 0.8 UFL! and
(128%). In addition, the liver may play athe supplementary valorisation of the nitro-
role, detoxifying the excess nitrogen for thegen in milk of about 15.gL This release of
organism. According to Peyraud et al. [18],supplementary energy did not account for
low plasma urea concentrations may resulthe differences in the yield and composition
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of the milk. This observation is consistent4]
with the notion that some amino acids were
deaminated to produce energy.

[5]
5. CONCLUSIONS

In the context of a deficit of fermentable
nitrogen in a total mixed ration, the 160 g[6]
CPkg1 DM diet resulted in the release of
larger amounts of nitrogen in the milk, but
also into the environment. The proportion
of nitrogen ingested and present in the milk
was higher for the 130 g G DM treat-
ment. However, the lowest protein concenl’]
tration treatment result in a lower protein
yield in milk, with a marked difference in
milk yield. High milk and protein yields
seem to be associated with high crude pro-
tein level in the diet and high levels of nitro-(8]
gen excretion into the environment.

The diets studied did not meet the total
energy requirements. The available datfg
suggest that there could be an increase n]
amino acid deamination to supply additional
energy to the organism. Supplying various
amounts of energy at a given nitrogen levell0]
could be an effective way of demonstrating
the role of this factor in the distribution of
digested nitrogen in milk proteins, milk NPN
and urine. The maintenance of nitrogen utilf11]

isation efficiency should also be considered.
[12]
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