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Lactational responses of grazing dairy cows
to rumen-protected methionine

H Rulquin”, L Delaby

Station de recherches sur la vache laitiére, Centre de recherches Inra de Rennes,
35590 Saint-Gilles, France

(Received 9 April 1997; accepted 14 May 1997)

Summary — Two groups of 18 Prim’Holstein cows grazed on a rye-grass meadow during the sec-
ond and third cycles according to a strip grazing system, at a grass regrowth age of about 1 month.
During each cycle, the cows were administered either 0 or 13 g/day rumen-protected methionine
according to a reverse design. The response to the methionine supplementation was the same in both
cycles. The methionine supplementation reduced milk yield slightly but significantly (26.0 vs 26.5 kg)
and increased the milk protein content (31.4 vs 30.6 g/kg). Milk fat content, fat and protein yields were
not significantly modified. A rumen-protected methionine supplementation significantly increased
plasma methionine concentration by 27%. Based on the fact that milk protein yield was unchanged,
it was concluded that methionine is not the most limiting amino acid at grazing.

milk composition / pasture / rumen-protected methionine / dairy cow

Résumé — Effets de ’apport de méthionine protégée sur les performances des vaches laitieres
au paturage. Deux lots de 18 vaches de race Prim’Holstein (neuf multipares, neuf primipares) ont
paturé une prairie de ray-grass Anglais durant le deuxieme et le troisieéme cycle selon la technique du
péturage rationné avec un 4ge des repousses d’environ 1 mois. Le chargement était respectivement
de 6 et 5 vaches/hectare durant les deuxieme et troisiéme cycles. L’apport de concentré s’est effec-
tué individuellement a raison de 1 kg d’aliment par tranche de 3 kg de lait au-dessus de 20 kg lait pour
les multipares et 17 kg pour les primipares avec un maximum de 5 kg et un minimum de 1 kg. Durant
chaque cycle les vaches ont recu 0 ou 13 g/jour de méthionine protégée selon un schéma en inversion
avec des périodes de 14 j. Les teneurs de I’herbe en MAT, matiére organique, et en acides aminés n’ont
pas varié entre les deux cycles, celles d’ADF et de NDF ont légerement augmenté. La quantité
d’herbe offerte était de 17,5 et 21,2 kg MS/vache/jour durant les deux cycles respectivement. En
complément les vaches ont ingéré 3,4 kg MS d’aliment concentré. La réponse a I’apport de méthio-
nine a été la méme durant les deux cycles. L’apport de méthionine a Iégeérement mais significative-
ment diminué la production de lait (26,0 vs 26,5 kg) et augmenté le taux protéique du lait (31,4 vs
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30,6 g/kg). Le taux butyreux, la production de matieres grasses, de protéines n’ont pas significativement
été modifiés. L apport de méthionine protégée a significativement accru de 27 % la concentration de
méthionine dans le plasma. Sur la base de la production de protéine qui n’a pas été modifiée, il est
conclu que la méthionine n’est pas I’acide aminé le plus limitant au paturage.

composition du lait / paturage / méthionine protégée / vache laitiére

INTRODUCTION

As a supplement to winter diets based on
maize silage and soybean meal, rumen-pro-
tected methionine increases the milk pro-
tein content by 1 or 2 g/kg (Rulquin and
Delaby, 1994). The effect of methionine and
lysine supplementation appears to be lower
when it is associated with grass silage- or
hay-based diets (Le Henaff et al, 1990).
However, the small number of trials carried
out with that type of diets (Girdler et al,
1988a ,b) precludes extending those results
to grass-based diets and even less to grazing
because only one trial has been performed
under such conditions (Brunschwig et al,
1995). In Europe, the grazing period is espe-
cially important because it can be as long
as 6 to 8 months. Using well-protected
methionine, we therefore set out to verify
whether methionine supplementation was
optimal under grazing conditions.

MATERIALS AND METHODS

Sward

The rye-grass swards (Lolium perenne) were pre-
pared for grazing with 50 to 60 kg/N/ha/cycie
nitrogen fertilization. During the first cycle, these
swards were grazed during the month of April.
From the second cycle, these swards were grazed
by an experimental 36-head herd according to
the strip grazing system, with a grass regrowth
age of about I month (25-30 days). The stocking
rate was six cows/ha during the second cycle and
five cows/ha during the third cycle.

Animals

Two groups of 18 Prim’Holstein cows (nine
primiparous and nine multiparous) as similar as
possible were formed in late April with consid-
eration of their performance in the previous
weeks (13-26 April). Standard criteria were used:
milk yield and composition, lactation number,
lactation stage, live weight. At the beginning of
the trial, the cows were on their 166th lactation
day on average, were producing 30.5 kg/day milk
(£ 6.7 kg/day) and weighed 615 kg (= 60 kg).
Both groups were given the rumen-protected
methionine during the second and third cycles,
according to a reverse design with 14-day peri-
ods, ie, approximately one reversal per cycle.

Supplementation

Concentrate supplementation (table I) was per-
formed individually with 1 kg feed per 3 kg milk
above 20 kg milk yield (pre-experimental refer-
ence) with ceiling and threshold levels of 5 kg
and 1 kg, respectively. This amount was kept
constant throughout the trial. The supplementa-
tion threshold was set at 17 kg milk for primi-
parous cows. Mineral complement was system-
atically added by giving 500 g of a mineral
concentrate (table I). Feed concentrates were
given in individual troughs fitted with electronic
gates. The animals had free access to the troughs
after each milking.

The experimental treatment consisted in pro-
viding O or 13 g/day protected methionine (Smar-
tamine M Rhéne-Poulenc Animal Nutrition,
Commentry, France), mixed with the other con-
centrates.

Measurements

Milk yield was recorded daily. The milk fat and
protein contents were determined by infrared
analysis (Milkoscan, Foss Electric, Hillergd,
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Table 1. Composition (% DM) and nutritive values of concentrates.

Concentrate Minerals
Wheat 235 9.6
Maize grain 24.1 -
Barley 16.0 -
Fine wheat bran - 24.1
Maize gluten feed - 20.7
Soybean meal 48 - 39
Formaldehyde treated soybean meal 48! 30.5 -
Sugar beet molasses 1.8 8.5
Tallow 0.8 -
Minerals salts? 3.2 333
UFL (g/’kg DM) 1.14 0.72
PDIE (g/kg DM) 188 72
PDIN (g/kg DM) 179 84
LysDI (%PDIE)? 6.69 6.52
MetDI (%PDIE)? 1.63 1.84

'Treated with 2% of formaldehyde on a raw matter basis.

2Supplying 10% P, 15% Ca, 7% Mg micro-minerals and vitamins.
3 Intestinal digestible content of Lys and Met calculated according to Rulquin et al (1993).

Denmark) of 10 consecutive milkings per week.
Live weight was measured once a week. On the
Thursday of the second week of each period,
10 mL blood were sampled from the caudal vein
with a heparinized syringe. That sample was
taken for plasma free amino acid analysis accord-
ing to the method described by Pisulewski et al
(1996).

Individual concentrate intake amounts were
measured daily. A sample was collected every
week for dry matter determination. That sample
was preserved so as to compose a mean sample of
the whole trial for standard chemical analyses.

Biomass (motor scythe; 6 bands of
10 m x 0.5 m per hectare) and grass height
(automatic rising plate meter (Urban and Cau-
dal, 1990)) measurements were performed and
grass samples were taken weekly on the part not
yet grazed of the current sward. The height of
the grass available was determined from 150
measurements/ha performed always following
the same pattern, on the same day and over the
same area as the biomass measurements.

Before pick-up, a grass sample was taken
from each scything band and collected so as to
obtain a 1-kg sample for dry matter determina-
tion; that sample was preserved and collected
with others for standard chemical analyses; a 2-
kg sample was frozen immediately after pick-up
for amino acid analysis.

Sample analysis

Organic matter (OM) was determined by ashing
for 5 h at 550°C. The nitrogen content was
obtained by the Kjeldhal method. The NDF and
ADF contents were measured according to the
method of Van Soest and Wine (1967) on a Fib-
ertec M extraction unit (Tecator, Denmark) as
described by Giger and Pochet (1987). Cellulase
digestibility was determined according to Aufrere
and Demarquilly (1989). The amino acid con-
tent of plasma and grass was determined as
described by Pisulewski et al (1996).
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Table IL. Characteristics of grass at the entry in the paddock during the two grazing cycles.

Cycle 2 Cycle 3
Number of samples 4 4
Age of regrowth (day) 28+3.8 26+2.8
Height (cm) 156%0.3 147 +4.0
Biomass (kg DM/ha) 2954 £ 454 2997 £ 993
OM (%DM) 89.1+£8.5 90.2+11.5
CP (% DM) 199+0.3 19.4+3.9
NDF (% DM) 48.4+29 522+1.2
ADF (% DM) 254+2.1 27.5£0.8
OM digestibility (%) ! 80.9 2.1 75.0%x2.0
Amino acids (g/16N)
Thr 5.23 5.21
Val 6.53 6.31
Met 1.81 1.78
Tle 5.10 4.92
Leu 8.83 8.65
Phe 5.45 5.33
His 1.82 1.86
Lys 4.29 4.51
Arg 5.61 5.58
Asp 10.74 10.60
Ser 4.59 4.71
Glu 12.09 11.71
Pro 5.74 5.64
Gly 5.71 5.64
Ala 7.13 7.06
Cys 1.25 1.26
Tyr 3.60 3.39
Area (m%/cow/day) 60.1+7.4 74.6+17.1
Stocking rate (cows/ha) 6.00 4.95
DM offered (kg/cow/day) 17.5+1.2 212247

LOM digestibility = 0.72 x cellulase digestibility + 23.36 (Aufrére and Demarquilly, 1989).

Statistical analysis where A, = animal effect (i = 1 to 36), P; = period
Data were analyzed according to a split-plot et‘t~ect (=1 to 2) within cycle, M, = methionine
design using the following model: effect (k = 1 to 2), C) = cycle effect (1= 1 to 2),

] €, = error term. All data were analyzed using the
Yij = mean + Aj+ G+ P (C) + M + MUFC + ey LM procedure of SAS (1987).
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Table III. Lactational responses to rumen-protected Met at grazing.

Control Rumen-protected Met RSD
Milk yield (kg) 26.5 26.0 *¥* 1.06
4% FMC (kg) 254 25.1 1.16
Fat yield (g) 991 983 56.6
Protein yield (g) 803 809 31.5
Milk fat content (g/kg) 37.6 38.0 1.56
Milk true protein content (g/kg) 30.6 31.4%* 0.59
Body weight (kg) 607 607 10.1
Concentrate intake (kg DM) 34 34 0.14

** Statistical significance P < 0.01

RESULTS AND DISCUSSION

Grazing conditions

Grazing went on under good dietary condi-
tions throughout the trial. Indeed, the animals
ate 28- and 26-day-old grass,.15.6 to 14.7 cm
high, during both cycles (table II). These val-
ues matched the optimal regrowth parame-
ters for rye-grass use (Peyraud et al, 1996).

The biomass available per hectare over
the two cycles (2954 and 2997 tonnes/ha)
were practically identical (table II) and
widely sufficient for the animal’s produc-
tion level (Delaby et al, 1996). Indeed, con-
sidering the stocking rate chosen, the biomass
available per cow was between 17.5 and
21.2 kg DM/cow/day during the second and
third cycles (table II). The biomass avail-
able during the third cycle was increased to
take account of previous refusal left-overs.

The organic matter and CP content were
the same between the two cycles (table II).
The 19% CP content was consistent with
the values commonly obtained with the fer-
tilization level (N/ha) currently applied in
Britanny (Peyraud et al, 1996). The ADF
and NDF contents slightly increased
between the two cycles (table II). This was
mainly due to the presence of more refusals
from previous grazing, therefore of older
grass, in the grass available during the third

cycle. The amino acid composition did not
vary between the two cycles.

Effects of rumen-protected methionine
supplementation on dairy performance

The responses to protected methionine sup-
plementation did not significantly differ
between the two cycles and only the mean
responses of both cycles are discussed.

Supplementation of protected methion-
ine induced a slight but significant decrease
(-0.5 kg/day; P <0.01) in milk yield (table
III). That was accompanied by a non-sig-
nificant increase in milk fat content
(+0.4 g/kg) and protein content (+0.8 g/kg),
of which only the latter was statistically sig-
nificant (table III). This increase was mainly
due to the reduction in milk yield because
the protected methionine added had no effect
on fat and protein yields. Methionine sup-
plementation had no effect on the concen-
trate intake amounts and on the animals’
live weight (table III). These responses were
similar to those obtained by Brunschwig et
al (1995) with cows grazing rye-grass and
white clover. These authors recorded a
decrease in milk yield of 0.6 kg/day and an
increase in protein content of 0.7 g/kg as a
response to 12 g protected methionine sup-
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plementation. More research is needed to
explain the decrease of milk yield.

In the blood, protected methionine sup-
plementation significantly increased the
plasma methionine level by 27% (0.30 vs
0.38 mg/100 mL; P < 0.05), which demon-
strated the effectiveness of the protection
used. Other amino acids, by contrast, were
not significantly affected.

Nutritional balance estimates

In pasture, as well as with grass-based diets,
the protein yield response to protected
methionine supplementation was lower than
classically observed with maize silage (25 to
40 g/day) (Rulquin, 1992). The nutritional
balances worked-up with hay or grass silage-
based diets permit proposing hypotheses to
explains these differences: lower energy
level, presence of other limiting amino acids
(Le Henaff, 1991).

The main difficulty in establishing such
balances at grazing is to secure the proper
estimate of the amount and quality of the
grass ingested. It is possible to compute the
amount of grass intake when the grass is
abundant and of good quality, by assuming
that the total amount of energy supplied cov-
ers the animal’s energy requirements. To
take the additional energy expenditure linked
to grazing into account, the maintenance
requirements were increased by 20% (Inra,
1987). The nutritional value of grass was
computed from standard chemical analyses,
determination of organic matter digestibility
{(dMO) and theoretical degradability in the
rumen (Andrieu and Demarquilly, 1987).
During the third cycle, to take the differ-
ences between the grass available and the
grass intake into account (presence of left-
overs from previous grazing), the dMO was
corrected according to the formula proposed
by Peyraud et al (1992).

All these computations led to estimated
grass intake amounts of 14.0 kg DM in both

groups. This value was much lower than the
amounts available (19 kg DM). It was close
to that calculated (14.6 kg DM) with the
equation published by Peyraud et al (1995):

DM intake = -36.4 + 0.266 milk yield
+ 0.86 body weight +0.46 offered grass vol-
ume (m3/cow/day) + 0.29 grass height at
entrance (cm) + 0.39 cellulase digestibility (%).

With such a intake, 120% of the PDI require-
ments would be covered. By comparison with
winter diets, that PDI level was highly suffi-
cient to permit clear expression of the
responses to limiting amino acid supple-
mentation (Rulquin et al, 1994). The intesti-
nal contents of digestible Lys and Met (LysDI
and MetDI) calculated from food analysis
according to Rulquin et al (1993) were 6.86
and 1.85% in the control group and 6.83 and
2.18% in the supplemented group, respec-
tively. According to the formulas proposed by
Rulquin et al (1993), the increase in MetDI
should have increased protein yield by 26 g
and the protein content by 0.7 g/kg. The
recorded protein content response was the
same as calculated, but protein yield response
was 4.3-fold lower than expected. The LysDI
concentration did not appear to be the cause
for the lowest response recorded. Indeed, that
concentration was similar to that observed
with maize-based diets, where methionine
supplementation increases milk protein yield
2.5 g for each additional gram of absorbable
methionine (Rulquin and Delaby, 1994).

It may be that with grass the levels of
response to protected methionine supple-
mentation are limited by the existence of
another ‘limiting’ amino acid, which could
be leucine. Indeed in pasture, LeuDI con-
centrations (Rulquin, unpublished) are lower
than with maize-based diets (8.46 vs 9.50%)
and above all they are lower than the optimal
concentrations, which should be between
8.8 and 11.1% (Rulquin, unpublished). The
hypothesis of another limiting amino acid
was partially confirmed by the increases in
yield obtained by Delaby et al (1996) under
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similar grazing conditions with protected
soybean meal supplementation.

CONCLUSION

Under grazing conditions, performance
(quantity and quality) of high producing
dairy cows have previously been improved
by by-pass protein supplements (Delaby et
al, 1996). Considering the calculated intesti-
nal fluxes of each amino acid, methionine
was supposed to cause that improvement.
However, this trial has shown that methio-
nine appears not to be the first limiting
amino acid in these conditions.
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