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Effect of concentrate type and distribution method
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Summary - Twenty-one Holstein dairy cows in mid lactation were included in a 3 x 3 Latin square
design study over three successive 4-week periods. Throughout the trial, the animals were fed an isoen-
ergetic diet composed of 55% grass silage and 45% concentrate. Silage was offered twice a day
(9:00 and 16:00). In the first treatment (GW) the concentrate was ground wheat given in two meals s
per day 1 h before silage distribution. In the second treatment (RW), the concentrate was rolled
wheat given three times a day 2 h after silage distribution. In the third treatment (PHM), the concentrate
was a mixture of beet pulp (40%), soybean hulls (40°!0) and maize (20%) given under the same con-
ditions as treatment RW. Milk yield was higher (+ 2 kg/day) for PHM treatment than for the GW and
RW treatments (P < 0.01). In the PHM treatment milk contained more fat (+2 g/kg, P < 0.01) and less
protein (-1.7 g/kg, P < 0.01) than in the GW and RW treatments. These results were associated with
changes in rumen fluid parameters (higher pH and higher proportions of acetic acid for PHM treat-
ment). There was little difference between the GW and RW treatment groups, probably because of
slower intake and marked concentrate refusal in the GW group, which may have affected the effects
of that treatment on rumen fermentation.
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Résumé - Effet de la nature et des modalités de distribution du concentré sur le taux buty-
reux du lait. Vingt et une vaches Holstein en pleine lactation ont été utilisées dans un schéma en carré
latin 3 x 3 avec trois périodes successives de 4 semaines. Durant tout l’essai, les animaux ont reçu une
ration isoénergétique constituée de 55 % d’ensilage d’herbe et de 45 % de concentré. Dans le premier
traitement (GW), le concentré était du blé broyé distribué en deux repas par jour, 1 h avant la distri-

* Correspondence and reprints
Tel: (33) 04 73 98 13 44; fax: (33) 04 73 98 13 80; e-mail: agabriel@gentiane.enitac.fr



bution de l’ensilage. Dans le deuxième traitement (RW), le concentré était du blé aplati, distribué en
trois repas par jour, 2 h après la distribution d’ensilage. Dans le 3e traitement (PHM) le concentré était
un mélange de pulpes de betteraves (40 %), de coques de soja (40 %) et de maïs (20 %) distribué dans
les mêmes conditions que le traitement RW. Les animaux du traitement PHM ont produit 2 kg/jour
de lait de plus que ceux des traitements GW et RW (p < 0,01 Leur lait a été plus riche en matières
grasses (+ 2 g/kg, p < 0,01 ) et moins riche en protéines (- 1,7 g/kg, p < 0,01 ). Ces résultats sont à mettre
en relation avec un pH et une proportion d’acide acétique dans le jus du rumen supérieurs avec le trai-
tement PHM. Les différences entre les lots GW et RW ont été faibles, vraisemblabement en raison
d’une ingestion moins rapide et de refus importants du concentré dans le lot GW qui ont pu limiter
les effets de ce traitement sur les fermentations dans le rumen.
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INTRODUCTION

A number of factors may affect milk fat con-

tent, especially dietary factors linked to the
type of forage and to the proportion of con-
centrate in the diet (Journet and Chilliard,
1985; Sutton, 1989; Hoden and Coulon,
1991). When the proportion of concentrate
is high, the concentrate type and distribu-
tion methods (mixed with forage, number
of meals, presentation) may play a consid-
erable role (Gibson, 1984; Sutton et al, 1985;
Grant et al, 1990; Aaes, 1993), although
opposite results have been published (Yang
and Varga, 1989; McLeod et al, 1994). Most
of these studies, however, were conducted
under extreme conditions (very high pro-
portion of concentrate in the diet, totally
ground diet) hardly reflecting the feeding
practices routinely applied in France. Obser-
vations at the farm level, however, suggested
that concentrate presentation and feed dis-
tribution sequence could be associated with

significant changes in milk fat content
(Coulon et al, 1994). Recent trials on the
effect of concentrate presentation (Coulon
and Agabriel, 1995), feeding sequence
(Chassaing et al, 1996), type of concentrate
and number of meals (Jackson et al, 1991;
Agnew et al, 1996) have not confirmed these
observations. It is possible that these prac-
tices are effective only when combined
together. The aim of this study was to test
that hypothesis by comparing the effect of
associating several dietary factors under
realistic feeding conditions, such as the num-

ber of feeds and the order in which they
were distributed, and the type and process-
ing form of the concentrates.

MATERIALS AND METHODS

Experimental design and feeding

Twenty-one Holstein dairy cows (five primi-
parous and 16 multiparous) in their decreasing
lactation phase (85th lactation day at the begin-
ning of the experiment, on average) were used
in a 3 x 3 Latin square experimental design, with
seven cows in each cell of the Latin square. They
were managed in loose housing with boxes and
troughs fitted with electronically controlled gates
for individual rationing. Cows were milked at
7:00 and 17:00 in the milking pen. At the begin-
ning of lactation, all the cows were given ad libi-
tum a complete diet based on grass silage. Dur-
ing a 2-week pre-experimental period, the cows
were given a diet composed of 10 kg DM/day
of second cycle cocksfoot silage mixed with 4.5
kg/day ground wheat and 4.5 kg/day pelleted
concentrate composed of 40% beet pulp, 40%
soybean hulls and 20% ground maize, in two
meals per day.

The trial started on 1 I March 1996 and
unfolded over three 4-week periods. Three groups
of seven cows each were formed according to
the date of calving, parity, and milk yield per-
formances recorded during the pre-experimen-
tal period. In the first treatment (GW), the con-
centrate was ground wheat given in two equal
meals 1 h before silage distribution (8:00 and
15:00). In the second treatment (RW), the con-
centrate was rolled wheat distributed as three

equal meals (1 I:00, 15:00 and 18:00); the first
and third of these meals were given 2 h after



silage distribution. In the third treatment (PHM),
the concentrate was pelleted and composed of
40% beet pulp, 40% soybean hulls and 20%
ground maize. The distribution was as in the RW
treatment group. Maize incorporation in that mix-
ture maintained a relatively high energy value
(1.06 UFL/kg DM) while sustaining a degrada-
tion rate in the rumen twice as low as that
obtained with wheat (table I). Silage was given in
two meals to all treatment groups (9:00 and
16:00). The silage (55% of total DM in the diet)
and concentrate (45% of total DM in the diet)
amounts were given in a controlled and restricted
manner. They were set for the whole duration of
the trial and adapted so as to cover 95% of each
animal’s maintenance and production require-
ments throughout the pre-experimental period.
The animals’ nitrogen requirements were always
met. Practically, for the GW and RW treatment
groups and for a milk yield of 30 kg/day, the
amounts of silage and concentrate given were
10.5 kg DM/day and 9.5 kg/day, respectively.
In the PHM treatment group, these amounts were
11 kg DM/day and 10 kg/day, respectively, to
take into account the lower energy value of the
concentrate. The cows were maintained at the

trough for 30 min after concentrate distribution
when it was given before silage and for 2.5 h in
the morning and 2 h in the evening after grass
distribution. They only had access to drinking
water once freed. Throughout the duration of the
trial, the cows were given 250 kg/day mineral
supplement (type 7P-21 Ca in the GW and RW
treatment groups and type 14P-l6Ca in the PHM
group). Treatment changeovers between experi-
mental periods were sudden, occurring in a sin-
gle day.

Measurements

Milk yield was measured individually at each
milking. For each animal, milk fat, protein and
lactose contents, together with somatic cell count,
were measured at each milking, for 4 days of
each of the last 2 weeks of each period and 2
days each week from a mixed sample of two
daily milkings the other weeks. The animals were
weighed in the first and last week of each experi-
mental period. Their body condition score was
assessed by handling at the beginning and end
of the experiment, according to the notation scale
(1-5) proposed by Bazin (1985). During the last
week of each period, rumen fluid was sampled by
abdominal puncture between 14:00 and 15:00.

The pH was directly measured and a sample was
made up and frozen for volatile fatty acid (VFA)
composition analysis (Jouany, 1982). The
amounts of silage and concentrate ingested were
measured individually every day. The DM mat-
ter content of feeds was measured four times a
week in silage and once a week for each con-
centrate, by oven-drying. In the PHM and RW
treatment groups, the amount of silage eaten
before each concentrate distribution was mea-
sured once during the third and fourth week of
each period. One day during the same weeks,
each animal’s feeding behaviour was monitored
between 8:00 and 12:00 and between 15:00 and
19:00 by recording their activity every 5 min
(forage and/or concentrate intake).

The crude fibre (Weende method), crude pro-
tein (Kjeldahl technique) and organic matter con-
tents were analysed once in each period for silage
and once during the whole trial duration for con-
centrates. The quality of silage preservation (pH,
VFA, soluble nitrogen, ammoniacal nitrogen,
alcohol) was assessed once in each experimental
period according to Dulphy and Demarquilly
(1981). Particle size distribution was measured
once in the ground wheat and in the rolled wheat.
For RW, 96 and 18% of the particles were larger
than I and 4 mm, respectively. Corresponding
values for the GW were 40 and 0%. The char-
acteristics of the feeds are shown in table I.

Energy and nitrogen balances were computed
from the differences between nutritional supplies
and the animals’ requirements according to Inra
recommendations (Andrieu and Demarquilly,
1987; Vermorel, 1989; V6rit6 and Peyraud,
1989). Milk energy was computed from the fat,
protein and lactose contents according to the
Sjaunja formula (1989).

The effect of the experimental treatments on
the variables studied was processed by analysis
of variance (SAS, 1987) from the measurements
performed in the last two weeks of each experi-
mental period (except for rumen fluid charac-
teristics, which were available only in the last
week). The factors introduced in the analysis
were the treatment, the period and the animal.
One cow was excluded from data processing
because it became ill (foreign body).

RESULTS

At the beginning of the experiment, the ani-
mals’ mean live weight was 652 kg and their



body condition score was 2.3. During the
trial, their live weight remained almost
unchanged (+2 kg on average) and the body
score increased slightly (+0.4). Over the
course of the trial, five cows suffered from
mastitis but there were no real repercussions
on their milk yield. One cow presented a
pulmonary disorder. No acidosis was
recorded.

Feed intake

Energy supplied to the cows was lower than
designed in the protocol because of an over-
estimation of the grass silage energy value
used when preparing the diet, so that the
animals were in negative energy balance
under the three treatments (table II). Energy
supply was slightly lower in the GW treat-
ment because of a slightly lower concen-
trate intake. Under that treatment, three cows

significantly refused concentrate (in excess
of 2 kg/day). It was also under that treat-

ment that the duration of concentrate intake
was the longest (twice as long as under PHM
treatment where larger quantities were
offered), even for cows that did not refuse
much. When the cows were given the con-
centrate in three meals a day (RW and PHM
treatments), the amount of silage eaten dur-
ing the 2 h preceding the first concentrate
distribution was high, 4.4 and 5.1 kg DM
for RW and PHM treatments, respectively,
ie, about half of the total daily intake of
silage.

Milk yield and composition

Milk yield and fat content were significantly
higher (+2.0 kg/day and +2.1 g/kg, respec-
tively, P < 0.01) for the PHM treatment than
for the GW and RW treatments (table II).
In contrast, protein content was lower for
the PHM treatment than for the GW and
RW treatments (-1.6 g/kg, P < 0,01), With
the same type of concentrate (GW and RW



treatments), distribution practices slightly
altered the fat content (+0.9 g/kg in favour of
RW treatment, P > 0.05) and the protein
content (+0.7 g/kg in favour of the RW treat-
ment, P < 0.05). When restricting the ana-
lysis to the 17 cows that refused less than
2 kg/day concentrate under GW treatment,
the difference in fat content between the
GW and RW treatments increased (+1.8
g/kg in favour of the RW treatment,

P < 0.05), whereas the difference in protein
content disappeared (+0.3 g/kg in favour of
the RW treatment, P > 0.05). In the cows
under RW and PHM treatments, individual
fat content variability was not linked to
silage intake before concentrate distribu-
tion. The amounts of protein produced were
the same in all three treatments, whereas fat
amounts were higher under PHM treatment
(+137 g/day, ie, +13% relative to GW and



RW treatments, P < 0.01 ). The lactose con-
tent was slightly but significantly higher in
the PHM than in the RW treatment

(+0.7 g/kg, P < 0.05).

Rumen fluid characteristics

The rumen fluid pH was significantly higher
under PHM treatment (6.36) than under the
GW (6.08) and RW (6.17) treatments (table
II). The acetic acid (C2) proportion was sig-
nificantly lower (P < 0.01 ) under the GW
treatment than under the RW or PHM treat-

ments, whereas the propionic acid (C3) and
butyric acid (C4) contents were slightly
higher, although not significantly so. The
fat content increased in parallel with the
rumen juice pH and the (C2+C4)/C3 ratio
(P < 0.01 However, taken together, these
two variables only accounted for 23% of
the fat content variability.

Animal performance changes induced
by feeding transition

The intake of silage and concentrate, on the
day of diet changeover, did not vary from
GW to RW treatment but increased between
RW and PHM treatments and decreased
between PHM and GW treatments, as

expected in the protocol. Three days after
changing the diet, a marked decrease in con-
centrate intake (-2 kg DM/day) occurred in
the cows that changed to the GW treatment.
All animals on this treatment exhibited a
lower concentrate intake, but its extent var-
ied in intensity and duration: four cows
refused large amounts (> 4 kg/day for 10 0
days) and three almost maintained the intake
previous to the change in diet. The effect of
diet changeover on milk yield occurred
quickly with the transition involving the
PHM treatment: milk decreased on the first

day of diet change when changing from
PHM to GW. When changing from RW to

PHM, the milk yield increase was spread
over 3 days.

DISCUSSION

The experimental design of this trial made it
possible to compare: a) the association of
different feeding practices known to favour
fat content (number of meals, feed distribu-
tion sequence, presentation of the concen-
trate) with the same type of concentrate
(GW/RW comparison); and b) the effect of
the composition of concentrate distributed
under the most favourable conditions for
milk fat content (RW/PHM comparison).
As described in the protocol, these compari-
sons were made with the same level of nutri-
tional supplies and the same proportion of
concentrate in the diet (45%). ).

Under these conditions, significant per-
formance changes were noted, although they
were moderate, in particular for fat content.
In the treatment which was thought to be
the most unfavourable (GW), with 30% of
rapidly degradable starch, fat content
remained high, close to 40 g/kg. It was there-
fore logical that the RW and PHM treat-
ments had relatively little effect on fat con-
tent. Indeed, the effects of feeding methods
were only important when applied to a diet
which induced very low fat contents (Gib-
son, 1984; Robinson, 1989). This trial
showed that, with grass-based diets, incor-
porating 40 to 50% cereal-based concen-
trate did not induce any sharp drop in fat
content, even in the absence of any special
precautions in its distribution. This con-
firmed the results of Jackson et al ( 1991 )
and Coulon and Agabriel (1995). It is likely,
however, that the deleterious effect expected
from the GW treatment was partially inhi-
bited by the slow intake rate of the concen-
trate in the cows subjected to the GW treat-
ment and the high levels of refusal by some
of those cows, as demonstrated by the results
obtained when those cows were excluded
from the analysis. It is also possible that the



negative energy balance observed in this
treatment contributed to the maintenance of
a high milk fat content due to a higher body
lipid mobilisation (Journet and Chilliard,
1985). The fact that refusals were only
observed after the third day of animals being
introduced to the GW treatment suggests
that refusals might be the result of rejection
due to rumen dysfunction rather than palata-
bility. The decrease in concentrate intake
rate could then be considered as an animal

adaptation to restrict the drop in pH asso-
ciated with the intake of very fermentable
feeds.

The main differences in performance
resulted from the type of concentrate, as it is
classically reported in the literature, when
the proportion of concentrate in the diet is
high (Coulon et at, 1989; De Visser et at,
1990). The PHM treatment induced higher

milk yield, higher milk fat content and lower
protein content than the GW and RW treat-
ments. Several factors can account for that
result. The highest milk yield can be related
to a better digestibility of the diet under
PHM treatment because of slower degrada-
tion in the rumen, which reduces digestive
interactions (V6rit6 and Dulphy, 1981;
Michalet-Doreau and Sauvant, 1989). Such
a higher milk yield can also be due to the
slightly higher nitrogen supplementation of
the PHM diet, which may have improved
the diet digestibility and/or stimulated milk
yield (Journet et al, 1983). The differences
in milk chemical composition could be due
both to matter dilution effects (protein con-
tent) and/or to changes in the fermenting
orientations in the rumen. Diets inducing a
high C2/C3 ratio in the rumen are usually
favourable to milk yield and detrimental to



live weight gain and protein content (Verite
and Joumet, 1971; Thomas, 1984; De Visser
et al, 1990). This is consistent with our
observations, even if estimating live weight
changes over short periods is delicate. Diets
leading to a high (C2+C4)/C3 ratio usually
improve fat content (Journet and Chilliard,
1985). However, the weak correlation
between fat content and the (C2+C4)/C3
ratio (fig 1 ) demonstrates the failure of that
indicator to account for the fat content vari-

ations, especially because it only reflects an
instant measurement of the rumen status
which itself only partially reflects the pro-
duction of the main VFA on a daily scale.
Other mechanisms, either metabolic or hor-
mone-related, should therefore be taken into
consideration (Sutton and Morant, 1989) to
explain the individual variations in fat con-
tent.

In conclusion, this trial showed that sig-
nificant differences in milk yield and com-
position can be induced by jointly modify-
ing the type and mode of distribution of
concentrates. For concentrate proportions
in the diet between 40 and 50% of total DM,
however, the changes in fat content remain
moderate, much lower than observed with
higher concentrate proportions. Results
obtained with the GW diet, in particular the
high protein/fat milk ratio, should be viewed
with caution. The behaviour of the cows
observed in this study would indicate that
that treatment may increase the risk of
rumen dysfunction.
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