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ABSTRACT

Silages prepared from pure stands of ryegrass, al-
falfa, white clover, and red clover over two successive
year were offered to lactating dairy cows in two feeding
experiments. Proportional mixtures of all cuts prepared
in a yr were used to ensure that the forage treatments
were representative of the crop. Additional treatments
involved mixtures of grass silage with either white clo-
ver silage or red clover silage (50/50, on a DM basis).
Silages were prepared in round bales, using a biological
inoculant additive, and wilting for up to 48 h. Although
the legumes were less suited to silage-making than
grass, because of their higher buffering capacity and
lower water-soluble carbohydrate content, all silages
were well-fermented. A standard concentrate was of-
fered at a flat-rate (8 kg/d in yr 1, and 4 or 8 kg/d in
yr 2). All of the legume silages led to higher DM intake
and milk yields than for the grass silage, with little
effect on milk composition. Intake and production re-
sponses to legumes were similar at the two levels of
concentrate feeding and with forage mixtures they were
intermediate to those for the separate forages. An addi-
tional benefit of the clover silages, particularly red clo-
ver silage, was the increase in levels of polyunsaturated
fatty acids, particularly a-linolenic acid, in milk. Le-
gume silages also led to alower palmitic acid percentage
in milk. The efficiency of conversion of feed N into milk
N declined with increasing levels of legume silage.
White clover silage led to a higher N-use efficiency when
the effect of N intake level is taken into account.
(Key words: silage, clover, alfalfa, milk production,
fatty acid)

Abbreviation key: A = alfalfa silage, FAME = fatty
acid methyl esters, G = grass silage, G4 = G with 4 kg/
d concentrates, G8 = G with 8 kg/d concentrates, GRC
= mixture of G and RC, GRC4 = GRC with 4 kg/d
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concentrates, GRC8 = GRC with 8 kg/d concentrates,
GWC = mixture of G and WC, RC = red clover silage,
RC4 = RC with 4 kg/d concentrates, RC8 = RC with 8
kg/d concentrates, RIC =roughage intake control, WC =
white clover silage, WC8 =WC with 8 kg/d concentrates.

INTRODUCTION

Earlier experiments have established the high intake
and milk production potential of legume silages. Castle
et al. (1983) and Auldist et al. (1999) showed the high
feeding value of white clover silage for dairy cows. Other
studies (e.g., Thomas et al., 1985 with red clover and
Hoffman et al., 1998 with alfalfa) have demonstrated
the superiority of legume silages in comparison with
grass silages. However, the area of forage legumes has
been declining for a number of reasons, including the
relatively low cost of N fertilizer, and difficulties with
the agronomy and ensiling of legumes.

Further work on legume silages is timely because of
growing interest in organic and low-input production
systems as we become increasingly aware of the pollu-
tion potential from dairy units (Jarvis et al., 1996).
Plant breeding has improved the persistency and dis-
ease resistance of legumes (Rhodes and Ortega, 1997).
Earlier work often used long periods of wilting, preci-
sion-chop harvesting and high levels of formic acid and/
or formalin as additives. The loss of high-protein leaf
material is a particular problem with legumes and is
exacerbated by extensive handling of the crop. In this
work we have adopted shorter periods of wilting (up
to 48 h), baling of silage with minimal handling and
chopping, and the use of a biological inoculant silage
additive to reduce harvesting losses and avoid the
safety and equipment corrosion problems associated
with acids. There is limited earlier evidence, with beef
cattle, of successful feeding of red clover silages pre-
pared with wilting, but without the use of chemical
additives (Thomas et al., 1981).

The objective of this work was to evaluate feed intake
and milk production with diets based on legume silages
prepared using new technologies of biological inocu-
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lants and big bales. A further objective was to investi-
gate effects on N utilization and the fatty acid composi-
tion of milk fat.

MATERIALS AND METHODS
Field Management

Pure stands of forage crops were established for this
work during the summer and fall of 1997: red clover
(Trifolium pratense cv. Milvus), white clover (Trifolium
repens cv. Aran), alfalfa (Medicago sativa cv. Vertus)
and ryegrass (mixture of Lolium perenne cv. AberElan,
Lolium x boucheanum cv. AberComo and Lolium
maultiflorum cv. Augusta). The forages were grown at
Aberystwyth (52°25'N, 4°05'W) and harvested over the
following two growing seasons (1998 and 1999).

The legume crops received 85 kg phosphate/ha (as
triple superphosphate) and 260 (185 for white clover)
kg potash/ha (as muriate of potash) in March of each
year. Additional applications were given in mid-season
(56 kg potash/ha in 1998; 115 kg phosphate/ha and 150
kg potash/ha in 1999). The ryegrass crop received 320,
47, and 47 kg/ha of N, phosphate, and potash in 1998
and 335, 50, and 50 kg/ha in 1999.

Silage-making

The timing of silage cuts was planned to be optimal
for the growth patterns of individual crops, modified
according to weather conditions. Cutting dates, approx-
imate growth stages, and the percentage contribution
of each cut to annual production for each crop is given
in Table 1. Experiences in 1998 suggested that the po-
tential of ryegrass and red clover might further be ex-
ploited by cutting these crops on 4 occasions. However,
poor ground conditions meant that we were unable to
conserve the small fourth growth of red clover.

Crops were mowed using a disc mower fitted with
rubber rollers. Wilting guidelines were that crops
should be baled once they reached a DM content of 30
to 35% or, in any event, within 48 h of cutting. The
crops were wilted in the mower swaths for most of the
wilting time and tedded into rows 2 to 3 h before baling.
Crops were baled using a round baler, with chopping
used only for the ryegrasses. An inoculant additive de-
signed to supply 1 million cfu of Lactobacillus plan-
tarum strain MTD1 per g of forage (Ecosyl; Ecosyl Prod-
ucts Ltd., Stokesley, UK) was applied to all crops, dur-
ing baling, at the recommended rate of 1.5 L/t of crop.
On the basis of the good fermentations obtained in 1998,
we were prepared to use slightly wetter material at
ensiling during 1999.

2599

Feeds

A recurrent difficulty of this type of work has been
the need to identify representative material. Conse-
quently, in this work we used all material produced
from the fields over the yr in each feeding experiment
(see Table 1). Although there were some differences in
treatments and objectives between the 2 yr, we main-
tained several common treatments in order to provide
yr replication. Mixtures of silages prepared from each
crop over each growing season were used in the feeding
experiments in order to ensure that feeds were more
representative of the crop type. Bales were chopped and
mixed just prior to feeding.

A standard concentrate was used for both years of the
experiment, comprising (%): wheat (30.0), palm kernel
expeller (15.0), corn gluten feed (14.0), extracted rape-
seed meal (double-zero) (11.0), extracted sunflower
meal (9.0), molasses (5.0), expeller linseed meal (5.0),
groundnut meal (5.0), extracted soybean meal (2.0),
vegetable fat (1.5), and minerals/vitamins (2.5). The
mineral/vitamin premix supplied (on a concentrate DM
basis): 11,600 IU of vitamin A/kg, 2300 IU of vitamin
Ds/kg, 29 IU of vitamin E/kg, 35 mg/kg of Cu, 140 mg/
kg of Mn, 0.46 mg/kg of Se and 14 mg/kg of Zn.

Animal Measurements

Experiment 1 (silages prepared in 1998). The first
experiment involved 18 Holstein-Friesian cows (mean
BW =579 (40.4) kg; mean initial DIM = 64 (SD = 22.3)),
in a 3-period cyclical changeover-design experiment
(Davis and Hall, 1969), with 4-wk periods. One block
of cows (n=6) had previously been prepared with simple
rumen and duodenal cannulae and additional measure-
ments are reported by Dewhurst et al. (2003).

There were 6 dietary treatments based on 6 different
forages: grass silage (G), red clover silage (RC), white
clover silage (WC), alfalfa silage (A), and 50/50, (DM
basis) mixture of G and RC (GRC) and G and WC
(GWC). The cows had ad libitum access to the forages
either through roughage intake control (RIC) feeders
(Insentec B.V., Marknesse, The Netherlands) in a free-
stall barn, or through individual stalls (for the fistu-
lated cows). All cows were given 8 kg/d of the same
concentrate, with 3 kg offered at each milking and 2
kg distributed as a mid-day feed (fistulated cows) or
through out-of-parlor feeders. The concentrate was de-
signed to balance the protein content of G and so pro-
vided excess protein in other diets.

Cows were milked two times each day, at approxi-
mately 0600 to 0700 h and 1600 to 1700 h. Feed intake
and milk yields were recorded daily throughout the
experiment; milk composition was recorded from 4 con-
secutive milkings each wk. The model of Tolkamp et
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Table 1. Details of the silages prepared during 1998 and 1999.

DEWHURST ET AL.

% of annual

Cutting Growth mixture

Year Crop Cut date stage (DM basis)
1998 Grass 1 16 May Pre-flowering 42.4
2 2 July Mid-flowering 33.2
3 10 August Early flowering 24 .4
Red clover 1 17 May Mid-flowering 42.7
2 23 July Late flowering 32.8
3 19 September Early flowering 24.5
White clover 1 10 June Late flowering 434
2 6 August Early flowering 29.1
3 20 September Late bud 27.5
Alfalfa 1 17 May Bud 39.2
2 23 July Mid-flowering 37.6
3 19 September Bud 23.2
1999 Grass 1 27 May Mid-flowering 32.6
2 6 July Mid-flowering 28.8
3 20 August Mid-flowering 24.4
4 11 October Pre-flowering 14.2
Red clover 1 17 May Early bud 33.1
2 6 July Early flowering 40.8
3 22 August Early flowering 26.1
White clover 1 8 June Early flowering 46.4
2 26 July Flowering 44.3
3 11 October Early flowering 9.3

al. (1998) was used to estimate the number (and, conse-
quently, size) of forage meals for the 12 cows using the
RIC feeders. Single blood samples were taken from the
jugular veins of each of the 12 non-fistulated cows in
the final wk of each period (between 1030 and 1200 h).
Blood was held on ice, and spun at 1700 x g for 25
minutes at 4°C to separate plasma, which was decanted
and stored at —20°C until analysis using test kits
(Moorby et al., 2000).

Diet digestibility was measured with 6-d total collec-
tions of feces from the fistulated cows in the third wk
of each period, using the equipment described by Aston
et al. (1998). An additional experimental period was
used for digestibility and milk fatty acid measurements
using the fistulated cows. Outputs of urinary N ap-
peared to be erroneous and so are not reported.

Experiment 2 (silages prepared in 1999). This
experiment involved 7 dietary treatments, including
some repetition of treatments used in Experiment 1,
but also investigating two levels of feeding of the same
standard concentrate (4 or 8 kg/d). Concentrates were
offered through out-of-parlor feeders in 4 equal alloca-
tions that were spaced by 4.5 h. The dietary treatments
in this experiment were: grass silage and 4 kg/d concen-
trates (G4); grass silage and 8 kg/d concentrates (G8);
a 50/50 mixture (DM basis) of grass silage and red
clover silage and 4 kg/d concentrates (GRC4); a 50/50
mixture of grass silage and red clover silage (DM basis)
and 8 kg/d concentrates (GRCS8); red clover silage and
4 kg/d concentrates (RC4); red clover silage and 8 kg/
d concentrates (RC8); white clover silage and 8 kg/d
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concentrates (WC8). The forage yields obtained pre-
viously led us to concentrate on diets based on RC,
though treatment WC8 was retained because this gave
the highest milk yields in Experiment 1. The feeds were
offered to 21 Holstein-Friesian cows in a 3-period cycli-
cal changeover-design (Davis and Hall, 1969), with 4-
wk periods. The mean BW was 609 (SD = 49.6) kg and
the mean initial DIM 82 (SD = 15.3) for the 19 cows
that completed the experiment. All cows were housed
in a free-stall barn with ad libitum access to the forages
through RIC feeders. Measurements were as described
for Experiment 1, except that diet digestibilities were
estimated for two blocks of cows (n = 14) by an indirect
method using acid insoluble ash (Ministry of Agricul-
ture, Fisheries and Food, 1986) as an internal marker,
with 2 samples of feces taken on 2 consecutive days.

Sampling and Chemical Analysis

At least 3 forage samples were collected from each
field immediately prior to harvesting and stored frozen
(-20°C), before freeze-drying and analysis for oven-DM
(AOAC, 1990), CP (N x 6.25; Leco FP 428 N analyzer),
water-soluble carbohydrates (Ministry of Agriculture,
Fisheries and Food, 1986), nitrate (Bremner and
Keeney, 1965) and buffering capacity (Playne and Mc-
Donald, 1966). Lactic acid bacteria counts were con-
ducted according to Merry et al. (1995).

Samples of each silage (composite of 3) and concen-
trates were taken during each measurement wk, stored
frozen and freeze-dried prior to chemical analysis ac-
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Table 2. Chemical composition and lactic acid bacteria counts for the crops as ensiled.

Lactic acid

Crude Water-soluble Buffering bacteria
Oven-DM protein carbohydrates Nitrate capacity (log cfu/g
Year Crop Cut (%) (% of DM) (% of DM) (mg/kg DM) (meg/kg DM) fresh weight)
1998 Grass 1 40.7 13.1 20.9 123 361 3.0
2 36.3 115 25.4 161 392 2.5
3 33.9 13.3 18.0 183 375 6.0
Red clover 1 42.8 20.9 11.3 91 428 1.1
2 34.7 16.1 10.0 86 373 2.1
3 32.5 19.7 8.6 69 562 2.7
White clover 1 19.7 26.1 9.3 196 577 0.8
2 25.5 23.2 7.7 209 454 4.1
3 30.5 28.1 8.2 93 425 6.2
Alfalfa 1 33.9 25.6 7.9 45 584 1.9
2 36.5 22.6 5.0 75 435 3.8
3 39.5 22.1 6.4 32 453 2.4
1999 Grass 1 27.3 10.6 22.2 69 303 2.2
2 47.0 11.7 15.3 139 315 5.3
3 47.7 11.8 14.4 216 247 5.4
4 20.0 17.5 7.6 500 309 ND!
Red clover 1 20.6 18.4 10.2 86 484 2.2
2 26.1 16.8 8.3 86 451 4.2
3 23.2 19.5 6.5 83 466 4.4
White clover 1 26.4 20.4 13.3 65 472 3.2
2 28.2 18.1 13.3 36 408 4.2
3 134 26.6 12.2 76 492 2.5

IND = not determined.

cording to the methods described by Dewhurst et al.
(2000). Ethanol was determined according to the
method of Fussell and McCalley (1987). All intake and
chemical composition values for forages have been cor-
rected to a freeze-DM basis.

Milk fat, protein and lactose were determined by in-
frared milk analyzer (Milkoscan 605, Foss Electric,
Denmark). Additional milk samples were collected and
stored at —20°C without preservative, prior to freeze-
drying and analysis of fatty acids by GC as fatty acid
methyl esters (FAME), which were prepared using the
one-step extraction and methylation procedure of Suk-
hija and Palmquist (1988). For Experiment 1, a 30 m
ZB-Wax column (Phenomenex, Macclesfield, UK ) was
used to separate FAME, with nitrogen as carrier gas.
The injector was held at 200°C and the detector at
230°C; a temperature gradient (60°C for 3 min, 20°C/
min rise to 230°C, and 8.5 min at 230°C) was used to
separate the FAME. For Experiment 2, a 100 m CP-
Sil Select for FAME CB column (Varian, Walton-on-
Thames, UK) was used, with helium as carrier gas. The
injector was held at 250°C and the detector at 255°C;
a temperature gradient (starting at 70°C, 20°C/min rise
to 175°C, hold for 25 min, 2.5°C/min rise to 200°C, hold
for 2 min, 20°C/min rise to 230°C, hold for 8.5 min) was
used to separate the FAME. Fatty acid methyl esters
were identified and quantified by reference to quantita-
tive external standards (Larodan Fine Chemicals AB,
Malmo, Sweden). Trans-11 Cqg.; co-eluted with cis-9

Cig1 on the 30 m column. Neither C4¢ or CLA were
reported from the 30 m column.

Statistical Analysis

Mean values from the final wk of each period were
used in the statistical analysis of feed intake, milk pro-
duction, and milk composition. Analysis of variance was
conducted using the restricted maximum likelihood
(REML) directive of Genstat 5 for Windows (Lawes Ag-
ricultural Trust, 2000). For Experiment 1, the fixed
model had 6 treatments with an embedded 2 x 2 facto-
rial (50 or 100% legume silage x red clover or white
clover). For Experiment 2, the fixed model was a 3 x 2
factorial (grass/red clover level x concentrate level) with
an additional control treatment (WCS8). In each case,
the analysis adopted a random model of ‘Period’ x ‘Cow’.
Measurements were lost from one fistulated cow that
was lame at the end of the first period of Experiment
1. One of the fistulated cows became sick (digestive
upset) and was not used in the second and third periods.
Two cows were lost from the second experiment for
reasons unrelated to treatments (failure to use the feed-
ing equipment) and were excluded from the analysis.
The Tables show the number of cows for each dietary
treatment and measurement.
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Table 3. Chemical composition of the concentrates (% of DM, unless

stated otherwise).

Experiment 1

Experiment 2

DM (%) 86.2 85.0
Ash 8.1 8.3
Crude Protein 21.8 25.0
NDF 29.7 24.6
ADF 15.3 10.9
Starch 26.9 23.1
Water-soluble carbohydrates 6.8 10.1
Total fatty acids 4.77 3.57
Ci60 0.86 0.91
Cig1 1.31 1.32
Cig:o 1.07 0.36
Cig:3 0.08 0.03
RESULTS

Crop Composition

The chemical composition and lactic acid bacteria
counts of the herbage ‘as ensiled’ are shown in Table
2. The relatively low levels of lactic acid bacteria in
many of the crops suggest that the biological inoculant
was essential for successful fermentation with many of
the materials. The relatively higher buffering capacity
and lower content of water-soluble carbohydrates for
the legume crops made them more challenging as mate-
rials to ensile.

Feed Composition

The chemical composition of the standard concen-
trate and silages are shown in Tables 3 and 4, respec-
tively. Variable weather conditions meant that we pro-
duced silages with a wide range of DM contents over
the course of the experiment (Table 2). Despite the com-
position of the material at ensiling, all of the silages

were well-preserved, aerobically stable, and readily
consumed by the cows. The extensive lactic fermenta-
tions of the white clover silage are noteworthy, whilst
levels of butyric acid were higher in the red clover
silages.

The levels and patterns of most fatty acids were simi-
lar in the different silages, with higher levels of a-
linolenic acid (Cig.3) in white clover silage relative to
grass silage (Table 5). There was no consistent pattern
in levels of Cig.3 in red clover silage relative to grass
silage. Table 6 shows the levels of crude protein, fiber,
starch, water-soluble carbohydrates, and total fatty
acids in the total diets.

Animal Performance

Intake, diet digestibility and milk production results
are presented in Tables 7 (Experiment 1) and 8 (Experi-
ment 2). Silage intake, silage meal size, and the yields
of milk, milk protein, and milk lactose in Experiment
1 were significantly lower for cows offered grass silage
in comparison with treatments that contained legumes,
although there were no significant effects of clover %
or clover species on these measures. The superiority of
legume silages was in contrast to differences in diet
digestibility, which was highest for cows offered grass
silage, lowest for cows offered alfalfa silage, reduced
by increasing clover %, and significantly lower for red
clover in comparison with white clover. The imbalance
in levels of digestible N and digestible DM in diet WC,
and particularly in diet A, is also shown in Table 7.
The efficiency of conversion of feed-N into milk-N was
significantly higher for cows offered grass silage, and
was progressively reduced with increasing legume con-
tent; the lowest efficiency was for cows offered alfalfa
silage.

Table 4. Chemical analysis of the silages (% of freeze-DM, unless stated otherwise).

Experiment 1!

Experiment 2!

G GRC RC GWC WC A G GRC RC wC
Freeze-DM (%) 345 358 376 307 258 359 335 287 231 31.0
Oven-DM (%) 332 335 359 287 242 352 30.7 265 22.0 285
Ash 7.6 8.7 8.8 8.5 10.0 8.5 7.3 8.7 113 9.7
NDF 52.7 445 419 418 269 450 524 471 40.7 29.6
ADF 321 313 332 301 274 363 296 287 309 253
Water-soluble carbohydrates 7.6 4.5 1.8 4.6 1.8 1.0 7.4 6.0 0.7 5.0
pH 4.08 412 424 397 385 468 422 427 438 398
Crude protein 140 166 196 183 261 240 139 148 181 212
Ammonia-N (% of total-N) 80 116 104 139 112 144 112 13.0 129 9.6
Lactic acid 6.6 7.7 7.4 9.2 9.9 6.0 8.0 9.0 84 10.7
Acetic acid 069 0.76 0.82 0.88 152 147 075 103 161 0.85
n-Butyric acid 0.11 023 051 0.05 012 024 0.16 042 097 0.06
Ethanol 044 024 014 032 015 0.13 043 066 062 0.56

1G = grass silage; RC = red clover silage; WC = white clover silage; A = alfalfa silage; GRC = mixture of
G and RC (50/50, DM basis); and GWC = mixture of G and WC (50/50, DM basis).

Journal of Dairy Science Vol. 86, No. 8, 2003
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Table 5. Fatty acid concentrations in the silages (% of freeze-DM).

Experiment 1!

Experiment 2!

G GRC RC GWC WC A G GRC RC wC

Total fatty acids 152 154 155  1.94 263 142 132 151 200 2.33
Ciso 0.30 034 037  0.40 053 039 029 031 038 042
Ciss 024 029 037 0.32 046 032 022 027 040 043
183 077 070 062  1.00 141 053 071 079 104  1.28

2603

G = grass silage; RC = red clover silage; WC = white clover silage; A = alfalfa silage; GRC = mixture of
G and RC (50/50, DM basis); and GWC = mixture of G and WC (50/50, DM basis).

Comparing results for cows offered white clover silage
with all other treatments in Experiment 2 shows that
it led to significantly higher silage DMI, significantly
larger silage meals, and significantly higher yields of
milk, milk fat, milk protein, and milk lactose. Milk from
the cows offered white clover silage had a significantly
lower fat percentage and a significantly higher protein
percentage. The additional concentrates had the antici-
pated effects on performance: reduced silage DMI, in-
creased total DMI, increased yields of milk, milk fat,
milk protein, and milk lactose, and increased milk pro-
tein percentage. Increasing the level of inclusion of red
clover silage led to increased DMI and increased yields
of milk, milk protein, and milk lactose.

Milk fatty acid profiles are given in Tables 9 and
10 for the two experiments, respectively. White clover
silage led to an increase in the proportion of shorter-
chain fatty acids (particularly Cig.9 and Cy9.9) in milk
from both experiments. The most notable effect on milk
fatty acid percentages is the increase in levels of a-
linolenic acid (Cqg.3) in milk produced from cows con-
suming clover silage, particularly red clover silage in
Experiment 2. A significant reduction in levels of Cy4.9
in milk from cows offered red clover silage was also
evident in this experiment. Odd-chain fatty acids made
up 3 to 5% of milk fatty acids. The effects of diets on
odd-chain fatty acids in milk were generally small.

Results of analysis of blood plasma are presented in
Tables 11 and 12 for the two experiments, respectively.
Levels of f-hydroxybutyrate were significantly lower in

Table 6. Chemical analysis of the total diets (% of DM).

plasma from cows offered white clover silage in both
experiments. The most obvious effect on plasma compo-
sition was the significant increase in levels of urea with
increasing levels of legume inclusion; highest levels
were obtained when feeding alfalfa silage.

DISCUSSION
Feed Composition

Despite having the same ingredient specification,
there were small differences in the composition of con-
centrates between years. These must reflect differences
between batches in the composition of raw materials,
including differences in the oil content of oilseed by-
products (rapeseed, sunflower and linseed meals) and
the composition of vegetable fat. The chemical analysis
of the silages (Table 4) confirms the value of legumes
as a source of home-grown protein, with average CP
contents of legume silages 40 to 86% higher than in the
corresponding grass silages. Some caution is needed in
interpreting the chemical analysis of GRC, which was
not always intermediate to G and RC- probably as a
result of the difficulty of obtaining a representative
sample of this mixed forage. The legume silages were all
well preserved and of moderate fermentation quality,
despite the high buffering capacity and relatively low
water-soluble carbohydrate content of the initial herb-
age (Table 2). The red clover silages contained moderate
levels of butyric acid, but this did not preclude good

Experiment 1!

Experiment 2!

G GRC RC GWC WC A G4 G8 GRC4 GRC8 RC4 RC8 WC8
Crude Protein 16.9 184  20.3 19.5 24.6 233 16.1 17.8 16.7 18.2 19.3 20.2 22.3
NDF 44.0  39.3 37.7 376 27.9 399 470 427 4238 39.6 38.0 35.7 28.1
ADF 25.8 257 271  25.0 23.2 292 259 231 253 22.7 27.5 24.7 210
Starch 10.2 9.4 9.2 9.2 94 9.0 4.5 8.0 44 7.7 3.9 7.1 6.8
Water-soluble carbohydrates 7.30 5.30 3.50 5.36 3.55 2.95 7.93 8.34 6.78 7.37 2.30 3.61 6.51
Total fatty acids 2.87 273 2.71 2.97 3.24 267 1.76  2.10 1.90 2.20 227 249 270

1G = grass silage; RC = red clover silage; WC = white clover silage; A = alfalfa silage; GRC = mixture of G and RC (50/50, DM basis);

GWC = mixture of G and WC (50/50, DM basis).

Journal of Dairy Science Vol. 86, No. 8, 2003
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Table 7. Effects of legume silages on feed intake, meal patterns and milk production in Experiment 1. Meal patterns were recorded for two blocks of cows. Digestibilities

were recorded for one block of cows.

Treatment! Standard Significance
error
of the Clover
G GRC RC GWC WC A difference ~ Group?  Clover %2  species*  Interaction®

Number 9 8 9 9 8 8
Silage DM intake (kg/d) 114 12.9 134 13.2 12.9 13.6 0.66 HEE NS NS NS
Total DM intake (kg/d) 18.2 19.8 20.3 20.1 19.8 20.4 0.66 HE NS NS NS
Milk yield (kg/d) 24.9 28.6 28.1 27.9 31.5 27.7 1.80 * NS NS NS
4%-FCM (kg/d) 26.5 31.0 30.5 30.7 33.6 29.3 2.36 * NS NS NS
Milk fat (%) 4.45 4.60 4.52 4.66 4.39 4.42 0.249 NS NS NS NS
Milk protein (%) 3.26 3.21 3.14 3.22 3.20 3.26 0.053 NS NS NS NS
Milk lactose (%) 4.71 4.72 4.68 4.74 4.71 4.66 0.041 NS NS NS NS
Milk fat (g/d) 1102 1300 1285 1302 1400 1212 120.6 NS NS NS NS
Milk protein (g/d) 807 920 882 892 1006 891 58.1 * NS NS NS
Milk lactose (g/d) 1171 1350 1314 1323 1477 1299 84.9 * NS NS NS
N intake (g/d) 507 558 689 618 784 778 28.0 wEE HEE wEE NS
N efficiency (milk-N/feed-N, %) 25.6 24.5 21.0 22.2 20.5 18.2 1.51 Ak * NS NS
Number 6 6 6 6 6 6 ..
Number of silage meals/d 7.9 7.8 8.1 6.2 7.6 6.4 1.36 NS NS NS NS
Silage meal size (kg DM) 1.68 1.72 1.99 2.24 1.80 2.22 0.255 T NS NS T

Number 4 3 3 4 3 4
DM digestibility (%) () 72.0 68.7 64.9 71.9 68.7 64.0 0.94 HEE HEE HEE NS
N digestibility (%) (7) 72.6 66.8 65.0 71.3 71.5 715 2.17 * NS HHE NS
ND/DMD ratio () 1.02 0.99 1.02 1.01 1.06 1.13 0.032 HEE T NS NS

1G = grass silage; RC = red clover silage; WC = white clover silage; A = alfalfa silage; GRC = mixture of G and RC (50/50, DM basis); GWC = mixture of G and WC (50/50,

DM basis).

2Group = G vs. A vs. clover-containing diets (3-way comparison).
3Clover % = 50 vs. 100% clover (within clover-containing diets).
4Clover species = RC vs. WC (within clover-containing diets).

5Clover % x clover species interaction.

NS = not significant (P > 0.1); TP < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001.
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Table 8. Effects of legume silages on feed intake, meal patterns and milk production (Experiment 2).

Treatment! Standard Significance
error
of the White % Red Concentrate
G4 G8 GRC4 GRCS8 RC4 RC8 WCS8 difference clover? clover? level*

Number 8 8 8 9 7 8 9 ..
Silage DM intake (kg/d) 14.0 12.6 14.5 13.5 16.6 15.2 15.9 0.61 wE Ak HokE
Number of silage meals/d 9.5 9.4 9.5 8.4 11.3 8.9 8.0 1.25 T NS NS
Silage meal size (kg DM) 1.58 1.46 1.67 1.69 1.70 1.80 2.06 0.185 *k T NS
Total DM intake (kg/d) 17.4 19.3 17.9 20.3 20.0 22.0 22.6 0.62 Ak Ak HAE
Diet digestibility (%) 65.5 68.2 69.0 66.5 66.9 67.6 67.8 3.29 NS NS NS
Milk (kg/d) 23.5 27.5 23.7 28.6 25.6 30.2 33.2 0.83 HEE HEE ok
4%-FCM (kg/d) 22.5 27.6 22.7 27.8 25.2 28.8 30.8 1.18 ok * otk
Milk fat (%) 3.73 4.10 3.67 3.79 3.91 3.74 3.52 0.186 * NS NS
Milk protein (%) 2.98 3.04 2.98 3.11 2.94 2.97 3.17 0.049 HEE * wE

Milk lactose (%) 4.62 4.59 4.56 4.60 4.62 4.61 4.60 0.049 NS NS NS
Milk fat (g/d) 870 1103 886 1087 987 1124 1169 65.1 otk NS ek
Milk protein (g/d) 693 832 712 887 746 894 1045 31.5 wEE * Hokk
Milk lactose (g/d) 1086 1259 1081 1319 1185 1391 1521 37.1 ok ok ok
N intake (g/d) 448 551 475 591 616 711 809 184 Ak ok Ak
N efficiency (milk-N/feed-N; %) 24.2 23.5 24.0 23.4 18.8 19.7 20.4 0.80 i Fkew NS

1G4 = grass silage with 4 kg/d concentrates; G8 = grass silage with 8 kg/d concentrates; GRC4 = grass silage/red clover silage mix (50/50, DM basis) with 4 kg/d concentrates;
GRCS8 = grass silage/red clover silage mix (50/50, DM basis) with 8 kg/d concentrates; RC4 = red clover silage with 4 kg/d concentrates; RC8 = red clover silage with 8 kg/d
concentrates; WC8 = white clover silage with 8 kg/d concentrates.

NS = not significant (P > 0.1); ¥ < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001.
2W(C8 in comparison with all other treatments.
3% Red clover (within the treatments containing grass and/or red clover silage).
4Concentrate feeding level (4 vs. 8 kg/d) within the treatments containing grass and/or red clover silage. There were no significant % Red clover x concentrate level

interactions (P < 0.05).
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Table 9. Effects of legume silages on the fatty acid composition of milk (% of total milk fatty acids®) and apparent recovery of Cygs and Cig.3 from feed to milk (%). Results

are for one block of cows in Experiment 1.

Treatment! Standard Significance
error
of the Clover
G GRC RC GWC wC A difference Group? Clover %° species* Interaction®

Number 4 4 3 4 3 3

Ce.o 2.76 2.61 2.73 2.77 2.81 2.62 0.100 NS NS + NS
Cs.o 1.91 1.83 1.90 1.98 2.04 1.83 0.073 NS NS ok NS
Cio:0 3.32 3.26 3.32 3.54 3.74 3.20 0.162 NS NS wE NS
Ci2:0 4.26 4.29 4.28 4.48 4.73 4.27 0.222 NS NS * NS
Cia0 12.2 12.1 12.2 12.4 13.0 11.7 0.46 NS NS T NS
Cra1 1.47 1.34 1.26 1.33 1.33 1.33 0.093 T NS NS NS
Ci6:0 31.5 30.0 31.2 31.0 29.7 28.9 0.85 * NS NS w
Ci61 2.32 2.11 2.10 2.07 2.02 2.10 0.097 ok NS NS NS
Cis0 10.5 10.0 10.1 10.1 9.9 9.5 0.55 NS NS NS NS
Cig1 24.7 23.7 24.0 22.7 23.0 23.3 1.02 NS NS NS NS
Cigo 1.42 1.69 1.81 1.45 1.80 1.61 0.112 o o F NS
Cigs 0.43 0.53 0.81 0.53 0.91 0.54 0.090 s el NS NS
C1g.3:C15.2 ratio 0.30 0.32 0.45 0.36 0.50 0.34 0.042 wE ok NS NS
Apparent recovery of Cig.o from feed to milk (%) 11.7 10.9 12.1 11.6 13.0 10.3 0.95 NS + NS NS
Apparent recovery of Cig.3 from feed to milk (%) 3.80 4.30 7.86 3.40 4.13 5.49 0.70 wok oAk oAk Hok

G = grass silage; RC = red clover silage; WC = white clover silage; A = alfalfa silage; GRC = mixture of G and RC (50/50, DM basis); and GWC = mixture of G and WC

(50/50, DM basis).

2Group = G vs. A vs. clover-containing diets (3-way comparison).
3Clover % = 50 vs. 100% clover (within clover-containing diets).
4Clover species = RC vs. WC (within clover-containing diets).

5Clover % x clover species interaction.

GTotal fatty acids included 015:0, anteisoClg,;o, i80015:0, 017:0, anteisoClm, iSOCl7;0, 017:1 and 020:0 in addition to those listed.

NS = not significant (P > 0.1); TP < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001.

909¢

7V 13 1SHNHM3d



€002 ‘8 "ON ‘98 "JOA 80UaIdS Alie( Jo [euinop

Table 10. Effects of legume silages on the fatty acid composition of milk (% of total milk fatty acids®) and apparent recovery of Cigs and Cigs from feed to milk (%)
(Experiment 2).

Treatment! Standard Significance
error
of the White % Red Concentrate
G4 G8 GRC4 GRC8 RC4 RC8 WC8 difference clover? clover® level* Interaction®

Number 8 8 8 9 7 8 9
Cyo 4.89 4.91 4.91 5.26 5.54 5.78 5.16  0.155 NS ok * NS
Ce.o 2.71 2.69 2.65 2.95 2.78 2.98 3.04 0.093 okt * ik *

Cs.o 1.33 1.36 1.26 1.46 1.29 1.43 1.57  0.056 Hokk NS HEE +

Ci0:0 2.91 2.95 2.61 3.08 2.54 2.83 3.47 0.141 ook + ok +

Cio0 3.34 3.52 3.01 3.65 2.89 3.31 4.16  0.159 otk * otk NS
Cis0 12.0 11.7 11.3 12.1 10.9 11.3 12.7 0.37 Hkk * NS +

Cia1 1.00 1.06 1.00 1.03 0.83 0.86 1.07 0.056 ok ook NS NS
Cis0 1.30 1.08 1.37 1.14 141 1.21 1.28  0.043 NS ok otk NS
anteisoCiso 048 045 050 047 047 045 044 0.018 * NS ok NS
1s0C15,0 0.27 0.25 0.26 0.24 0.22 0.21 0.18  0.009 ok Hokk HkE NS
Cig0 34.3 32.5 34.4 32.8 31.8 30.6 32.9 0.94 NS ook ik NS
Cig1 1.43 1.54 1.46 1.30 1.22 1.17 1.29  0.086 NS ook NS T

Ci70 0.62 0.53 0.64 0.52 0.66 0.57 0.56  0.023 NS wE HEE NS
anteisoCqr. 0.42 0.42 0.44 0.40 0.40 0.40 0.38 0.015 ok i NS NS
1s0Cq7. 0.28 0.26 0.26 0.25 0.26 0.25 0.23  0.011 otk * * NS
Cis0 10.7 11.0 10.4 11.1 11.6 11.6 9.7 0.49 Hkk * NS NS
Cig:1 (cis-9 and cis-11) 19.0 20.7 19.6 18.5 20.0 20.2 17.9 1.12 * NS NS NS
Cigo 0.90 1.05 1.08 1.18 1.47 1.58 1.54  0.047 otk ook otk +

CLA (cis-9, trans-11) 0.37 0.36 0.45 0.39 0.42 0.41 0.34  0.032 * * NS NS
CLA (trans-10, cis-12) 0.025 0.025 0.035 0.032 0.035 0.033 0.031 0.0044 NS * NS NS
TVA 1.16 1.13 1.38 1.25 1.31 1.25 1.06  0.082 ok * NS NS
Ciss 048 040 077 064 151 128 096 0.044 ok ok ok NS
Cs0.0 0.17 0.18 0.18 0.19 0.19 0.19 0.16  0.007 ok NS NS NS
C135.3:C1g.9 ratio 0.54 0.37 0.72 0.55 1.04 0.81 0.63  0.027 * ook ok NS
Apparent recovery of Cig.o from feed to milk (%) 19.8 23.4 20.4 22.3 18.9 21.8 20.5 1.46 NS NS oAk NS
Apparent recovery of Cig.3 from feed to milk (%)  4.52 5.14 6.56 7.02 8.90 9.66 5.90 0.507 woE ok * NS

1G4 = grass silage with 4 kg/d concentrates; G8 = grass silage with 8 kg/d concentrates; GRC4 = grass silage/red clover silage mix (50/50, DM basis) with 4 kg/d concentrates;
GRCS8 = grass silage/red clover silage mix (50/50, DM basis) with 8 kg/d concentrates; RC4 = red clover silage with 4 kg/d concentrates; RC8 = red clover silage with 8 kg/d
concentrates; WC8 = white clover silage with 8 kg/d concentrates; CLA = conjugated linoleic acid; TVA = trans-vaccenic acid.

2W(C8 in comparison with all other treatments.

3% Red clover (within the treatments containing grass and/or red clover silage).

4Concentrate feeding level (4 vs. 8 kg/d) within the treatments containing grass and/or red clover silage.
5% Red clover x concentrate level interaction.

5Total milk fatty acids are all those included in this Table.

NS = not significant (P > 0.1); TP < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001.
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Table 11. Effects of legume silages on plasma metabolite concentrations. Results are for two blocks of cows in Experiment 1.

Treatment! Standard Significance
error
of the Clover
G GRC RC GWC wC A difference  Group?  Clover %°  species*

Number 6 6 6 6 6 6 ..
Glucose (mmol/L) 3.62 4.08 4.29 4.25 4.24 459  0.313 ok NS NS
(-hydroxybutyrate (mmol/L) 0.81 0.86 0.90 0.64 0.69 0.81 0.125 NS NS *
Urea (mmol/L) 6.52 7.60 8.19 7.93 8.73 10.40 0.881 oAk NS NS
Total protein (g/L) 102.4 106.5 113.7 109.2 98.5 124.0 9.13 * NS NS
Albumin (g/L) 52.6 55.6 56.6 57.1 50.6 61.2 4.66 NS NS NS

1G = grass silage; RC = red clover silage; WC = white clover silage; A = alfalfa silage; GRC = mixture of G and RC (50/50, DM basis);

GWC = mixture of G and WC (50/50, DM basis).
2Group = G vs. A vs. clover-containing diets (3-way comparison).
3Clover % = 50 vs. 100% clover (within clover-containing diets).

4Clover species = RC vs. WC (within clover-containing diets). There were no significant clover % X clover species interactions (P < 0.05).

NS, not significant (P > 0.05); *P < 0.05; **P < 0.01; ***P < 0.001.

levels of intake and milk production. There were no
problems with aerobic deterioration of the silages,
whether prepared from grass or legumes. Observation
of discarded silages suggested particularly high aerobic
stability of the legume silages- in agreement with obser-
vations in parallel laboratory-scale studies (Pahlow et
al., 2002) and in other feeding experiments with alfalfa
silage (McAllister et al., 1998).

Feed Intake and Meal Patterns

Both experiments (Tables 7 and 8) confirmed the
higher levels of voluntary intake of legume silages in
comparison with grass silages observed previously (e.g.
Thomas et al., 1985; Hoffman et al., 1998). The RIC
feeders enabled us to define meals (Tolkamp et al.,
1998) and suggest that the increased intakes of legume
silages are associated with a similar number of larger
meals. The physiological basis of these effects is further
discussed, in relation to the kinetics of rumen digestion
and passage, in the companion paper (Dewhurst et
al., 2003).

The decline in forage DM intake in response to the
4 kg/d increase in concentrate allocation was similar
for G, GRC and RC treatments in Experiment 2; substi-
tution rates were —0.41, -0.29, and -0.41 kg/kg, respec-
tively. The additional concentrates led to increases in
CP intake of 630, 703, and 597 g/d for G, GRC, and RC,
respectively. The fact that similar responses to concen-
trates occurred despite the widely different CP supply
at the lower level of concentrate feeding (2796, 2981,
and 3855 g/d for G4, GRC4, and RC4) confirms that
protein supply had little part in the responses observed
in these studies.

Milk Production and Composition

The higher DM intake of legume silages compared
with grass silage was reflected in higher yields of milk,

Journal of Dairy Science Vol. 86, No. 8, 2003

milk fat, milk protein, and milk lactose (Tables 7 and
8), though increases in milk protein yield were quite
small, other than for animals receiving white clover
silage. The yields of milk obtained from alfalfa silage
were low relative to the high DM intake and this may
reflect the higher ADF content (Table 5) and lower di-
gestibility (Table 7) of this diet. Previous studies have
also highlighted the superiority of red clover silage over
alfalfa silage in relation to milk yield relative to intake
(Hoffman et al., 1997 (Experiment 2); Broderick et al.,
2001). Similarly, Broderick et al. (2000) estimated that
red clover silage contained 10% more NE;, than alfalfa
silage. The use of mixtures of cuts in each silage treat-
ment, as well as the similarity of responses between
year, confirms the reliability of the intake and milk
production responses recorded. The additional yield of
milk in response to a supplementation of 4 kg/d of con-
centrates was similar for G, GRC and RC, reflecting
the similar substitution rates noted above.

This work provides new information on the effects of
legume silages on milk fatty acids (Tables 9 and 10).
Milk from cows offered legume silages generally con-
tains higher levels of polyunsaturated fatty acids that
are regarded as beneficial for human health (linoleic
acid, conjugated linoleic acid, and «-linolenic acid).
These experiments also showed that alfalfa and red
clover silage can lead to some improvement in the satu-
rated fatty acid content of milk (Tables 9 and 10). There
was no consistent effect on stearic acid (Cig.9), which is
regarded as neutral in its effect on plasma cholesterol
in humans (Yu et al., 1995), but a significant reduction
in palmitic acid (Cig.9) which is known to increase
plasma cholesterol in humans (Yu et al., 1995). At the
low level of concentrate feeding (4 kg/d), we observed
a 3-fold increase in the level of a-linolenic acid in milk
from cows offered red clover silage in comparison with
cows offered grass silage. The increase in n-3 fatty acid
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Table 12. Effects of legume silages on plasma metabolite concentrations (Experiment 2).

Treatment! Standard Significance
error
of the White % Red  Concentrate
G4 G8 GRC4 GRC8 RC4 RC8 WC8 difference clover? clover® level*

Number 8 8 8 9 7 8 9
Glucose (mmol/L) 3.46 3.39 3.39 3.38 3.72 3.43 3.41 0.293 NS NS NS
(-hydroxybutyrate (mmol/L) 0.51 0.63 0.61 0.66 0.72 0.76 0.49 0.100 * T NS
Urea (mmol/L) 5.97 7.40 7.41 7.86 9.11 8.49 8.92 0.508 wkk wkk NS
Total protein (g/L) 92.4 91.2 88.1 94.6 92.5 92.9 97.5 5.37 NS NS NS
Albumin (g/L) 39.9 45.6 45.7 47.6 44.4 44.9 44.8 3.45 NS NS NS

1G4 = grass silage with 4 kg/d concentrates; G8 = grass silage with 8 kg/d concentrates; GRC4 = grass silage/red clover silage mix (50/
50, DM basis) with 4 kg/d concentrates; GRC8 = grass silage/red clover silage mix (50/50, DM basis) with 8 kg/d concentrates; RC4 = red

clover silage with 4 kg/d concentrates; RC8 = red clover silage with 8
2WCS8 in comparison with all other treatments.
3% Red clover (within the treatments containing grass and/or red

kg/d concentrates; WC8 = white clover silage with 8 kg/d concentrates.

clover silage).

“Concentrate feeding level (4 vs. 8 kg/d) within the treatments containing grass and/or red clover silage. There were no significant % Red

clover x concentrate level interactions (P < 0.05).
NS = not significant (P > 0.1); TP < 0.1; *P < 0.05; ***P < 0.001.

(a-linolenic acid) content is particularly valuable given
the growing perception of the need to reverse the decline
in the n-3/n-6 fatty acid ratio in our diet (Simopoulos,
2001). The increase in polyunsaturated fatty acids in
milk from cows offered white clover is in line with the
higher intakes (Tables 7 and 8) and higher levels of
these fatty acids in white clover silage (Table 5). The
mechanism is very different with red clover silage,
which contained similar levels of «-linolenic acid to
grass silage (Table 5). For Experiment 2, the apparent
recovery of a-linolenic acid from the diet into milk was
9.7% for diet RC8, in comparison with 5.9% for WC8
and 5.1% for G8. The substantial increases in polyun-
saturated fatty acids in milk from cows offered red clo-
ver silage must reflect reduced rumen biohydrogenation
(see Dewhurst et al., 2003). Other studies (Dewhurst
and King, 1998) have shown that wilting is an im-
portant source of loss of polyunsaturated fatty acids in
silage and since the red clover silages in this work were
usually subject to 2 d of field wilting, there is clearly
potential for further increases in this area. In another
aspect of our work with «a-linolenic acid (from linseed
oil) we have shown beneficial effects on fertility (Petit et
al., 2001, 2002). We hypothesize that these mechanisms
could explain the improvements in fertility of cows con-
suming red clover silage in earlier work (Austin et al.,
1982; Thomas et al., 1985), which occurred despite evi-
dence (from sheep) that phytoestrogens from red clover
can impair fertility (Austin et al 1982).

Nitrogen Utilization

The primary objective of this work was to evaluate
forages against a standard level and type of concentrate
allocation, which was designed to balance the protein

content of the grass silages. This limits the interpreta-
tion of the N utilization results, since N intake varied
considerably between treatment groups (Tables 7 and
8). Nonetheless, taking into account these differences
there are still clear areas of interest (Figure 1). The
results presented in Table 8 suggest that increasing
the level of concentrate feeding from 4 kg/d to 8 kg/d
had no effect on N efficiency. However, when N intake
is taken into account (Figure 1), an increase in efficiency
with increased concentrate feeding becomes apparent.
Although N intake and urinary N were highest for cows
offered white clover silage, these cows exhibited a con-
siderable (25%) increase in milk protein yield, so that
N efficiency was not as low as may have been expected.

30 oGrass 4
= oGrass 8
25 aGrass-red clover 4
oA
—_ ‘ 4 AGrass-red clover 8
§ 20 1 .. XX ORed clover 4
> + mRed clover 8
8 & Grass-white clover 8
g 151 xWhite clover 8
% +Alfalfa 8
> 10
5 4
0 T T T )
200 400 600 800 1000

N intake (g/d)

Figure 1. Efficiency of conversion of feed N into milk N (%) for
the forage treatments in Experiments 1 and 2 (grass silage, red clover
silage, white clover silage, alfalfa silage, and 50/50 (DM basis) mix-
tures of grass silage with red clover silage or white clover silage.
Concentrates were offered at 4 or 8 kg/d.
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Similarly, there was little loss of N efficiency when
changing from grass silage to a mixture of grass silage
and red clover silage in both experiments, suggesting
a synergistic effect of the forage mixture on efficiency.
Changing to diets based exclusively on red clover silage
did not lead to a further increase in milk protein yield.
In fact N efficiency declined markedly suggesting that
balancing red clover N with some other diet component
is more important for N efficiency than the inherent
attributes of red clover. The dark coloration of red clover
silage reflects the action of polyphenol oxidase to oxidize
natural phenols which produce quinones that polymer-
ize with proteins (Jones et al., 1995) and reduce proteol-
ysis (Hatfield and Muck, 1999). However, our studies
provide no evidence that this mechanism affected over-
all N utilization—though further studies with low pro-
tein supplements are required to clarify this question.
Relative to N intake, the efficiency of use of N from
alfalfa silage was low, probably reflecting imbalances
between rapidly available N and indigestible fiber in
the rumen and/or the lower energy supply from al-
falfa—this is evident from the high digestible N: digest-
ible DM ratio for this diet (Table 7). The inefficient use
of N from alfalfa silage was confirmed by these animals
having the highest plasma urea concentrations (Table
11). Broderick et al. (2000) also noted low N utilization
efficiency with alfalfa silage. Further work is needed
to design forage mixtures, and protein and energy sup-
plements to optimize N efficiency with diets based on
high levels of legume silages.

CONCLUSIONS

The techniques of minimal handling and chopping,
use of biological inoculants and preparation of legume
silages in big bales worked well. We prepared six cuts
of each crop, at varying DM contents, over two yr and all
materials were well-preserved and aerobically stable.

These studies confirmed the high intake potential
and milk production from legume silages. White clover
silage consistently led to a 6 kg/d increase in milk yield
in comparison with grass silage. Whilst white clover is
probably not a viable monoculture, owing to low yields,
it is clearly beneficial to nutritional value in situations
(such as organic farming) that encourage higher levels
in swards. The increased intake of legume silages was
associated with cows consuming a similar number of
larger meals.

There was a general decline in N use efficiency associ-
ated with increasing legume content in the diet, associ-
ated with increasing N intake. Nonetheless, efficiencies
for cows offered white clover silage and a mixture of
red clover silage and grass silage showed higher N effi-
ciencies than may have been anticipated, probably be-
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cause of improved rumen function and/or energy supply
to the mammary gland. Clover silages led to a reduction
in the content of palmitic acid and an increase in the
content of polyunsaturated fatty acids, particularly the
n-3 a-linolenic acid, in milk.
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