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Abstract

The literature implicates strongly that including energy supplements in dairy rations based on protein-rich forages increases
performance and feed efficiency due to an improved and more balanced ruminal energy and protein supply. Therefore, both
conventional and organic dairy farms primarily supplement roughages with concentrates, containing high proportions of
cereal grains. However, considering the main principles of sustainable agricultural systems and nutrient cycles, the question
of alternatives is raised. Therefore, the present study was conducted to compare grain and maize silage as energy sources in
organic dairy cow rations. Two grass—clover silage-based diets, offered on an ad libitum basis, were supplemented either
with 1kg grain mixture plus 0.5kg hay (treatment group G) or 2.1 kg maize silage (treatment group M) on a dry matter
(DM) basis. The trial was carried out as a change-over design and lasted for 15 weeks. Intake of concentrates, DM and
utilizable crude protein in the duodenum (uCP) were similar in both treatments. However, significant differences between
treatments G and M were found for grass—clover silage dry matter intake (DMI) (13.4 versus 12.9kg), forage DMI (14.6
versus 15.7 kg), crude protein (CP) intake (2885 versus 2801 g), ruminal nitrogen balance (RNB) (40 versus 29 g) and intake
of neutral detergent fiber (NDF) (7630 versus 7900 g). Milk yield was not affected by treatment, but in treatment M, milk
fat content was at 42.4 gkg ™", significantly higher, and milk urea concentration at 19.7 mg 100 ml ™', significantly lower,
as compared with treatment G. Efficiency of N use (N in milk in % of N intake) tended to be improved in treatment

M. Balances of energy and uCP (intake as a percentage of requirements) were unaffected by treatment.
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Introduction

In organic dairy farming systems, grass, legumes and their
ensiled conserves represent the main feedstuffs and major
protein sources. In ruminant nutrition, ruminal microbes
contribute considerably to the protein supply of the animal.
For an optimal growth of rumen microbes and synthesis
of microbial protein, a balanced and simultaneous ruminal
protein and carbohydrate supply is crucial'. Carbohydrates
can be divided into non-structural carbohydrates (starch,
sugar and pectins), which are readily fermentable in the
rumen, and structural carbohydrates (cell wall constituents
consisting of cellulose, hemicellulose and lignin), which are
potentially degradable in the rumen. Both determine the
energy value of a feedstuff. From grass, legumes and their
silages, rumen protein supply is usually higher than energy
supply and, most notably, protein degradation occurs more
rapidly than carbohydrate fermentation. Therefore, slow
ruminal carbohydrate degradation rate in relation to rapid
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nitrogen release is claimed as one of the main factors for
high environmental nitrogen losses, low microbial protein
synthesis and low feed efficiency”.

Traditionally, protein-rich dairy diets are supplemented
with cereal grains, which are high in starch and low
in protein content. However, in sustainable agriculture
systems, feeding grain must be viewed critically with
regard to amount of forage utilization, intact nutrient cycles
and the use of potential human food in animal feeding.
Therefore, in the past decade, several studies examined
alternatives to grain such as fodder beets, beet pulp, whole
crop silages, maize silage or energy-rich by-products®’.
A nutritional consequence when substituting cereals is that
starch is replaced by other carbohydrate sources.

The general aim of organic dairy farming is to reach a
high level of self-sufficiency. This can be achieved by
minimizing purchased concentrate use and focusing on
milk production from forage. Therefore, on organic dairy
farms, maize silage could be an attractive crop instead of
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Table 1. Chemical composition and calculated nutritive values of feeds (gkg ™' dry matter (DM) unless stated).

Grass—clover Concentrate Maize Grain
Component silage Hay mixture silage mixture
DM 466 870 863 300 869
Crude protein 160 110 171 76 107
Crude ash 119 72 61 40 21
Crude fiber 220 283 82 200 33
Crude fat 29 22 26 31 24
Starch ND’ ND 414 304 673
NDF,,, 430 586 309 452 171
ADF,, 279 336 118 232 45
NEL (MJkg™' DM) 6.0 5.4 7.5 6.5 8.5
uCP? 136 121 171 130 165
Ruminal N balance 3.8 -1.7 0.0 —-8.7 -93

” Not determined.
2 Utilizable crude protein in the duodenum.

cereal grains. Maize silage is a reliable forage supplement
that can be grown in most grassland regions of moderate
altitude. It supplies ruminally digestible fiber, but also
noteworthy amounts of ruminally degradable starch®.
Therefore, the objective of this experiment was to evaluate
whether grain and maize silage are interchangeable energy
sources in grass—clover silage-based diets in terms of feed
and nutrient intake, milk yield, milk constituents and feed
efficiency.

Animals, Materials and Methods
Experimental design and animals

The experiment was conducted as a repeated change-over
design at the organic farm of the Agricultural High School
Ursprung in the province of Salzburg, Austria (570 m NN,
1250 mm precipitation, 8.5°C average annual temperature)
from November 2005 to February 2006. The experiment
was carried out with 13 Holstein Friesian dairy cows,
housed in a cubicle housing system with Calan gates
for individual feeding. Cows were allotted to two treatment
groups (six cows in treatment G and seven cows in treat-
ment M) according to milk yield, days in milk and number
of lactations. At the beginning of the experiment, average
(x standard deviation) milk yield, days in milk and number
of lactations were 25.9 + 6.16 kg per day, 105 + 59.0 days
in milk and 2.9 * 1.82, respectively. The experiment lasted
for 15 weeks with a 3-week adaptation period to Calan
gates and feeding regimen at the beginning of the experiment
and a change-over period of 2 weeks in weeks 9 and 10.

Feeding regimen

In the experiment, two grass—clover silage-based rations,
intended to be equal in dietary energy content, were
compared. The chemical composition and nutritional values
of the feeds are listed in Table 1. Grass—clover silage was a
mixture of first and third cut and derived from approxi-
mately 50% grassland and 50% perennial clover—grass leys.
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Hay was harvested from second cut. Maize silage was
harvested in mid-October, chopped to lengths of approxi-
mately 10mm and ensiled as bales. The grain mixture
consisted of equal amounts of barley, wheat, rye and
maize, which represent commonly used energy sources
in concentrates for dairy cows. Furthermore, 50g of a
commercial mineral and vitamin mixture were given to
each cow daily.

Both diets were based upon ad libitum allowance of
grass—clover silage, which was fed at 5:00 and 15:30. At
14:00, approximately 1.5kg hay was provided for each
cow. All feeds were removed and weighed before the next
feeding. Treatment group G received 1kg of the grain
mixture and treatment group E 2.1 kg maize silage on a dry
matter (DM) basis. Grain mixture and maize silage were
fed on top of grass—clover silage in two equal portions
at morning and evening feeding. Additionally, cows in
treatment G were fed 1kg hay in addition to grass—clover
silage at morning feeding to decrease grass—clover silage
intake. It was assumed that the grain mixture and the maize
silage were consumed completely. Refusals of morning-fed
hay in treatment G were manually collected and weighed
before removing grass—clover silage. In the present paper,
maize silage, the grain mixture and morning-fed hay
are referred to as supplements. In both treatments, cows
exceeding a daily milk production of 17kg were fed a
purchased, pelleted concentrate mixture at a rate of 1kg
DM per 2 kg additional milk yield via an automatic feeding
station.

Data collection and analytical procedures

Individual forage intake was recorded during four 6-day
recording periods in weeks 4, 8, 11 and 15 of the ex-
periment using Calan gates. Grass—clover silage was offered
twice a day to ensure refusals in amounts of 5-10%. Orts
were weighed before next feeding. Intake of the concentrate
mixture was recorded daily during the whole experiment.
In each recording period, DM content of all used feeds and


https://doi.org/10.1017/S1742170507002104

Maize silage as an energy supplement in organic dairy cow rations 157

Table 2. Effect of maize silage versus grain-mixture on daily feed and nutrient intake.

Lsmeans

Item Treatment G Treatment M Se P
Hay DMI (kg) 1.2 0.7 0.37 <0.001
Hay DMI morning feeding (kg) 0.5 -

Concentrate DMI (kg) 3.0 3.0 0.45 0.916
Total DMI (kg) 18.6 18.7 2.19 0.599
Total DMI kg body weight ~%7° (g) 145 145 16.6 0.910
Forage DMI (kg) 14.6 15.7 1.70 <0.001
Grass-clover silage DMI (kg) 13.4 12.9 1.67 0.005
NEL intake (MJ) 118 117 10.7 0.726
CP intake (g) 2885 2801 277.3 0.011
uCP intake (g) 2637 2618 240.7 0.506
Ruminal N-balance (g) 39.5 29.1 6.83 <0.001
Crude fiber intake (g) 3551 3691 375.7 0.002
NDF,,, intake (g) 7630 7900 763.6 0.003
ADF,,, intake (g) 4532 4672 483.6 0.014
Crude fat intake (g) 522 541 52.0 0.003

feed refusals (grass—clover silage and hay) was determined
at least three times by oven drying at 105°C for 24h.
Furthermore, in each recording period, one sample of each
dietary component and feed refusal (for each treatment
separately), pooled over 3 days, was collected and analyzed
using methods described by ALVA® and VDLUFA'.
Contents of utilizable crude protein in the duodenum (uCP)
and energy were calculated according to GfE''. Cows were
milked twice daily at 6:00 and 16:30 in a herring milking
parlor and milk yields were recorded automatically at each
milking. In each recording period, three pooled samples
from morning and evening milk were collected from each
cow and analyzed for fat, protein, lactose, urea and somatic
cell counts. Between recording periods, individual milk
samples were collected once a week. Body weights and
body condition scores (BCSs) (1-5 points, 0.25 interval,
1: very lean, 5: very fat) were determined once in each
recording period.

Statistical analysis

Data were analyzed with the statistical program package
SAS'? according to the model developed by Kaps and
Lamberson'®. However, only parameters which were
statistically significant were included in the final reduced
model. Statistical differences were considered to be
significant when P < 0.05 and trending towards significance
when P <0.10.

Yijkimn = W+ 0 + By +¥, 4 85 + SUB(B) . + Egjktins

where Y, = Observation on cow j with treatment i,
order of treatment k and period I, W =overall mean,
o; = fixed effect of treatment i (G, M), B; = effect of order
k (I, IT) of applying treatments, y, = fixed effect of period /
1, 2, 3, 4), 3,,=continuous covariate day of experiment
m, SUB(B)jk =random effect of cow j within order k,
€jiimn = random residual error.
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Results and Discussion

Several studies have examined the supplementation of
protein-rich forages (pasture, grass silage and legume
silage) with maize silage'*'. Other trials have compared
different carbohydrate sources in dairy cow diets™*!'7~'?.
However, surveys comparing grain and maize silage as
supplements are rare. In the present study, cows were fed
grass—clover silage-based diets, which were supplemented
either with 1kg of a grain mixture plus 0.5kg hay
(treatment G) or 2.1kg maize silage (treatment M) on a
DM basis. Dietary energy content was similar in both
treatments (6.4 and 6.3 MJ net energy for lactation (NEL)
kg~ ! DM in treatments G and M, respectively). Generally,
it is assumed that at low levels of supplementation, the
energy source has only little effect on feed intake, milk
yield and milk composition?’. Hence, most studies cited in
the present paper used much higher supplementation rates
than the study at hand.

Feed and nutrient intake

Maize silage and grain differ in their nutritional character-
istics, especially in their contents of starch and fiber
(Table 1). Generally in maize silage, the B1 fraction
(starch) of the CNCPS (Cornell net carbohydrate and
protein system) is lower as compared with cereal grain
(40 versus 70% of carbohydrates) and the B2 fraction
(hemicellulose and cellulose) higher (45 versus 20% of
carbohydrates)*'2.

Daily forage dry matter intake (DMI) (grass—clover
silage, hay and maize silage) was significantly higher in
treatment M (15.7 versus 14.6 kg DM). Grass—clover silage
intake was 0.5kg DM lower in treatment M as compared
with treatment G (Table 2). However, in the present study,
DMI and energy content of supplements were different and
no data for a treatment group without supplementation were
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Table 3. Effect of maize silage versus grain-mixture on daily milk yield and milk composition.

Lsmeans
Item Treatment G Treatment M Se P
Milk (kg) 23.3 23.1 1.57 0.360
ECM (kg) 23.1 233 1.86 0.431
Protein (gkg ™" milk) 32.0 31.8 1.25 0.197
Fat (gkg ™' milk) 40.9 424 4.10 0.012
Lactose (gkg ™" milk) 472 47.9 11.38 0.617
Fat protein ratio 1.28 1.33 0.124 0.004
Protein yield (g) 733 729 54.9 0.559
Fat yield (g) 949 974 109.5 0.094
Somatic cell counts (x10°ml~") 98 106 107.2 0.611
Urea (mg 100ml ™ ") 20.8 19.7 3.74 0.035
Table 4. Effect of maize silage versus grain-mixture on feed utilization.

Lsmeans

Item Treatment G Treatment M Se P
Concentrate mixture’ (g DM kg~ ' milk) 164 115 22.6 <0.001
N efﬁciency2 (%) 25.5 26.1 16.39 0.075
Milk from forage3 (%) 70 82 2.8 <0.001
uCP balance” (%) 113 113 6.5 0.788
NEL balance” (%) 105 104 8.8 0.264

! Concentrate mixture and grain mixture.
> N in milk in % of N intake.

3 (NEL intakegorage —NEL requirementy,inenance)/NEL requirement kgfl milk.
“ Intake as a percentage of requirements for maintenance and milk production.

available. Hence, with the present results, no reliable
statement for substitution rates can be made. Intake of the
concentrate mixture averaged 3.0kg DM in both treat-
ments. Therefore, percentage of dietary forage intake was
rather high (P<0.01) at 79% of total daily DMI in
treatment G and 85% in treatment M, taking into account an
average milk yield of 23.2kg per day.

No difference between treatments was observed for total
daily DMI, estimated intake of NEL and uCP (Table 2).
Contrary to uCP intake, intake of CP was significantly
lower in treatment M, which resulted in different dietary CP
concentrations (15.7 and 14.9% of DM in treatments G and
M, respectively, P <0.01). RNB is an estimated value for
the protein supply of the ruminal microbes and is calculated
as CP minus uCP divided by 6.25''. RNB was significantly
lower in treatment M (29 versus 40 g), which reflected the
lower CP intake in treatment M (Table 2).

In the study in question, protein balance, defined as
uCP intake as percentage of requirements for maintenance
and observed milk production'!, was markedly positive
(+13%) in both treatments. Reasons for the positive protein
balance could be the following: provision of grass—clover
silage ad libitum for the whole day, a slight overestimation
of the uCP feed value as well as discrepancies in the
estinlllation of the protein and energy requirements of the
GfE .
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Overall hay intake was, according to plan, significantly
higher in treatment G (1.2 versus 0.7 kg DMI); however,
intake was considerably lower in both groups (6 and 4% of
total daily DMI in treatments G and M, respectively) than
initially planned and expected. Although treatment G was
supplemented with hay at morning feeding, daily intake
of crude fiber, NDF,, and ADF,,, was on average 3-4%
higher in treatment M, which was statistically significant
(Table 2). This reflected mainly differences in the fiber
content of the two energy supplements (fiber intake from
maize silage was 50% higher than fiber intake from grain
mixture plus hay consumed at morning feeding).

Milk production and feed efficiency

Several authors have dealt with the effect of different
carbohydrate supplements on milk yield and milk composi-
tion. Inconsistency in the results is often attributed to
differences in the source of carbohydrate, the quantity of
supplementation and the forage quality. Generally, it is
assumed that good roughage quality is likely to increase
substitution rates and reduce production responses to
supplements™*,

Results of the present study concerning milk perfor-
mance and feed efficiency are shown in Tables 3 and 4,
respectively. In the present study, daily milk yield was
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unaffected by energy supplementation, which is in agree-
ment with results of Castillo et al.'” and Visser et al.>>, who
fed concentrate mixtures with different structural and non-
structural carbohydrates and did not observe any difference
in DMI, energy intake or milk yield. Contrary to this,
Moran and Croke’ fed different amounts of maize silage
or wheat to pasture-fed dairy cows at the same level of
supplemental energy and observed numerically higher milk
yields when feeding wheat. However, this might have
resulted from the trend for higher supplemental ME intake
and lower calculated pasture substitution in the wheat-fed
treatment.

In the study at hand, milk protein content was unaffected
by treatment, which agrees with results of Huhtanen et al.°,
but is contrary to those of Moran and Croke’. The present
study showed a significantly higher milk fat content in
treatment M (P = 0.01). However, this difference was only
a trend for milk fat yield (P=0.09). It is commonly
agreed that the amount of ruminally fermentable fiber and
consequently the production of acetic acids have a major
impact on milk fat content. Nevertheless, several studies
comparing fibrous versus starchy supplements did not
report any effect on milk fat percentage®’-'’, although NDF
intake was significantly higher with fibrous carbohydrates.

In the present study, milk urea concentration was within
the recommended range of 15-30mg 100ml~' in both
treatments®. However, in treatment M, urea concentration
was slightly but significantly lower (19.7 versus 20.8 g,
P =0.04). Hristov and Ropp?’ fed two diets supplemented
either with ruminally fermentable non-structural carbo-
hydrates (barley and molasses) or ruminally fermentable
fiber (beet pulp, brewer’s grain and corn) and found
a significantly lower milk urea concentration for the
ruminally fermentable fiber diet. However, whether the
reduced urea content observed in the present study resulted
from reduced protein intake, increased ruminally fermen-
table energy or improved ruminal N capture is unclear.

In general, the efficiency with which dietary N is utilized
by dairy cows (N in milk in % of N intake) is low, ranging
from 22 to 39%%*°, It is generally agreed that low dietary
N efficiency is partly related to high dietary CP content and
an unbalanced ruminal energy and protein supply, and
that it can be improved through the supplementation of
feedstuffs rich in carbohydrates’®®'. The present study
showed a slight tendency (26.1 versus 25.5%, P =0.08)
for an improved dietary N efficiency in treatment M.
Unfortunately, in the present study, herd size was too small
to allow for a third, non-supplemented treatment group;
hence no statement for a diet without supplementation can
be made.

With the data at hand, it is difficult to make a reliable
statement on changes in body weight and BCS, because
cows were in different stages of lactation and cows were
not kept separated from water troughs and grass—clover
silage before weighing. Generally, treatment did not show a
significant effect on body weight, which averaged 649 kg
(P=0.56), and BCS, which averaged 3.2 points in both
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treatments (P =0.83). The lack of differences in body
weight and BCS between treatments may be partly because
of the rather low amount of supplements fed and partly
because of the lack of difference in DMI and NEL intake.

Conclusions

The present study gives an indication that with even small
amounts of supplemental energy nutrient intake, protein
supply and milk composition can be influenced. Although
only 11% of total DMI was fed as maize silage, CP intake
was significantly reduced, RNB and milk urea concentra-
tion significantly decreased, and dietary N efficiency
slightly improved as compared with the grain-supplemen-
ted treatment. However, with the present trial, no reliable
statement can be made whether these improvements are due
to reduced CP intake, improved ruminal energy supply or
greater ruminal N capture. Milk yield was not negatively
influenced by feeding maize silage instead of grain;
however, the dietary proportion of supplements was
probably too small to observe responses in milk production.
It is concluded that inclusion of small amounts of maize
silage instead of grain did not seem to have any negative
effects. However, higher supplementation rates and lower
dietary CP contents might lead to greater differences.

Acknowledgements. The authors would like to thank the
Agricultural High School Ursprung, A-5161 Elixhausen, for
providing its stable and dairy herd, the farm staff for their
contribution to the experimental work, Dr Andreas Steinwidder
of the HBLFA Raumberg Gumpenstein for his contribution to
experimental planning and ration formulation and Dr Roswitha
Baumung for her statistical assistance. For funding the project,
the authors would like to express their thanks to the Austrian
Ministry of Agriculture and Forestry, Environment and Water
Management, the Salzburger Landesregierung, the Raiffeisenver-
band Salzburg and Bio Austria.

References

1 Nocek, J.E. and Russell, J.B. 1988. Protein and energy as
an integrated system. Relationship of ruminal protein and
carbohydrate availability to microbial synthesis and milk
production. Journal of Dairy Science 71:2070-2107.

2 Givens, D.I. and Rulphin, H. 2004. Utilization by ruminants
of nitrogen compounds in silage-based diets. Animal Feed
Science and Technology 114:1-18.

3 FEriksson, T., Murphy, M., Ciszuk, P., and Burstedt, E. 2004.
Nitrogen balance, microbial protein production, and milk
production in dairy cows fed fodder beets and potatoes, or
barley. Journal of Dairy Science 87:1057-1070.

4 Mogensen, L. and Kristensen, T. 2003. Concentrate mixture,
grass pellets, fodder beets, or barley as supplements to silage
ad libitum for high-yielding dairy cows on organic farms. Acta
Agriculturae Scandinavica 53:186-196.

5 Phipps, R.H. 2002. Complementary forages in milk pro-
duction. In P.C. Garnsworthy and J. Wiseman (eds). Recent
Developments in Ruminant Nutrition. Nottingham University
Press, Nottingham, UK. p. 121-138.


https://doi.org/10.1017/S1742170507002104

160

6

10

11

12

13

14

15

16

17

18

19

Huhtanen, P., Jaakkola, S., and Saarisalo, E. 1995. The effects
of concentrate energy source on the milk production of
dairy cows given a grass silage-based diet. Animal Science
60:31-40.

Moran, J.B. and Croke, D.E. 1993. Maize silage for the
pasture-fed dairy cow. 5. A comparison with wheat while
grazing low quality perennial pastures in the summer.
Australian Journal of Experimental Agriculture 33:541-549.
Sniffen, C.J., O’Connor, J.D., Soest, P.J., Fox, D.G., and
Russell, J.B. 1992. A net carbohydrate and protein system
for evaluating cattle diets. 2. Carbohydrate and protein
availability. Journal of Animal Science 70:3562-3577.
ALVA. 1983. Osterreichisches Methodenbuch fiir die
Untersuchung von Futtermitteln, Futterzusatzstoffen und
Schadstoffen. ALVA, Vienna, Austria.

VDLUFA. 1976. Methodenbuch Band III-Die chemische
Untersuchung von Futtermitteln. VDLUFA, Darmstadt,
Germany.

GfE. 2001. Empfehlungen zur Energie- und Néhrstoffversor-
gung der Milchkiihe und Aufzuchtrinder. DLG, Frankfurt am
Main, Germany.

SAS. 1999. Software, Release 8.0. SAS Institute Inc., Cary,
NC, USA.

Kaps, M. and Lamberson, W. 2004. Biostatistics for Animal
Science. CABI Publishing, Oxfordshire, UK, and Cambridge,
MA. p. 297-301.

Mitani, T., Takahashi, M., Ueda, K., Nakatsuji, H., Kondo, S.,
and Okubo, M. 2005. Effects of supplementary corn silage on
the feed intake and milk production of time-restricted grazing
dairy cows. Animal Science Journal 76:331-337.

Holden, L.A., Muller, L.D., Lykos, T., and Cassidy, T.W.
1995. Effect of corn silage supplementation on intake and milk
production in cows grazing grass pasture. Journal of Dairy
Science 78:154-160.

Stockdale, C.R. 1994. Persian clover and maize silage. L
Silage as a supplement for lactating dairy cows offered
herbage of different quality. Australian Journal of Agricultural
Research 45:1751-1765.

Castillo, A.R., Kebreab, E., Beever, D.E., Barbi, J.H.,
Sutton, J.D., Kirby, H.C., and France, J. 2001. The effect of
energy supplementation on nitrogen utilization in lactating
dairy cows fed grass silage diets. Journal of Animal Science
79:240-246.

Visser, HD.E. 1996. Characterisation of carbohydrates in
concentrates for dairy cows. In P.C. Garnsworthy and D.J.A.
Cole (eds). Recent Developments in Ruminant Nutrition.
Nottingham University Press, Nottingham, UK. p. 155-174.
Visser, H.D.E. and Hindle, V.A. 1990. Dried beet pulp,
pressed beet pulp and maize silage as substitutes for
concentrates in dairy cow rations. 1. Feeding value, feed
intake, milk production and milk composition. Netherlands
Journal of Agricultural Science 38:77-88.

https://doi.org/10.1017/51742170507002104 Published online by Cambridge University Press

20

21

22

23

24

25

26

27

28

29

30

31

M. Velik et al.

Leaver, J.D. 2002. Supplementation of maize silage and
wholecrop cereals. In P.C. Garnsworthy and J. Wiseman (eds).
Recent Developments in Ruminant Nutrition. Nottingham
University Press, Nottingham, UK. p. 139-161.

Gruber, L., Stogmuller, G., Taferner, K., Haberl, L.,
Maierhofer, G., Steiner, B., Steinwidder, A., Schauer, A.,
and Knaus, W. 2005. Protein and carbohydrate fractions of the
Cornell system as well as ruminal dry matter degradation in
situ of energy and protein concentrates. Ubersichten zur
Tiererndhrung 33:129-143.

Taferner, K.C. 2006. Einfluss von Vegetationsstadium, Sorte,
Konservierung und Standort von Silomais auf den Gehalt an
Protein und Kohlenhydraten nach dem Cornell-System und
auf den in-situ Abbau der Trockenmasse. Master’s thesis,
BOKU—University of Natural Resources and Applied Life
Sciences, Vienna, Austria.

Bargo, F., Muller, L.D., Kolver, E.S., and Delahoy, J.E. 2003.
Production and digestion of supplemented dairy cows on
pasture. Journal of Dairy Science 86:1-42.

Faverdin, P., Dulphy, J.P., Coulon, J.B., Verite, R., Garel, J.P.,
Rouel, J., and Marquis, B. 1991. Substitution of roughage by
concentrates for dairy cows. Livestock Production Science
27:137-156.

Visser, H.D.E., Van der Togt, P.L., and Tamminga, S. 1990.
Structural and non-structural carbohydrates in concentrate
supplements of silage-based dairy cow rations. 1. Feed intake
and milk production. Netherlands Journal of Agricultural
Science 38:487-498.

Steinwidder, A. and Wurm, K. 1998. Milchinhaltsstoffe zur
Beurteilung der Fiitterung niitzen. Der Fortschrittliche Land-
wirt 76(20):25-35.

Hristov, A.N. and Ropp, J.K. 2003. Effect of dietary
carbohydrate composition and availability on utilization of
ruminant ammonia nitrogen for milk protein synthesis in dairy
cows. Journal of Dairy Science 86:2416-2427.

Huhtanen, P., Nousiainen, J., and Khalili, H. 2003. Efficiency
of N utilization in milk production. In O. Niemeldinen and M.
Topi-Hulmi (eds). Proceedings of the NJF’s 22nd Congress:
Nordic Agriculture in Global Perspective, Turku, Finland.
p- 1-5.

Castillo, A.R., Kebreab, E., Beever, D.E., and France, J. 2000.
A review of efficiency of nitrogen utilization in lactating
dairy cows and its relationship with environmental pollution.
Journal of Animal and Feed Sciences 9:1-32.

Cohen, D.C., Stockdale, C.R., and Doyle, P.T. 2006. Feeding
an energy supplement with white clover silage improves
rumen fermentation, metabolisable protein utilization, and
milk production in dairy cows. Australian Journal of
Agricultural Research 57:367-375.

Tamminga, S. 1996. A review on environmental impacts of
nutritional strategies in ruminants. Journal of Animal Science
74:3112-3124.


https://doi.org/10.1017/S1742170507002104

